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Abstract We have used the phenomenon that speed in-
creases with movement amplitude as a rehabilitation
strategy. We tested the hypothesis that the generalized
training of amplitude in the limb motor system may
reduce bradykinesia and hypokinesia in the upper and
lower limbs in subjects with Parkinson’s disease (PD)
across disease severity (Stage I, n=6; Stage II, n=7;
Stage 111, n=175). While studies have separately examined
the relationship of amplitude to speed in reaching and
gait, the same study has not reported the relationship for
both limb systems. Moreover, the rehabilitation inter-
vention, Training BIG, is unique in that it applies well-
established treatment concepts from a proven treatment
for the speech motor system in PD [Lee Silverman Voice
Treatment (LSVT®)] to the limb motor system. Subjects
(n=18) participated in intense practice (1-h sessions/4x
week/4 weeks) of large amplitude movements involving
the whole body (i.e., head, arm, trunk, and leg) while
focusing on the sensory awareness of ““‘movement big-
ness.” Testing procedures were designed to demonstrate
the transfer of generalized amplitude practice to speed
improvements during functional “untrained” tasks in
“uncued” conditions with blinded testers. After therapy,
the subjects significantly increased their speed of reach-
ing and gait for the preferred speed condition. This effect
was greater when the severity of the disease was less. The
results support further application and efficacy studies of
Training BIG. Amplitude-based behavioral intervention
in people with PD appears to be a simple target that may
be applied in different contexts for multiple tasks and
results in improved speed—amplitude scaling relations
across the upper and lower limbs.
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Introduction

The ability to generate movements varying in amplitude,
speed, accuracy, and load is critical for adapting to
natural environments. Studies have systematically
manipulated these task variables in order to identify
rules that govern the control of movement in different
contexts. One of these rules, first proposed to describe
the relation between speed and amplitude for fast single
joint movements (Freund and Budingen 1978), states
that larger amplitude movements are generated with
increased movement speed. This linear speed—amplitude
relation has been shown to generalize across distal and
proximal arm joints, upper and lower extremities, and
single and multijoint movements (Buneo et al. 1994;
Hoffman and Strick 1986; Pfann et al. 1998). While most
of these studies investigated point-to-point reaching, the
speed—amplitude relation has also been described during
repetitive tasks including handwriting, walking, and
speech movements, suggesting that this phenomenon is
generalized across different motor systems (Ostry et al.
1987; Van Gemmert et al. 2003; Zijlstra et al. 1995).
Studies investigating speed—amplitude relations in
people with Parkinson’s disease (PD) suggest that for
any given movement amplitude, the velocity is reduced
(Morris et al. 1994; Pfann et al. 2001; Van Gemmert
et al. 2003). The reduction in speed has been shown to be
greater for long movements (large amplitude) than short
movements (small amplitude), suggesting that the
velocity may saturate or disproportionately scale at large
amplitudes (Flowers 1975; Horak et al. 1996). Task-
specific external cueing or attentional strategies have
been shown to help people with PD to overcome deficits
in speed or amplitude scaling. During tasks where both
amplitude and speed are free to covary, amplitude cues
result in both bigger and faster movements that often
approach or surpass control values (walking, Behrman



et al. 1998; Morris et al. 1994; handwriting, Teulings and
Stelmach 1991). On the other hand, velocity cues for the
same type of tasks result in mostly faster movements
(but not bigger) (Behrman et al. 1998; Morris et al. 1994;
Teulings and Stelmach 1991; Suteerawattananon et al.
2004; Zijlstra et al. 1998). During upper limb reaching
tasks, target distance (amplitude) is typically specified,
leaving only speed free to vary. In this case, velocity cues
often result in subjects with PD moving as fast as control
subjects, but at the loss of interlimb coordination and/or
accuracy (Ma et al. 2004; Phillips et al. 1994; Sheridan
and Flowers 1990; Teasdale et al. 1990). Similar studies
of the speech motor system show that cueing loudness
(amplitude) increases amplitude of lip movements dur-
ing speech, while speed (rate) manipulations result in
greater variability (Kleinow et al. 2001). These studies
suggest that cueing amplitude may be the best behav-
ioral strategy to optimize the speed—amplitude relation
across multiple tasks (reaching/walking/speaking) in
people with PD, thereby, reducing the symptoms of
hypokinesia and bradykinesia.

Training of amplitude, as a rehabilitation approach
in people with PD, was first applied to treat the speech
deficit of reduced loudness (LSVT®). After over
15 years of efficacy research, LSVT has demonstrated
short and long-term (2-year) retention in loudness
(Ramig et al. 2001), as well as generalized improve-
ments in articulation, facial expression, swallowing,
and communicative gesturing (Fox et al. 2002). Given
the success of LSVT and the general nature of the
speed—amplitude phenomenon, a logical extension is
the training of amplitude for the limb motor system
(BIG). Thus, using the same treatment principles
established in speech for training of amplitude in the
speech motor system (LSVT®-LOUD), we developed a
protocol for training of amplitude in the limb motor
system (Training BIG). The treatment principles
(multiple repetitions, intensity, and complexity) are
consistent with the literature citing key elements of
exercise that contribute to neuroplasticity and brain
reorganization in animal models of PD (Fisher et al.
2004) and human stroke-related hemiparesis (Taub
2004). We tested the hypothesis that the generalized
training of large amplitude movements involving the
whole body (i.e., head, trunk, arms, and legs) would
concurrently impact both the amplitude and speed of
functional and more isolated upper and lower limb
tasks (reaching, walking) for both the preferred and as
fast as possible speed conditions.

Materials and methods
Subjects

Eighteen subjects with PD (67=+9 years; 11 men:7 wo-
men) volunteered to participate in the study. All the
participants signed an informed consent and the Uni-
versity of Arizona institutional review board approved

the study. Subjects were eligible if they had no medical
complications that would interfere with limb movements
or exercise. In addition, subjects diagnosed with PD by a
neurologist were required to be stable on medications,
have no other neurological diagnosis, and had never
participated in LSVT®. While participating in the study,
medications for subjects with PD were unchanged and
the subjects were required to abstain from physical or
occupational therapy and weight training. Disease
severity (Hoehn and Yahr 1967) was equally distributed
among subjects with PD, Stage I (n=06), Stage Il (n="7),
and Stage III (n=5).

Treatment intervention

The amplitude-based intervention (Training BIG) was
provided by BGF, a physical therapist who did not
participate in any aspects of data collection. All the
subjects received 16 individual 1-h therapy sessions (4x/
week for 4 weeks). Fifty percent of every session was
spent performing multiple repetitions (minimum 10) of
standardized whole-body maximal amplitude drills
including sustained (10 s) BIG stretches (i.e., reach and
twist to side in sitting and standing) and repetitive BIG
multidirectional movements (i.e., step and reach side-
ward, step and reach forward). The subjects were re-
quired to perform maximal bigness and attend to the
perceptual feedback (i.e., how big did that feel?). The
remainder of every session involved using their “bigness
effort” established in the amplitude drills, to practice
emotionally salient functional tasks chosen by the sub-
ject (i.e., getting out of bed, putting on socks, getting out
of a chair).

Experimental conditions and procedures

Blinded examiners tested subjects with PD the week
before (PRE) and the week after training (POST) at their
optimal period of medication. During testing, the sub-
jects were “‘uncued,” that is, no reference to “‘bigness”
was suggested during walking or reaching procedures.
For gait analysis, the subjects walked along a 14-foot
electronic mat (GAITRite®, CIR Systems Inc., Clifton,
NJ, USA) that generated the dependent variables,
velocity, cadence, and stride length. The subjects per-
formed multijoint point-to-point reaching in the hori-
zontal plane while sitting at a table in a standardized
initial position (refer to Fig. 1a, Farley et al. 2004). They
reached for a weighted cup located at three distances
from the index finger, arm’s length (AL) and 10 cm
shorter/longer than AL (AL £ 10 cm). A reflective mar-
ker was placed on the wrist of the most impaired arm.
The wrist marker data was videotaped (60 Hz) and
digitized offline (Peak Performance Technologies Inc.,
Centennial, CO, USA). Wrist position (x, y) was
smoothed with a fourth-order Butterworth filter and
used to calculate peak wrist linear velocity.
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Fig. 1 a—d Averaged data (mean/SE) for reaching (left column, a, b)
and gait (right column, ¢, d). Data from the preferred speed
condition are on the fop row and from the as fast as possible speed
condition on the bottom row. * indicates a significance level of

Speed instructions were varied for both the gait and
reaching such that subjects selected the speed (i.e., use
your everyday way—called preferred condition) or the
speed was explicitly controlled (i.e., as fast as possible).
Prior to all testing, the subjects practiced three to seven
trials. The data were averaged (two trials/each reaching
distance, two to three trials/each gait condition) and
were analyzed with nonparametric tests due to asymet-
rical distributions. The Wilcoxon matched-pairs signed-
rank test was used for all within group comparisons (pre
vs. post-intervention). A random effects regression
model was used for the analysis of the slope and inter-
cept values to describe the speed—distance relation. The
results are reported for a significance level of P <0.05.

Results
Reaching

Prior to intervention, the subjects with PD scaled speed
with amplitude as evident by the increasing wrist
velocity values for reaching at the three distances, AL
and AL+ 10 cm (Fig. 1a, c). This linear relationship was
significant for both the preferred (P <0.0001) and the as
fast possible (P <0.0005) speed conditions. For each
variable, the data are always shown in the same order,
PD PRE on the left (black) and PD POST on the right
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P < 0.05. For reaching, distance reached is on the X-axis and is
relative to arm’s length (AL). Reaching velocity on the Y-axis is in
meters (m/s). For gait, units for velocity, cadence, and stride length
are noted below each variable on the X-axis

(gray). In the preferred speed condition (Fig. 1a), sub-
jects with PD (PD POST) increased wrist velocity for all
the three target distances after intervention. The increase
was significant for the longest two distances (AL,
P=0.03, AL+10 cm, P=0.04). Linear regression re-
vealed no differences in the rate of rise in velocity
(slopes) before versus after intervention. The average
increase in preferred wrist velocity at the two longest
distances was 14%, and appears to be treatment-related,
as it was almost 3x more than the slight 5% increase
observed in an untreated PD control group, tested be-
fore and after a I-month period of no therapeutic
intervention (n=11, data not shown). For the as fast as
possible speed condition, wrist velocity in subjects with
PD significantly increased only for the longest distance
by 16% (AL+10 cm, P=0.009), compared to a 5%
increase in the untreated PD control group. As a result,
the rate of rise (slope) increased significantly after
intervention (P=0.01). To summarize, for both the
speed conditions, reaching velocity increased for the
longest distances after Training BIG.

Gait
In the preferred speed condition (Fig. 1b), the subjects

with PD after intervention (PD POST, gray) increased
their gait velocity (P=0.01) by increasing the stride
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Fig. 2 a-b Absolute velocity change score (post-pre) versus disease
severity (Hoehn and Yahr Scale). a Reaching velocity change score
for preferred speed condition for the largest distance (AL + 10 cm).
b Gait velocity change score for preferred speed condition

length (P<0.004), but did not change cadence
(P=0.91). The 12% increase in the preferred gait
velocity was 3x more than the 4% change observed in
the untreated PD control group. In the as fast as pos-
sible speed condition (Fig. 1d), the subjects with PD
increased their amplitude (stride length) (PRE/POST,
P=0.02), resulting in a slight increase in gait velocity
and a decrease in cadence. To summarize, in the pre-
ferred speed condition, the subjects with PD increased
both gait velocity and stride length after Training BIG.
In the as fast as possible speed condition, the subjects
with PD changed their strategy to take larger steps
without a concomitant increase in velocity or cadence.
This strategy of bigger but not faster may represent a
ceiling effect for velocity, as studies have previously
shown that subjects with PD are capable of near normal
performance in externally cued or maximal performance
type conditions (Behrman 1998; Morris et al. 1994).

Disease severity

To determine if Training BIG had differential or
equivalent effects across levels of disease severity, the
subjects were grouped according to their Hoehn and

Yahr category (Fig. 2). Absolute change in velocity was
calculated and is represented on the y-axis. Only data for
the preferred speed conditions are shown in Fig. 2, be-
cause significant changes from Fig. 1 were most consis-
tent in this condition for both reaching and gait, and the
preferred speed represents the most uncued (spontane-
ous) condition. During reaching to the longest distance
(AL+ 10 cm) as shown in Fig. 2a, the subjects at all the
three impairment levels (I, II, III) showed substantial
changes in velocity. However, the subjects with milder
impairment (Stage I) tended to make more improvement
than the subjects with moderate impairment (Stage II
and IIT). This trend was stronger for the change in gait
velocity (Fig. 2b). In this case, there was an inverse
relationship of the degree of improvement with the level
of disease severity, and the data demonstrated a signif-
icant linear correlation (P=0.004). Overall, it appears
that the subjects with PD in Stage III, and possibly Stage
II, were limited in their capacity to spontaneously gen-
erate increased velocity.

A more equal distribution of change during reaching
as compared to gait may be partially explained by
greater baseline impairment in the upper limb function
(P<0.0001) as revealed in a post hoc analysis of items
specific for the upper (20, 21, 22, 23, 24, 25) or lower (20,
22,26, 27, 29, 30) limb function on the Motor Section of
the Unified Parkinson’s Disease Rating Scale. However,
this does not explain why the change in gait velocity was
greater in mildly impaired subjects. One possible expla-
nation may be that for the “uncued” transfer testing in
this study, PD subjects with mild impairment are more
spontaneously able to use their new control strategy
(Think BIG), while PD subjects with moderate impair-
ment may require ongoing or sporadic cueing to transfer
their “bigness” to novel environments.

Discussion

The most significant finding of this study is that a single
focus on generalized training of amplitude in people
with PD resulted in faster upper and lower limb move-
ments (decreased bradykinesia). Velocity improvements
were most significant for the preferred speed condition
for both the discrete (point-to-point reaching) and
rhythmical (walking) tasks. During reaching, velocity
improvements occurred for the largest distances, where
velocity requirements are the greatest in both the pre-
ferred and as fast as possible speed conditions. During
walking in the preferred speed condition, velocity
improvements occurred by an increase in stride length
and not cadence. In contrast, during walking in the as
fast as possible speed condition, only the stride length
increased without a concomitant increase in velocity.
These velocity improvements are even more remark-
able given that PD subjects were tested at the peak of
their medication cycle and were tested without cues.
That is, testers gave no hints throughout the testing
session to focus on bigness (the training cue), and the



tasks were different from what the subjects practiced
during their training sessions. In contrast, other studies
have used a cue to improve one specific task and then
retested subjects on the same task, with and without the
cue (i.e., walk with long steps to improve gait, Lehman
et al. 2005; take large steps to maintain balance, Jobges
et al. 2004). Thus, even though they reported improve-
ments in the cued and uncued conditions, the subjects
were not required to extrapolate their “long steps” to
perform in a novel uncued condition.

The concurrent increase in the amplitude of reaching
and gait of this study could most likely be explained by
the increased muscle activation (height and duration) to
meet the force requirements for increased speed and
distance (Brown and Cooke 1981). Several changes in
muscle activation are associated with impaired speed—
distance scaling in PD, including inadequate burst
duration, reduced scaling of burst amplitude, magnitude
saturation, and temporal overlap of agonist and antag-
onist activity (Berardelli et al. 1986; Farley et al. 2004;
Hallett and Khoshbin 1980; Pfann et al. 2001). These
deficits are progressive, but it is not known if the type of
cue (amplitude vs. velocity), the amount of training, or
the timing of training after diagnosis have a differential
effect on the progressive features of muscle activation. In
the speech motor system, a case study of two individuals
with PD showed increased muscle activation in the lar-
yngeal muscles after amplitude-based training (think
loud) (Ramig et al. 2000). Similarly, for the limb motor
system, the subjects with PD increase ankle muscle
activation when walking with visual cues (Lewis et al.
2000). Future studies will examine the changes in EMG
burst characteristics that may arise after Training Big.

The other major finding of this study was that
improvements in amplitude and speed differed across
disease severity, and the greatest improvement occurred
in PD subjects with mild impairment (Stage I). While
most physical therapy efficacy studies have not included
Stage I subjects or subdivided subjects by disease
severity, one study did report a similar finding (Formi-
sano et al. 1992), suggesting that training capacity may
be a function of disease severity. In the case of Training
BIG, it is possible that mildly impaired subjects may be
able to make use of spontaneous, less effortful mecha-
nisms, as has been shown for Training LOUD/LSVT
(PET imaging, Liotti et al. 2003) and hence, they could
perform well on the uncued tasks of this study. On the
other hand, moderately impaired subjects (Stage II and
IIT) may need to consciously attend to bigness and re-
quire explicit cues, and hence their improvement in the
uncued tasks of this study was limited. Future studies
will focus on the differences in the allocation of atten-
tional resources for maintaining bigness during dual task
paradigms as well as test subjects performance on both
“over-trained”” and novel transfer tasks.

This study showed that mildly impaired subjects with
PD have the potential for bigger and faster movements;
yet, they do not use their full capacity to make normal
amplitude/velocity movements in everyday situations.

This pattern of early nonuse is especially relevant as
recent research in animal models of PD (6-OHDA-Ile-
sioned rats, MPTP-lesioned mice) has shown that inac-
tivity may actually contribute to degeneration (Tillerson
et al. 2002) and that the continuous practice and forced
use of impaired limbs prevent and/or reverse motor
impairments (Tillerson et al. 2001; Fisher et al. 2004).
Future studies will be needed for people with PD to
determine if early training to maximize and sustain a
person’s speed—amplitude scaling potential may slow
disease progression and reveal neurochemical correlates
of improved motor functioning.
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