
Supported Treadmill Training for
Gait and Balance in a Patient With
Progressive Supranuclear Palsy

Background and Purpose. Impaired balance, gait disturbances, and
frequent falls are common problems in people with progressive
supranuclear palsy (PSP). This case report describes the use of a
modified body weight support treadmill training program to reduce
falls and improve the balance and gait of a patient with PSP. Case
Description. The patient was a 62-year-old man diagnosed with PSP. His
major problems were impaired balance and frequent, abrupt falls.
Methods. Physical therapy included walk training, balance perturba-
tion, and step training using body weight support with a treadmill.
Training sessions lasted 11⁄2 hours and occurred 3 days a week for 8
weeks. Fall incidence, balance, and gait were assessed before, during,
and after the program. Outcomes. The patient reported fewer falls
during and after training. Balance and gait improved after training.
Discussion. This case report is the first to report fall reduction,
improved gait, and improved balance following physical therapy for a
person with PSP. [Suteerawattananon M, MacNeill B, Protas EJ.
Supported treadmill training for gait and balance in a patient with
progressive supranuclear palsy. Phys Ther. 2002;82:485–495.]
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A
fter idiopathic Parkinson disease (PD), pro-
gressive supranuclear palsy (PSP) is the most
common degenerative form of parkinsonism,
although it is still a relatively rare neurologic

disorder.1 Pathologically, PSP is characterized by severe
degeneration of the brain stem (eg, red nuclei, substan-
tia nigra), diencephalon (eg, thalamic nuclei, subtha-
lamic nuclei), cerebellum (eg, dentate nuclei), and
other cortical areas. The incidence of PSP has been
reported to be about 3 to 4 per million per year.2–4 Most
patients have difficulty with balance, turning, getting up,
and sitting down as well as facial hypomimia, hypopho-
nia, slowness of movement, gait disturbance, sleep dis-
turbances, unexplained and abrupt falls, visual and
ocular disturbances, slurred speech, dysphagia, and
changes in personality.5 Unlike the shuffling, festinating
gait seen with PD, patients with PSP display a cavalier gait
(described as a swaggering gait) with usual stride lengths
and arm swing.

In advanced stages, patients frequently have postural
instability, a downward gaze, a frozen appearance with a
worried stare, and reduced neck extension. Patients tend
to lean and fall backward. The frequent and unex-
plained falls are a result of akinesia associated with axial
rigidity, vertical supranuclear gaze palsy, and impaired
postural reflexes. Eventually, patients develop anarthria
and become immobile and helpless. Dementia is often
present, but is mostly mild. Forgetfulness, an apathetic
appearance, and slow thinking are frequently seen in
clients with PSP.6

Management of PSP by antiparkinsonian medications
has remained disappointing. Dopaminergic medications
reduce the bradykinesia and rigidity in about one third
of the patients, but the benefit diminishes after a few
years.7,8 Partial therapeutic responses also have been
obtained by using dopamine agonists such as bromocrip-
tine or pergolide.9 Combinations of other antiparkinso-
nian medications have been of slight and unsustained
benefit in patients with PSP.10

In the initial stages, PSP is difficult to differentiate from
PD. Certain histopathological findings (eg, decrease in
striatal dopamine [D2] receptors, neurofibrillary tan-

gles, change in the striatal iron level) may contribute to
the differential diagnosis.11–13 About 4% of patients
initially diagnosed with parkinsonism are later found to
have PSP.9,14 Progressive supranuclear palsy is an uncom-
mon but increasingly recognized condition. Gait distur-
bances, postural instability, and falls are the common
problems that cause patients to seek rehabilitation;
however, few reports of effective rehabilitation for PSP
have appeared in the literature. Izzo et al15 reported a
program for a patient with PSP. Treatments included
limb coordination activities, fine motor activities, tilt
board balancing, and ambulation training to incorpo-
rate trunk flexion and rotation. At the end of the
program, the patient’s standing balance improved, and
she became independent in transfers and most activities
of daily living (ADL). Despite intensive training, the
patient’s gait continued to show lack of trunk and head
rotation. Although the training helped the patient to
ambulate independently and she felt safer ambulating
with a straight cane, her gait characteristics improved
little. The family reported more frequent falls and
increased difficulties in ambulation after discharge from
an 8-week rehabilitation program.

Another report9 concerned the rehabilitation of 2
patients with PSP. These patients were given an individ-
ualized exercise program to strengthen limb muscles,
improve range of motion of the trunk and extremities,
facilitate coordination of movements, and improve static
and dynamic standing balance. Although the patients’
gait and muscle strength improved, sudden loss of
balance and potential falls remained the primary
problems.

Treadmill training has been reported to be a beneficial
tool for gait training in many patients with neurological
disorders.16–22 By using a supporting harness system, a
person’s body weight is partially supported to facilitate a
more normal gait pattern. Studies have shown the effi-
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cacy of continuous training on a treadmill on gait
improvement in patients with spinal cord injury.23–25

Finch and Barbeau26 proposed that the postural stability
and balance required for gait in humans may be
regained by using a strategy of partial to full weight
bearing in combination with training on the treadmill
aimed at recovery of stepping mechanisms.

Recently, the application of treadmill training in
patients with PD was reported. Miyai et al27 used a partial
body weight support system and a treadmill to train 10
patients with PD. Using a crossover design, they studied
the functional changes after body weight support tread-
mill training for 4 weeks, compared with conventional
physical therapy for 4 weeks. Patients received 20%,
10%, and 0% support sequentially during each training
session. The treadmill speed increased as training pro-
gressed. The results showed that treadmill training with
body weight support produced greater improvement in
the ADL and motor performance scales of the Unified
Parkinson’s Disease Rating Scale (UPDRS), increased
gait speed, and reduced the number of steps in 10 m
compared with conventional physical therapy.

People with PD show reduced leg extensor muscle
activation28 and reduced electromyographic (EMG)
amplitudes of the gastrocnemius muscle.29 These deficits
may interfere with the ability of people with PD to
maintain body equilibrium during stance and gait. Body
weight support might compensate for these reductions,
thus permitting the development of balance and stabil-
ity. Furthermore, postural reflexes were improved in 4
out of 10 patients after body weight support treadmill
training.27 Extraneous muscular contractions are also
reduced with a body weight support system.30 Evidence
from EMG and kinematic recordings suggested that
body weight unloading on the treadmill reduced gait
asymmetry and induced the acquisition of a more nor-
mal gait.16,18

The purpose of this case report is to report an 8-week
rehabilitation program for a patient with PSP. We used
treadmill training with body weight support to attempt
to improve gait and balance for the purpose of reducing
falls.

Case Description

Patient and History
The patient was a 62-year-old man who was diagnosed
with PSP. He had slight truncal sway; a slightly stooped
posture of the head, neck, and shoulders; and a fixed,
staring gaze. He could walk without an assistive device
but sometimes carried a cane for better balance. His wife
reported frequent, backward falls at home but no epi-
sodes of freezing (a transient episode in which initiation

or continuation of walking is halted). Getting up from a
chair was difficult due to an inability to weight shift
anteriorly and inappropriate placement of the lower
extremities. His movement from standing to sitting was
characterized by abrupt falling into a chair. The patient
had some difficulty in judging distances and frequently
walked into objects. His speech was slurred and soft. He
could comprehend and respond to any command , but
he rarely started a conversation. Generally, his facial
expression and emotions appeared normal.

The patient’s wife reported that as early as 6 years before
his referral for physical therapy, some vague, unusual
behaviors began to occur. The patient would stand very
still behind his wife and stare over her shoulder while
she performed her chores. He had difficulty making
financial decisions, would not pay bills on time, and had
difficulty writing a check. He became depressed as a
result of reduced responsibilities and lower pay in his
employment. He was easily irritated and depressed when
something went wrong at home; however, his family
noticed no significant physical changes.

Five years previously, the patient started losing his bal-
ance and developed very slow movements. He experi-
enced falls while getting in and out of a car. The patient
took early retirement 3 years before his referral for
physical therapy, when he lost his teaching job because
of micrographia and slurred, quiet speech. Several
months after losing his job, his wife first consulted a
physician about his lack of motivation and initiative and
his reduced talking. He was referred to a neurologist and
underwent diagnostic tests, including magnetic reso-
nance imaging of his brain, blood tests, and psycholog-
ical tests. His wife noted that all tests were reported to be
normal.

According to his wife, approximately 2 years before
referral for physical therapy, the patient demonstrated
reduced facial expression and a kyphotic posture when
he was walking. He was diagnosed as having a neuropa-
thy and gait disorder and was referred to another
neurologist. The neurologist prescribed levodopa/car-
bodopa (Sinemet*), but did not diagnose PD. Amanta-
dine was added to his drug regimen shortly afterward.
Vitamin E and an anti-inflammatory drug also were
prescribed for his symptoms, but his falling became
serious and more frequent.

His wife continued to seek medical advice because his
symptoms were not improved by the medications. A
neurologist diagnosed him as having PSP just prior to his
referral for physical therapy. Written informed consent
was obtained from the patient before the training. The

* DuPont Pharma, PO Box 80723, Wilmington, DE 19880.
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protocol was approved by the Institutional Review Board
of Texas Woman’s University–Houston Center.

Examination

Cognitive Function
The Mini-Mental State Examination (MMSE) was admin-
istered. The MMSE is a questionnaire designed to mea-
sure cognitive performance. The test consists of 11
questions administered orally by the tester. The points
for each question are summed for a total score, with a
maximum score of 30. A score below 27 is considered
indicative of a mild cognitive deficit, and a score less
than 21 is considered indicative of a moderate deficit.31

The patient had an MMSE score of 27, suggesting no
cognitive deficit. Cognitive dysfunction has been found
to be associated with a poor rehabilitation outcome.32

Impairment Rating
The UPDRS was used to rate the patient’s impairment.33

The UPDRS consists of both interview and observational
tests and has subscales on mentation, ADL, motor behav-
ior, and complications of drug therapy, with higher
scores indicating greater impairment. The patient had a
total score of 47 out of 176 on the UPDRS while taking
antiparkinsonian medications. He had a score of 4 out of
a maximum of 16 on the subscales for mentation,
behavior, and mood. The patient’s score on the ADL
subscale was 19 out of a maximum of 52, suggesting mild
to moderate impairment reported by the patient in
speech, salivation, swallowing, handwriting, cutting food
and handling utensils, hygiene, turning in bed, falling,
freezing, walking, tremor, and sensory complaints. The
motor subscale comprised 14 items observed by the
examiner and included activities such as finger taps,
rapid alternating movements, and rigidity. His motor
behavior subscale score was 24 out of a maximum of 52,
also indicating mild to moderate motor involvement.
The complications of drug therapy subscale assesses
dyskinesias, dystonias, and clinical fluctuations, among
other complications. The patient experienced almost no
drug complications, as indicated by his subscale score of
1 out of 23. The patient’s score on the Hoehn and Yahr
Disability Scale was 3.0 (out of 5.0), indicating bilateral
disease with balance deficits.34 From 11 descriptors of
ADL on the Schwab and England Activities of Daily
Living Scale, ranging from 0% to 100%, the patient was
asked to select the item that best fit his function. He
selected 30%, which is described in the scale as “with
effort, now and then does a few chores alone or begins
alone. Much help needed.”33 Reliability35,36 and validi-
ty37 for the UPDRS are reported elsewhere.

Fall Report
The patient’s wife was asked to complete a questionnaire
concerning fall incidences for 2 weeks prior to the

training, during the 8 weeks of training, and for 2 weeks
after completing the training. The questionnaire con-
sisted of 5 open-ended questions related to the number
of falls, time of falls, activity while falling, and character-
istics of falls. A fall was operationally defined as an
unexpected event that resulted in the patient inadver-
tently resting on the floor, ground, or an object below
knee level, but that was not a result of a blow, loss of
consciousness, sudden onset of paralysis, or epileptic
seizure.38 We have no reliability values for fall report.

Mobility Tests
We used a timed 15.2-m (50-ft) walk, 360-degree turns,
the Get Up & Go Test, and a 5-step test for mobility
performance. The 15.2-m walk was taken from the
Physical Performance Test (PPT). The reliability of data
obtained with the PPT in patients with PD (rs�.92) and
the validity of data obtained with the PPT in elderly
people have been reported.39,40 The patient was timed
while walking at his fastest speed for 7.6 m (25 ft),
turning, and walking back 7.6 m.40 For 360-degree turns,
the patient was asked to turn 360 degrees as fast as
possible. The time (in seconds) was recorded. Timed
15.2-m walks (r �.99) and timed turns (r �.90) have
been reported to yield reliable measurements in subjects
with PD.40,41 The Get Up & Go Test is a timed test of
rising from a chair and walking a distance of 3 m,
turning, walking back to the same chair, and completely
sitting down. In a previous study,42 the test demonstrated
high test-retest reliability (r �.73–.99) and interrater
reliability (intraclass correlation coefficients [ICC]�.87–
.99) in subjects with PD. For the 5-step test, the patient
was timed while stepping up and back down a 10.2-cm
(4-in) step continuously for 5 times. The step test has
been reported to have high test-retest reliability (r �.95)
and interrater reliability (r �.99) in elderly subjects with
no known neuromuscular disorders.43 There are no
reliability values for this test in people with PSP. The
patient performed 3 trials of each test, and the average
for each test was used as definitive data.

Balance Measures
The Functional Reach Test (FRT) was used to evaluate
the patient’s forward stability.44 The patient stood
behind a line and was asked to reach as far forward as
possible while maintaining his balance. The distance of
the forward reach was measured along a yardstick fixed
to a wall that was placed at the level of the patient’s
acromion. The FRT has been used as a balance assess-
ment tool to evaluate the effectiveness of many interven-
tions, as a practical functional assessment of elderly
people, and as a predictor of falls,45 and it had good
test-retest reliability in individuals with PD (ICC�.84).40

To assess his balance on an unstable surface, the patient
stood without shoes on a square, medium-density, 12.7-
cm-width (5-in-width) foam pad, with his arms folded

488 . Suteerawattananon et al Physical Therapy . Volume 82 . Number 5 . May 2002



across his chest and eyes closed. He was timed until he
lost his balance or opened his eyes.46 From our labora-
tory, the test-retest reliability of data obtained with this
test in patients with PD was established (rs�.82). The
Berg Balance Scale was used to evaluate balance during
standing and sitting and while transferring. The Berg
Balance Scale consists of 14 items designed to rate
balance in sitting, standing, turning, and reaching for-
ward. Each item is rated from 0 to 4, with a maximum
score of 56, indicating independent or safe balance. A
rating of 0 means either assistance needed or unable to
perform task. A rating of 4 means either independent or
performing task safely.47 The patient’s initial score was
45/56, indicating diminished balance. The test-retest
reliability (ICC�.98) for the Berg Balance Scale in
patients with stroke was reported previously.48 There are
no reliability estimates for this scale in people with PSP.

Limits of Stability
The patient performed a limits-of-stability (LOS) test on
the Smart Balance Master.†49 The test was designed for a
subject to move a cursor from a center target into 8
targets without displacing his or her feet. The targets are
arranged in an ellipse that simulates the amount of
movement required for control of the LOS in forward,
backward, and sideward directions. Reaction time (in
seconds) indicates how fast a subject can reach arranged
targets. The faster the reaction time is, the better a
subject can move his or her center of gravity toward a
target within the base of support, which is the basic task
of balance. Reaction time includes the time to initiate
and to execute the tasks. Reliability of data obtained with
the LOS test on the Smart Balance Master was reported
elsewhere (r�.75).50 The reliability of data obtained with
the LOS test in patients with stroke also was reported
previously (ICC�.88).48 There are no published reliabil-
ity values for people with PSP.

Gait Measures
The patient was asked to walk independently at his
preferred speed in the middle of a 3-m instrumented
walkway (GAITRite system‡). The walkway contains an
array of 6 sensor pads encapsulated in a roll-up carpet
with an active area of 61 cm wide � 366 cm long. As the
patient ambulates independently across the walkway, the
system continuously scans the sensors to detect pressures
and transfers this information to the computer for
calculation of the temporal and spatial gait characteris-
tics. Measurements of gait speed, cadence, symmetry,
stride length, and other characteristics are recorded and
stored on the computer by the system. Two trials of the
test were performed, and the average for each gait
characteristic was recorded.51 The GAITRite system was

reported to have reliability and validity for measuring
spatial and temporal characteristics of gait. Reliability for
selected spatial and temporal parameters (ICC �.94)
and validity (ICC �.93) of data obtained with the
GAITRite system have been reported.52,53 There are no
reliability data for individuals with PSP. Pretraining gait
characteristics for this patient are reported in Table 2.

This battery of tests was used to provide a thorough
understanding of the patient’s problems. They provided
detailed information about his balance and gait deficits,
and they provided measurements of his responses.

Equipment

Treadmill
A Pacer Treadmill§ was used for the training. The
treadmill belt is about 335 cm (132 in) long and 46 cm
(18 in) wide. The unit is adjustable for inclination of the
walking surface and has variable speeds from 1.5 to 10
mph. Parallel handrails are attached to a front vertical
beam, on which a digital control panel is located.
Inclination, distance, speed, and time were displayed on
the digital control panel in front of the patient. Start and
stop buttons were easily controlled either by the thera-
pist or by the patient. An emergency stopping cord also
was attached to the control panel and could be easily
pulled by the patient for an emergency stop.

Unloading System
The unloading system (SOMA Incremental Weightbear-
ing System�) was used to support the body weight of the
patient. The system is an electronically controlled body
weight support system. The system allows unweighting
vertically either according to pounds or by percentage of
body weight. The harness, consisting of a wide thoracic
pad with 3 buckles, was aligned horizontally in front of
the patient. All horizontal attachment straps have Velcro
fasteners# that can be detached and adjusted easily and
quickly. Two vertical straps are attached to the harness to
connect to a steel bar that descends from the unloading
system. This harness can easily be applied to the patient
in either a sitting or standing position.

Intervention
The patient’s initial resting blood pressure and heart
rate were recorded at the beginning of each training
session. The patient’s body weight was obtained from a
scale to provide accurate support. The harness was then
securely applied to the patient and adjusted for his
comfort. The 2 vertical straps of the harness were

† Neurocom International Inc, 9570 SE Lawnfield Rd, Clackamas, OR 97015.
‡ CIR Systems Inc, PO Box 4402, Clifton, NJ 07012.

§ Healthcare Biomedical Services Inc, 7003 Woodway Dr, Ste 315, Waco, TX
76712.
� SOMA Inc, 10711 Burnet Rd, Ste 210, Austin, TX 78758.
# Velcro USA Inc, PO Box 5218, 406 Brown Ave, Manchester, NH 03103.
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connected to the descending steel bar of the unloading
system. A gait belt was also tightened on the harness after
the patient was completely secured on the unloading
system for safety purposes.

Each body weight support treadmill training session was
conducted for 11⁄2 hours and occurred 3 days a week for
8 weeks. The patient was trained using 2 strategies:
walking in different directions on the treadmill and
balance-perturbation step training on the treadmill.
Pretraining, midtraining, and posttraining assessments
were administered 1 day before the training, 1 day after
12 sessions (at the 4th week), and 1 day after 24 sessions
(at the 8th week), respectively.

Walking Strategy Training
Once the patient was on the treadmill, the harness was
adjusted snuggly, but comfortably, and 15% of the
patient’s body weight was supported with the harness
system. Miyai et al27 reported that the patients with PD in
their study felt most comfortable when walking with 20%
body weight support. Our subject reported, however,
that he was most comfortable at 15% body weight
support; therefore, 15% body weight support was
selected. To ensure the patient’s safety, he was guarded
by the therapist and given verbal cueing while walking.
He was asked to walk at his comfortable, self-selected
fastest speed in 4 directions: forward, backward, and
sideways both left and right. The most comfortable
treadmill speed was different in each direction. The
treadmill surface was level. The walking time for each
direction varied based on the therapist’s judgment and
the patient’s ability. The walking speed was started at 1.5
mph and increased up to 3 mph by increments of 0.1
mph until the patient’s fastest speed was determined.
The patient was able to walk at a speed of 3.0 mph while
walking forward, and at a speed of 1.5 mph while walking
backward and sideways. Each training session consisted
of walking forward at 3 mph for 5 to 7 minutes, walking
backward at 1.5 mph for 5 to 7 minutes, and walking
sideways with the left and right side leading at 1.5 mph
for 2 minutes each. A mirror was used to provide
feedback to the patient regarding his upright posture.
The patient sat down to rest between changing walking
directions, if needed. Figure 1 shows the patient walking
on a treadmill with the body weight support system. For
each training session, the patient stopped holding the
support as the session progressed.

Balance Perturbation and Step Training
For balance perturbation and step training, the patient
was given 0% unloading but was placed in the harness
system for safety and the prevention of falls. He was
asked to stand on the treadmill belt and hold the
handrails. When he was ready, the therapist disturbed
his balance by suddenly turning the treadmill on

(speed�1.5 mph) and letting him walk either 5 to 6
steps or until he recovered from swaying and regained
his balance in an erect posture. The treadmill was then
turned off (speed�0 mph). After a few times holding
the handrail, the patient was asked to fold his arms
across his chest to provide more challenge to his bal-
ance. These perturbation activities occurred while the
patient stood facing forward, backward, and both right
and left sideways on the treadmill. The number of trials
in each position per session varied based on the patient’s
ability and the therapist’s judgment. Consequently, most
training consisted of about 15 to 20 perturbations in the
forward and backward directions and 10 to 15 perturba-
tions for both left and right sideways positions.

Outcomes
The patient was followed for 12 weeks (2 weeks prior to
training, 8 weeks of training, and 2 weeks after training).
He fell 8 times during the 2 weeks prior to training.
During the 8 weeks of treadmill training, the patient fell
2 times, and he fell 3 times during the 2 weeks after
training ended. Usually, the patient fell while reaching
out for something when standing and leaning diagonally
with his feet together. His wife reported, however, that
after he started the training, he could take a few steps
backward to prevent himself from falling backward. In
addition, she reported that he became more active
during the training. The patient also reported that he
had become more confident in walking through a
doorway. He could walk through without having to stop
and hold the doorframe, as he did before training.

The mobility and balance results are presented in Table
1. After 4 weeks of training, the timed 15.2-m walk,
turning 360 degrees, and 5 step tests decreased to 2.78 s,
0.29 s, and 1.44 s, respectively. These improvements
continued until the end of the 8-week program. His
performance on the Get Up & Go Test did not change
after 8 weeks.

Static balance in reaching forward, which was measured
by the FRT, increased 3.63 cm (1.43 in) after the patient
completed the program. While standing on foam, the
patient was able to remain balanced 7 seconds longer
after he completed the training. The Berg Balance Scale
score increased from 45 at the beginning of the training
to 49 at midpoint, but it decreased to 47 by the end of
the program.

For the LOS balance test, reaction time decreased after
the program in 7 out of 8 directions: forward, right
forward, right, right backward, left backward, left, and
left forward (Fig. 2). Backward reaction time did
improve compared with that measured before the train-
ing. The decreased reaction times were accompanied by
more target acquisitions.
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Gait characteristics were measured only at the beginning
and at the end of the 8-week program. Temporal and
spatial measurements are presented in Table 2. Gait
speed increased from 73.40�10.47 cm/s to 100.05�0.78
cm/s after 8 weeks of treadmill training. The number of
steps changed from 5.50�2.12 steps to 6.00�1.41 steps,

while the cadence increased from
93.75�3.04 steps/min to 109.85�
0.50 steps/min. Step length of the left
and right legs improved from 43.76�
5.52 cm and 49.66�4.32 cm to 51.27�
0.44 cm and 58.74�3.80 cm, respec-
tively. These gait measurements were
comparable to the norms of men with
no known neuromuscular disorders of
a similar age. Gait speed, cadence, and
step length in men with no known
neuromuscular disorders, aged 60 to
69 years, ranged from 87.9�13.3 to
127.7�12.4 cm/s, from 93�11.4 to
117�8.4 step/min, and from 56�3.5
to 65�3.6 cm, respectively, for slow to
normal walking.54 Step time of the left
leg and the right leg decreased from
0.66�0.03 and 0.62�0.01 seconds to
0.56 and 0.54 seconds, respectively, as
measured after completion of the pro-
gram. Stride length of the left and
right legs increased from 94.80�
11.57 cm and 90.49�8.70 cm to
110.92�0.89 cm and 109.16�5.76 cm,
respectively, by the end of the pro-
gram. The heel-to-heel base of support
of the left and right legs increased
from 12.96�2.12 cm and 12.91�
0.29 cm to 17.94�1.12 cm, and 17.50�
0.85 cm, respectively, by the end of the
program.

Discussion
Only 2 case studies reporting rehabili-
tation of 3 individuals with PSP are
available in the literature. Both studies
used conventional exercise programs
to investigate the effect of rehabilita-
tion on strength, ambulation, coordi-
nation, and balance.9,15 Our case
report is the first to report fall reduc-
tion, improved gait, and improved bal-
ance following intervention with an
individual with PSP. Falls and poor
balance are serious symptoms in PSP,
with up to 63% of the patients with
PSP reporting these 2 problems.55

No literature reports exist of the use of
treadmill training for patients with PD to improve bal-
ance and reduce the number of falls, and no reports
exist of use of this intervention with individuals with PSP.
We trained a patient with PSP on the treadmill with a
partial body weight support system 3 times a week for 8
weeks. The 3-times-a-week training was similar to the

Figure 1.
Patient walking on the treadmill with a harness support system: (A) forward walking, (B)
backward walking, (C) back walking (arms folded), (D) sideways walking (left side leading).
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protocol used by Miyai et al.27 Their results showed
improvement during a 4-week intervention and no ten-
dency to reach a plateau. Based on the literature, body
weight support treadmill training often lasted up to 12
weeks in patients with neurological disorders.56,57 Taken
together, we selected 8 weeks for our training. We used
the treadmill as a means to impose gait and balance
training strategies, such as having the patient walking
forward, backward, and sideways. As each session pro-
gressed, the patient was encouraged to walk without
handrail support. Sudden balance disturbance was con-
ducted by suddenly turning the treadmill on and off
while the patient stood on the treadmill belt facing in
different directions. This training strategy was intended
to simulate loss of balance situations encountered in
daily life, while providing a safe environment for the
patient to practice protective stepping strategies in order
to regain his balance.

Following the training, the patient’s
balance improved, as indicated by the
reduced number of falls, the timed
foam standing test, and the FRT. Mobil-
ity improved as demonstrated by
increased gait speed, decreased timed
turns, and decreased timed 5 steps. The
Get Up & Go Test includes 3 major
components of mobility: sitting to
standing, walking, and turning. This
test did not show change, perhaps
because the test may not be sensitive
enough to detect changes in each of
the 3 components. Another explana-
tion could be that the training did not
address the potentially important defi-
cits in sequencing motor subtasks into a
complex motor plan. Impairments in
motor sequencing are common occur-
rences in people with lesions of basal
ganglia structures. The timed tests of 2
components (walking and turning)
improved, however, as indicated by
increased gait speed and decreased
timed turning. The instrumented
walkway measured gait speed over
approximately 3 m, a distance compa-
rable to that of the Get Up & Go Test.
In addition, our training did not target
sit-to-stand ability. Task-specific reha-
bilitation for patients with PD has
been recommended.58 Sit-to-stand
training may be necessary to improve
this function. Perhaps a lack of change
in the sit-to-stand task incorporated
into the Get Up & Go Test masked any
change in gait speed and turning. This
is supported by the improvement in

the 15.2-m walk that included 2 components: walking
7.6 m and turning. That is, the 15.2-m walk was able to
detect the combination of both changes; however, task-
specific measures that target individual functional tasks
may be more sensitive to interventions in patients with
PD.40

Balance, as measured by the Berg Balance Scale, was
slightly improved after the training. The scale is a
measure of balance in sitting, standing, transfer, reach-
ing, and turning. During the initial examination, the
patient did quite well in performing these activities,
which was indicated by the highest score for most items
of the scale. Therefore, the total score did not change
much after he completed the training, even though his
balance did improve, as indicated by the FRT, the LOS
test, and the reduction of falls. The result was also to be
expected because the training was not task specific for

Table 1.
Means and Standard Deviations of Pretraining, Midtraining, and Posttraining Assessments of
Mobility and Balance

Measure

Pretraining Midtraining Posttraining % Changea

(Pretraining to
Posttraining)X SD X SD X SD

15.2-m (50-ft)
walk (s) 17.02 1.45 14.24 2.50 12.63 0.64 25.791

360° turn (s) 4.98 0.44 4.69 0.70 4.50 0.61 9.641

Get Up &
Go Test (s) 12.80 1.74 15.74 1.04 13.50 2.47 5.472

5-step test (s) 16.23 2.18 14.79 0.18 14.51 0.75 10.601

Functional Reach
Test (cm) 23.93 3.35 24.97 1.93 27.51 6.53 14.971

Foam standing (s) 9.60 1.45 16.98 2.49 17.28 0.38 80.001

Berg Balance
Scale 45/56 49/56 47/56 4.441

a1�improvement in performance, 2�decrease in performance.

Figure 2.
Reaction time (in seconds) from the limits of stability (LOS) test.
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balance in each of the activities on the scale. The Berg
Balance Scale also has been reported to have low sensi-
tivity for people who fall.59 This scale may not have been
the best instrument for detecting balance problems in
this patient.

Balance also was measured by the reaction time during
the LOS test from the Balance Master System. Reaction
time for 7 directions improved after the treadmill train-
ing. These changes were expected because the balance
perturbation training was task specific and targeted
forward, backward, and sideward balance retraining.

Spatial gait characteristics, including step length, stride
length, and heel-to-heel base support, improved after
training. Temporal gait characteristics, including step
time, gait speed, and cadence, also improved. The gait
speed and cadence improvements are similar to those
reported after 4 weeks of body weight support treadmill
training in 10 patients with PD.27 These investigators
reported that gait speed increased about 17% and that
the number of steps increased approximately 12% after
4 weeks of the treadmill training. Our data showed that
gait speed improved approximately 26%, whereas the
number of steps improved 8% after the 8-week treadmill
training. Even though our gait measures reflect only
pretraining and posttraining changes, our mobility mea-
sures suggest that walking, turning, and stepping contin-
ued to improve with training from 4 to 8 weeks. This
provides some evidence that gait improvements may not
reach a plateau after only 4 weeks of training and that
the optimal length of intervention may be longer than 4
weeks. In addition, the gait speed of the patient at the
end of training was in the range for normal for elderly
people without neuromuscular impairments.54 The opti-
mal length of training for the most beneficial outcomes,
however, still needs to be determined.

Many patients with PD or parkinsonian syndromes expe-
rience freezing problems. Up to 48% of individuals with
IPD reported freezing at the initiation of walking,
whereas 23% reported freezing during walking.60 Forty-
five percent of patients with PSP reported freezing.61

Our patient did not complain of episodes of freezing;
therefore, we did not measure freezing before and after
intervention. We did attempt to include step initiation as
part of our training protocol. The treadmill was started
at a speed of 1.5 mph while the patient was facing
backward on the treadmill in the harness but with zero
body weight support. The patient was asked to walk a few
steps backward on the treadmill, then to step off the
back of the moving belt to stand on the floor. Our
patient was not able to master the task of stepping off the
treadmill, but simply slid off instead. We did not con-
tinue to use this in his training; however, for patients
with PD who experience freezing during step initiation,
this step training might be helpful.

Our patient’s outcomes suggest that the treadmill might
be an appropriate apparatus to reduce falls and improve
balance and mobility in patients with PSP. On the
treadmill, patients are required to undergo much more
intensive training than when they walk on level ground.
With a body weight support system, extraneous muscular
contractions are reduced.30 In previous studies,16,18 EMG
and kinematic recordings demonstrated that treadmill
and body weight unloading reduce gait asymmetry as well
as induce the acquisition of motor patterns similar to
normal gait. In addition, the repetition and consistent
nature of walking on a moving treadmill might help the
patient to repeatedly practice the movement under con-
trolled conditions. By having a support system, the patient
is also relieved from the fear of falling. Repeated practice
may encourage more automatic responses, thus improving
balance and reducing falls. Furthermore, challenging bal-
ance by practicing without holding the handrails may

Table 2.
Means and Standard Deviations of Pretraining and Posttraining Gait Variables as Documented on the GAITRite System

Gait Variablea

Pretraining Posttraining

X SD X SD

Speed (cm/s) 73.40 10.47 100.05 0.78
Cadence (steps/min) 93.75 3.04 109.85 0.50
No. of steps 5.50 2.12 6.00 1.41

Left Leg Right Leg Left Leg Right Leg

X SD X SD X SD X SD
Step time (s) 0.66 0.03 0.62 0.01 0.56 0.54
Step length (cm) 43.76 5.52 49.66 4.32 51.27 0.44 58.74 3.80
Stride length (cm) 94.80 11.57 90.49 8.70 110.92 0.89 109.16 5.76
Heel-to-heel base of support (cm) 12.96 2.12 12.91 0.29 17.94 1.12 17.50 0.85

a The patient walked at his preferred speed.
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enhance the patient’s balance development. The mecha-
nisms for the improvements observed need to be explored.

This case report has many limitations. A controlled study
is needed to conclude that this new training strategy is
an effective method to decrease falls in patients with PSP
and impaired balance. The method for decreasing falls
needs to be compared with other interventions such as
strength and flexibility training. A longer follow-up
period of the fall incidence is needed to determine the
length of carryover for the training. Other factors, such
as the extent and chronicity of lesion, functional level of
subjects, age, the use of harness support, varying tread-
mill speed, and the use of handrail support also need to
be investigated.
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21 Waagfjörd J, Levangle PK, Certo CME. Effects of treadmill training
on gait in a hemiplegic patient. Phys Ther. 1990;70:549–560.

22 Schindl MR, Forstner C, Kern H, Hesse S. Treadmill training with
partial body weight support in nonambulatory patients with cerebral
palsy. Arch Phys Med Rehabil. 2000;81:301–306.

23 Gardner MB, Holden MK, Leikauskas JM, Richard RL. Partially
body weight support with treadmill locomotion to improve gait after
incomplete spinal cord injury: a single-subject experimental design.
Phys Ther. 1998;78:361–374.

24 Wernig A, Nanassy A, Müller S. Laufband (treadmill) therapy in
incomplete paraplegia and tetraplegia. J Neurotrauma. 1999;16:719–726.

25 Behrman AL, Harkema SJ. Locomotor training after human spinal
cord injury: a series of case studies. Phys Ther. 2000;80:688–700.

26 Finch L, Barbeau H. Hemiplegic gait: new treatment strategies.
Physiotherapy Canada. 1986;38:36–41.

27 Miyai I, Fujimoto Y, Ueda Y, et al. Treadmill training with body
weight support: its effect on Parkinson’s disease. Arch Phys Med Rehabil.
2 000;81:849–852.

28 Dietz V, Zijlstra W, Prokop T, Berger W. Leg muscle activation
during gait in Parkinson’s disease: adaptation and interlimb coordina-
tion. Electroencephalogr Clin Neurophysiol. 1995;97:408–415.

29 Dietz V, Leenders KL, Colombo G. Leg muscle activation during
gait in Parkinson’s disease: influence of body unloading. Electroencepha-
logr Clin Neurophysiol. 1997;97:400–405.

30 Gazzani F, Bernardi M, Macaluso A, et al. Ambulation training of
neurological patients on the treadmill with a new Walking Assistance
and Rehabilitation Device (WARD). Spinal Cord. 1999;37:336–344.

31 Folstein M. Mini-Mental State: a practical method for grading the
cognitive state of patients for the clinicians. J Psychol Res. 1975;12:189–198.

32 Diamond PT, Felsenthal G, Macciocchi SN, et al. Effect of cognitive
impairment on rehabilitation outcomes. Arch J Phys Med Rehabil.
1996;75:40–43.

33 Fahn S, Elton RL, Members of the UPDRS Development Committee.
Unified Parkinson’s Disease Rating Scale. In: Fahn S, Marsden CD, Calne
DB, Goldstein M, eds. Recent Developments in Parkinson’s Disease. Vol 2.
Florham Park, NJ: Macmillan Health Care Information; 1987:153–164.

494 . Suteerawattananon et al Physical Therapy . Volume 82 . Number 5 . May 2002



34 Hoehn M, Yahr MD. Parkinsonism: onset, progression, and mortal-
ity. Neurology. 1967;17:427–442.

35 Louis ED, Lynch T, Marder K, Fahn S. Reliability of patient
completion of the historical section of the Unified Parkinson’s Disease
Rating Scale. Mov Disord. 1996;11:185–192.

36 Richards M, Marder K, Cote L, Mayeux R. Interrater reliability of
the Unified Parkinson’s Disease Rating Scale motor examination. Mov
Disord. 1994;9:89–91.

37 Martinez-Martin P, Gil-Nagel A, Morlan Gracia L, et al. Unified
Parkinson’s Disease Rating Scale characteristics and structure. Mov
Disord. 1994;9:76–83.

38 Lach HW, Reed AT, Arfken CL, et al. Falls in the elderly: reliability
of a classification system. J Am Geriatr Soc. 1991;39:197–202.

39 Reuben DB, Siu AL. An objective measure of physical function of
elderly outpatients: the Physical Performance Test. J Am Geriatr Soc.
1990;38:1105–1112.

40 Suteerawattananon M, Protas EJ. Reliability of outcome measures in
individuals with Parkinson’s disease. Physiotherapy Theory and Practice.
2000;16:211–218.

41 Schenkman M, Cutson TM, Kuchibhatla M, et al. Reliability of
impairment and physical performance measures for persons with
Parkinson’s disease. Phys Ther. 1997;77:19–27.

42 Morris S, Morris ME, Iansek R. Reliability of measurements
obtained with the Timed “Up & Go” Test in people with Parkinson
disease. Phys Ther. 2001;81:810–818.

43 Ousley L. Falls in the Elderly: Interrater and Test-Retest Reliability of
Physical Performance Tests and Screening Tools Used to Assess Community-
Dwelling Elders [professional paper]. Houston, Tex: Texas Woman’s
University; 2000.

44 Duncan PW, Weiner DK, Chandler J, Studenski S. Functional reach:
a new clinical measure of balance. J Gerontol. 1990;45:M192–M197.

45 Fleming KC, Evans JM, Weber DC, Chutka DS. Practical functional
assessment of elderly persons: a primary-care approach. Mayo Clin Proc.
1995;70:890–910.

46 Horak FB, Nashner LM, Nutt JB. Postural instability in Parkinson’s
disease: motor coordination and sensory organization. Neurology Report.
1988;12:54–55.

47 Berg K, Wood-Dauphinee S, Williams JI, Gayton D. Measuring
balance in the elderly: preliminary development of an instrument.
Physiotherapy Canada. 1989;41:304–311.

48 Liston RA, Brouwer BJ. Reliability and validity of measures obtained
from stroke patients using the Balance Master. Arch Phys Med Rehabil.
1996;77:425–430.

49 Balance Master Operators Manual. Clackamas, Ore: NeuroCom Inter-
national Inc; 1993.

50 Brouwer BJ, Culham EG, Liston RA, Grant T. Normal variability of
postural measures: implications for the reliability of relative balance
performance outcomes. Scand J Rehabil Med. 1998;30:131–137.

51 GAITRite Operating Manual. Clifton, NJ: CIR Systems; 2000.

52 McDonough AL, Batavia M, Chen FC, et al. The validity and
reliability of the GAITRite system’s measurements: a preliminary
evaluation. Arch Phys Med Rehabil. 2001;82:419–425.

53 Cutlip RG, Mancinelli C, Huber F, DiPasquale J. Evaluation of an
instrumented walkway for measurement of the kinematic parameters
of gait. Gait Posture. 2000;12:134–138.
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