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The Effect of Intensive Mobility Training on the Gait Performance of 
Patients with Parkinson’s Disease

Purpose: The novelty of intensive mobility training (IMT) is its intensive nature. The purpose of this study was to examine the 
effect of IMT in patients with Parkinson’s disease. 

Methods: Subjects participated in 3 hours/day for ten days (30 hours). Gait parameters of interest were the timed up-and-go 
test, 10-m walk test, and step length and width. Measures were made at baseline before commencement of training (pre-training) 
and at the end of the two-week training period (post-training).

Results: Seven patients with Parkinson’s disease enrolled in the study. On average, participants are able to tolerate 141 minutes 
of activity during a 180-minute session. Results showed that, after 10 consecutive days training, subjects significantly improved for 
all parameters; the timed up-and-go test, 10-m walk test, and stride length and step width.

Conclusion: This study’ s findings show that gait properties in patients with Parkinson’s disease can be improved with IMT.
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I. Introduction 

Patients with Parkinson’s disease (PWP) have difficulty 

performing transitional movements in which the center of 

mass moves outward from the base of support; a common 

feature in such tasks as sit to stand and gait.1-3 Impairments 

in the typical anticipatory postural adjustments are considered 

a major pathophysiological mechanism underlying impaired 

gait function and balance in PWP.1,4 Previous studies 

report that PWP exhibit a reduction in propulsive forces, 

reduced step length and velocity. These impairments can be 

explained one mechanism multi-factorial including deficits in
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neurologic and neuromuscular function.1,3,5 Of note, recently 

research reported a significant positive correlation between 

lower extremity strength and gait initiation.6 Thus treatment 

methods that enhance lower extremity strength may have 

important therapeutic effects.

Intensive mobility training (IMT) is an intervention concepts 

for neurological functional recovery engaging in massed 

practice and intensive training. The novelty of IMT is the 

intensive nature of the intervention.7 Subjects participate 

in several hours of therapy, over multiple consecutive days, 

with limited rest periods. This approach differs greatly from 

traditional rehabilitation approach in which the therapy is 

served fewer days per week, and the daily dosage per session 

is less.8,9 

IMT concepts borrows that of repetitive, task-specific 

training from other therapies that have been successful 

in engaging in these motor control principles, such as 

constraint-induced movement therapy.10 Although many 
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studies have used longer training durations, when intervention 

time is calculated in terms of hours, the majority offer only 

between 12 and 30 hours of therapeutic intervention.11,12 

Therefore, having the participants perform a shorter, more 

intense 10-day intervention does not significantly alter 

the amount of time (in hours) that the participant engages 

in rehabilitation. Thus, IMT provides similar intensity (30 

hours) in a shorter, more intense intervention period. This 

is consistent with the principle of massed practice, wherein 

a therapeutic. Intervention is offered in a concentrated, 

and condensed, manner, with shorter rest breaks between 

sessions.13 But there are still some problems unsolved, and the 

key issue is how to define the exact dose, on which patients 

could acquire the best efficacy. To best promote motor 

learning, the participant must be active and be provided with 

opportunities for repetitious task-specific practice.

Recent domestic physical therapy studies on PWP have 

focused on the balance function by virtual reality training.14 

Domestic studies on intensive training have primarily focused 

on middle-aged women and patients with diabetes, stroke, or 

orthopedic deficiencies.15-20 

A previous study reported that high intensity exercises 

can be safely performed by PWP and improve muscle force 

production, reduce bradykinesia, and increase walking speed 

and quality of life.21 To address body weight–supported 

treadmill-based locomotor training (BWSTT) additional 

components of walking mobility, principles of intensive and 

task-specific training in a massed practice are included 

in IMT, with a focus on addressing deficits in balance and 

mobility. Therefore, the purpose of this exploratory pilot 

investigation was to examine the effects of IMT on gait 

function in PWP. 

II. Methods

1. Subjects

Subjects included 7 PWP who were admitted to rehabilitation 

centers in the Republic of Korea. Subjects were included if 

they had been diagnosed within 5 years prior to this study 

and could walk independently for 10 m. All patients were in 

a stable cardiovascular condition and functional ambulatory 

category ≥1. Inclusion criteria included a Modified Hoehn 

and Yahr stage of 1-3. Subjects were excluded if they had 

previously severe orthopedic or other disorders causing gait 

limitations or if they had severe cognitive deficits such that 

they could not follow instructions. Participants were enrolled 

in this study after providing informed consent in accordance 

with the ethical standards of the Declaration of Helsinki. All 

enrolled subjects obtained a written prescription from their 

primary care physician that provided consent to perform 

exercise. Participants were instructed to take their medications 

according to the normal regimen and were tested while on 

medication. None of the participants indicated any wearing off 

of medication during the test period.

2. Experimental methods

1) Training methods

The IMT was scheduled to be performed 3 hours per day for 

10 consecutive weekdays for a total of 30 hours. During each 

3-hour session, the initial hour was dedicated to body weight 

support treadmill training (Litegait®, Mobility Research, 

AJ, US.), with the remaining 2 hours of therapy focused 

on interventions intended to improve balance (1 hour) and 

activities designed to develop coordination and strength within 

task-specific contexts (1 hour). For example, if a participant 

was having difficulty with walking due to the inability to 

eccentrically control knee flexion, then eccentric quadriceps 

strengthening activities would be incorporated with emphasis 

on closed kinetic chain functional activities. The intervention 

was provided and supervised by a physical therapist. The 

intervention was similar to that of previous study, wherein 

specific examples of the intervention are described.7,22

The goal was to limit rest time to approximately 30 m / 

3h session. To standardize the amount of therapy, the 30 

minutes of rest was divided evenly between each hour of 

therapy, resulting in a target goal of each 50 minutes of gait, 

balance, strength and coordination activities, for a total goal 

of 150 minutes/day intervention.

2) Measurement

Subjects were evaluated before commencement of training 

(pre-training) and at the end of the four-week training 
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period (post-training). The following tests were performed: 

the timed up-and-go test, a 10-m walk test, step length, 

and step width. The timed up-and-go test records the time 

to get up from a chair (height, 50 cm), move 3 m away, turn 

around, move back to the chair, and sit down; this test was 

repeated three times, and the mean time was recorded.23 In 

the 10-m walk test, patients were required to walk, wearing 

shoes that aided their maximum speed, along a 14-m long 

walkway, with an extra 2 m for acceleration and deceleration. 

For step length and step width measurements, pens were 

attached to the subject’s heels during the 10-m walk test 

to mark and record heel contact points. Both step length 

and step width were quantified by calculating the mean 

distances over the 10-m distance, consisting of at least 15 

steps. Measurement and training were performed on separate 

days to eliminate possible short-term effects of the training 

programs. 

3. Statistical analysis

Statistical analysis was performed using SPSS 18. Descriptive 

and analytical statistics are presented. Pre- and post-

training for all variables were analyzed by Wilcoxon’s signed 

rank test to determine the effect of training. Descriptions of 

the groups are presented as mean and standard deviation. 

Statistical significance was set at p < 0.05.

III. Results

The subjects’ demographic and clinical features are 

summarized in Table 1. The participants had an average age 

of 68.2 years, Modified Hoehn and Yahr stage of 2.3, and 

time since diagnosis of 34.2 months . All enrolled patients 

completed the training program and their data were analyzed.

All descriptive measurements were summarized in Table 2. 

The timed up-and-go test, 10-m walk test, stride length, 

and step width all improved significantly after training (p < 

0.05). 

IV. Discussion

Recent researches have reported that exercise is beneficial 

to PWP with respect to improvement of physical function, 

health related quality of life, strength, balance, and gait 

speed.1,22,23 Results of exploratory pilot investigation suggest 

that IMT may be an effective modality to optimize the gait 

function. This intensive training may help reduce the risk of 

falls.7 Further, the PWP in this study successfully completed 

a ten-day IMT program without complication or injury and 

demonstrated significant improvements in muscular strength.

Though improved by using levodopa, the output of the 

postural adjustments remains impaired in PWP relative 

to controls.1,24 Overall, the improvements in gait outcome 

measures indicate that all PWP were able to make modest 

gains in each of the target areas of gait outcomes following 10 

days of IMT. Herein, we concluded that IMT can significantly 

improve the posterior displacement during their gait, 

potentially secondary to improved neuromuscular activation 

patterns. The observed improvements in the resulting from 

IMT are comparable to those reported in the literature 

resulting from external cueing, levodopa therapy, or deep 

brain stimulation surgery.21,24,25

As the relearning of motor tasks is dependent on the 

repetitive practice of specific tasks,26,27 IMT employs various 

activities to address relearning. With BWSTT,28-30 the goal is to 
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Group Subjects

Gender (n)

Male 5

Female 2

Time after Parkinson’s disease (months) 34.71 ± 18.27

Modified Hoehn and Yahr stage 2.3 ± 0.7

Age (years) 68.18 ± 12.32

Pre-test Post-test

Time up and go (s) 17.01 ± 2.71 15.23 ± 2.86*

10-m walking test(m/s) 0.17 ± 0.27 0.23 ± 0.63*

Stride length (m) 0.89 ± 0.28 1.01 ± 0.12*

Step width (m) 0.22 ± 0.32 0.18 ± 0.71*

Table 1. General characteristics of subjects

Table 2. Changes of accuracy at the pre- and post-tests in three groups

*p<0.05; Significant difference between pre- and post-test.
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provide a safe, task-specific environment to improve the task 

of walking. However, specificity of practice during BWSTT 

concentrates primarily on the repetitive practice of linear gait 

and focuses less on balance, transitional movements, full 

weight bearing, and nonlinear gait, all of which are essential 

components of walking mobility. 

Stride length and velocity are both reduced in PWP when 

compared to age-matched healthy adults,1 In this study, 

IMT resulted in important improvements in both parameters. 

These findings are hypothesized to result from a combination 

of the following mechanisms: the greater propulsive force 

production by the swing limb and greater ability of the hip 

flexors to swing the limb. These results are consistent with 

a previous report which suggested that strength may be 

associated with postural control.6,31,32

While methodological differences prevent direct comparisons 

between studies, our results are comparable to the 

improvements in gait velocity following progressive resistance 

training and enhanced step length and step velocity resulting 

from bilateral deep brain surgery.31,33 The subjects in this study 

improved their gait speed by 0.06 m/s which is consistent with 

a meta-analysis on improved gait performance in progressive 

resistance training following a physical therapy intervention 

as well as resistance training.31,32 Further, this increase are 

comparable to the proposed threshold for small meaningful 

change, 0.05 m/s, amongst both healthy older adults and 

those with mobility limitations.34 Similarly, the increase in 

stride length observed in our subjects (0.13 m) was exceed to 

the finding in the meta-analysis (0.06 m). 

Step width parameter was improved in this study. One 

possible reason may be that IMT was closed to the normal foot 

trajectory of the subjects. Step width is generally regarded to 

be related to balance control. IMT in the present study was 

sufficient to improve balance. Further studies are needed to 

investigate the effectiveness of IMT for improving balance.

Our findings suggest that IMT is a feasible and viable 

therapeutic option for PWP and that participants are able 

to tolerate an average of 141 minutes of activity during a 

180-minute session. Factors such as pain, fatigue, and 

required rest were used as indices of the participants’ ability 

to tolerate this IMT. Rest time was primarily based on 

participant’s request for a break, diminished ability to 

perform tasks due to observed fatigue, or safety issues (e.g., 

marked rise in blood pressure).

Cross-sectional studies have repeatedly demonstrated 

reduced trunk and lower extremity strength in PWP.35,36 

Exercise training has been shown to be a safe and effective 

modality to improve both physical functioning and quality of 

life in these patients.22,23,35,37 The large increases in muscular 

strength, 57-76%, generally meet or exceed most previous 

investigations which identified statistically significant 

improvements in both leg extension and leg flexion.21,35,38 

Future investigations should further explore the physiological 

adaptations, either increased central drive or peripheral 

neuromuscular efficiency, of strength improvements in PWP. 

Another limitation is that the researchers failed to collect data 

for the 6MWT for PWP, information that would be helpful 

for creating a full picture of the effect of the intervention. 

Furthermore, the findings could be influenced by experimenter 

bias because the interventionist collected daily self  reports 

of fatigue and pain. Finally, the reported improvements may 

not represent actual meaningful changes since this was a 

case series. Despite the limitations, the findings of this study 

suggest that IMT is feasible for these participants and further 

investigations are warranted to determine the overall effects 

of the intervention, optimal schedule intensity, and duration 

required to support improved gait function through repetitive 

practice.
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