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ABSTRACT: Although factors involved in maintaining gait independence can be predicted to some extent based 
on clinical experience, they have not been described scientifically or statistically, and it is difficult to predict the 
duration of retaining gait independence from clinical experience. Thus, we attempted the scientific and statistical 
extraction of factors determining the duration of retaining gait independence from UPDRS of movement disorders 
and prepared a calculation model to predict the duration using the extracted factors, aiming at applying it to plan 
physical therapy and life activities. Clinical diagnosis, rigidity, leg flexibility, and orthostatic hypotension were 
extracted as factors determining the duration of retaining gait independence. For physical therapists who predict 
the duration of retaining gait independence, plan physical therapy, and advise patients in life planning, accepting 
the clinical diagnosis made by medical doctors (MD) without question, the finding that the clinical diagnosis was 
included in the factors reconfirmed its importance. 
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INTRODUCTION 
 
It is very important to be able to 

present how long patients will retain gait 
independence and factors involved in 
prolonging it as much as possible for not only 
those with movement disorders, including 
Parkinson’s disease, but also persons taking 
care of them and physical therapists to plan 
physical therapy and life activities in the future. 
Factors maintaining gait independence can be 
predicted to some extent based on clinical 
experience, but they have not been described 

scientifically or statistically, and it is difficult 
to predict the duration of retaining gait 
independence from clinical experience. Thus, 
we extracted factors determining the duration 
of retaining gait independence in movement 
disorders from the Unified Parkinson’s Disease 
Rating Scale (UPDRS) both scientifically and 
statistically, and constructed a calculation 
model to predict the duration using the 
extracted factors, aiming at its application to 
plan physical therapy and life activities.  
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Fig.1  A prediction model of gait independence period by NNW 

Table 1  The factor which prescribes gait independence period by NNW 
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SUBJECTS AND METHOD 
 
The subjects were 22 patients with 

movement disorders undergoing physical 
therapy. There were 11 males and females, 
aged 71.3±9.5 years on average. The clinical 
diagnosis was progressive supranuclear palsy 
(PSP)1-3) in 7, corticobasal degeneration (CBD)4) 
in 8, multiple system atrophy-Parkinsonian 
(MSA-P)5) in 1, Parkinson’s disease with 
dementia (PDD)6) in 3, dementia with Lewy 
bodies (DLB)6) in 2, and Parkinson’s disease 
(PD)6) in 1. We constructed a Learning Internal 
Representation by Error Propagation of Neural 
Network (NNW)7), regarding the gender, age, 
clinical diagnosis, and measured UPDRS (Parts 
1, 3, and 4) as input variables, and the time 
(number of months) after the gait condition 
came to require assistance, i.e., the time 
(number of months) after the gait score of the 
Barthel Index (BI) decreased to “10” from “15”, 
as a target variable (BI was adopted, instead of 
UPDRS Part 2, for the evaluation of activities 
of daily living (ADL) as a parameter of the 
target variable), and extracted factors 
determining the duration of retaining gait 
independence. The duration was calculated 
using the duration-predicting model (Fig. 1) 
constructed through the above process.  

This study was performed in 
conformity with the Declaration of Helsinki 
after explaining its objective to and obtaining 
written consent from the subjects.  
 

RESULTS 
 

Factors determining the duration of 
retaining gait independence extracted from the 
constructed NNW were the clinical diagnosis, 
rigidity, leg flexibility, and orthostatic 
hypotension (Table 1). The mean duration of 
retaining gait independence (months) in the 22 
patients calculated employing the prediction 
model (Fig. 1) by disease was 65.3±24.3 months 
in 7 PSP patients, 44.4±14.2 months in 8 CBD 

patients, 24.1 months in one MSA-P patient, 
27.0±0.8 months in 3 PDD patients, 26.6±0.4 
months in 2 DLB patients, and 25.7 months in 
one PD patient (Table 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 
Of the extracted factors determining 

the duration of retaining gait independence in 
movement disorders, rigidity, leg flexibility, 
and orthostatic hypotension are easily 
understandable. The extrapyramidal system 
and cerebellar circuit are impaired in many 
movement disorders, and the autonomic 
nervous system is also influenced. Rigidity 
represents enhanced physiological muscle 
tonus induced by impairment of the 
cortico-basal ganglia loop, and patients lose 
their walking ability and readily fall due to the 
narrowing of the range of joint movement while 
walking and impairment of fine postural 
control. Regarding leg flexibility, impairment 
occurs due to rigidity associated with the 
impaired extrapyramidal system, but the 
balancing ability also declines due to reduced 
muscle coordination in disorder of the 
cerebellar circuit, leading to unstable gait. Of 
the diseases, DLB, PDD, and PD are Lewy body 
disease (LBD)6), in which the presence of Lewy 
bodies associated with α-synuclein abnormality 

Clinical diagnosis Number of subjects

Gait independence
period in a

calculation by NNW
(month±SD)

PSP 7 65.3±24.3

CBD 8 44.4±14.2

SND 1 24.1

PDD 3 27.0±0.8

DLB 2 26.6±0.4

PD 1 25.7  

Table 2  Several month average of gait 
independence by NNW 
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is suspected. In LBD, Lewy bodies, i.e., 
neurodegenerative regions, not only exist in the 
midbrain, basal ganglia, cerebral cortex, and 
sympathetic ganglion of the heart but also 
disseminate to the intermediolateral nucleus of 
the spinal cord (IML). This region is involved in 
autonomic nerve regulation, and it is 
understandable that orthostatic hypotension 
influences walking.  

The point to pay attention to is that 
clinical diagnosis was extracted as a factor 
determining the duration of retaining gait 
independence in movement disorders, 
indicating that the duration varies among 
clinical diagnoses. For physical therapists who 
predict the duration, plan physical therapy, 
and advise patients on life planning, accepting 
the clinical diagnosis made by MD without 
question, this finding reconfirms the 
importance of the clinical diagnosis. It does not 
mean questioning clinical diagnoses made by 
MD, but if the duration of retaining gait 
independence varies depending on the clinical 
diagnosis, actions taken based on acceptance of 
clinical diagnoses made by MD without 
question should be reflected, and physical 
therapists should carefully investigate the 
accuracy of the clinical diagnosis with regard to 
prediction of the duration of retaining gait 
independence in cooperation with MD.  

It should be thoroughly considered that 
an accurate clinical diagnosis leads to an 
accurate functional prognosis, and results in 
realistic life planning for patients. MD should 
not make a clinical diagnosis as their exclusive 
task or right. They should acquire necessary 
information from appropriate medical staff and 
cooperatively make an accurate clinical 
diagnosis, which optimizes treatment for 
patients. 
 

 
 
 
 

 
 

REFERENCES  
 
1． Albert ML, Feldman RG, Willis AL: The 

subcortical dementia of progressive 
supranuclear palsy. J Neurol Neurosurg 
Psychiatry 37: 121-130, 1974. 

2． Litvan I, Mangone CA, McKee A, et al: 
Natural history of progressive supranuclear 
palsy (Steele-Richardson-Olszewski 
syndrome) and clinical predictors of 
survival: a clinicopathological study. J 
Neurol Neurosurg Psychiatry 60: 615-620, 
1996. 

3． Steele JC, Richardson JC, Olszewski J: 
Progressive supranuclear palsy: a 
heterogeneous degeneration involving the 
brain stem, basal ganglia and cerebellum 
with vertical gaze and pseudobullbar palsy, 
nuchal dystonia and dementia. Arch Neurol 
10: 333-359, 1964. 

4． Rebeiz JJ, Kolodny EH, Richardson EP Jr: 
Corticodentatonigral degeneration with 
neuronal achromasia. Arch Neurol 18: 
20-33, 1968. 

5． Spokes EGS, Bannister R, Oppenheimer 
DR: Multiple system atrophy with 
autonomic failure: clinical, histological and 
neurochemical observations on four cases. 
Acta Neurol Scand 79: 214-222, 1989. 

6． NINDS Dementia with Lewy bodies 
information page. National Institute of 
Neurological Disorders and Stroke, 2010. 

7． Rumelhart DE: Learning internal 
representation by error propagation. 
Parallel distributed processing: 
Explorations in the microstructures of 
cognition 1: 318-362, 1986. 

 


