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Effects of heel-up during gait initiation in patients with Parkinson’s disease 
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ABSTRACT 

The purpose of this study was to investigate the effects and factors of 
heel-up during gait initiation in patients with Parkinson’s disease (PD). Six patients 
with PD participated in this study. Subjects stood under heel-up conditions with 0 cm, 
2 cm and 4 cm, initiated steps forward at their own pace. The center of mass (COM), 
the joint angle of the lower extremities, the step length, the reaction vertical forces and 
the electromyograms of the low extremities during gait initiation were measured. In 
the results of this study under heel-up condition with 4 cm compared with 0 cm, the 
COM displacements during standing were significant shifted to anterior-superior, the 
term from the onset of vertical force to heel-off of the swing leg during anticipatory 
postural adjustments (APA) was significantly shorter and the distance from the 
heel-off to foot-contact of the first step was significantly longer. We suggest that mild 
patients with PD shift COM to the side of the swing leg easily during APA and the first 
step length in order to the heel-up. 
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Abstract: This study is to investigate the speech rates in individuals with PD and figure out their characteristics of 
temporal aspects. 11 individuals with PD and 9 normal individuals participated in this study. Each participant was 
asked to read a passage “The North Wind and The Sun” in Japanese. The entire passage was recorded and 
acoustically analyzed by PC software (Kay-Pentax Multi-Speech3700). The duration of speech and pauses was 
measured based on the spectrogram. Articulatory parameters of PD group and controls were statistically compared. 
No significant difference in overall speech rate was found between PD patients and controls. However, the 
variability was apparent in the speech rates within the sentence in the PD group, which indicated their 
characteristic of speech rhythm and timing organization. Since the speech rate in PD is a complicated 
phenomenon, the acoustical analysis is thought to be important for individuals with PD. 
 
Key words: Parkinson’s disease; speech disorder; speech rate  
 

Introduction 
 

Parkinson’s disease (PD) is a neurodegenerative 
disorder caused by progressive loss of dorpaminergic 
neurons, mainly in the substantia nigra pars compacta1. 
The essential problem in PD is lack of the ability to 
automatically perform acquired motor plans2. The 
classic features of parkinsonism are tremor at rest, 
muscle rigidity, bradykinesia, and postural instability3. 
In addition to the most cardinal symptoms, many 
patients develop a distinctive alternation of speech 
described as hypokinetic dysarthria1. The label 
“hypokinetic” derives from the notion that decreased 
range of motion in the speech mechanism is presumed 
to be the primary factor contributing to the speech 
disorder in PD4. The following speech elements are 
distinctive of speakers with PD: monopitch, 
monoloudness, loudness decay, increase of rate in 
segments, increase of rate overall, reduced stress, 
inappropriate silences, short rushes of speech, 
repeated phonemes2.   
 Hypokinetic dysarthria is the only dysarthria for 
which rate may be faster than normal4. Speech rate is 
a measure of the amount of speech which is typically 
expressed in units such as words per minute or 
syllables per second. The components of speech rate 

are articulation time and pause time. Articulatory rate 
in syllables per second (syllable/second) is calculated 
by dividing the number of syllables produced by 
articulation time in seconds5. Pause time refers to the 
accumulation of pause duration over the course of the 
speech sample that is silent or nonspeech noise, such 
as inhalation6. 

Given the fact that articulation time and pause time 
determine overall speaking rate, it is expected that 
both factors contribute to the perceptual impressions 
of speaking rate6. Speakers with PD tend to be 
perceived to talk with an accelerated speech rate6. 
However, there are some studies that showed no 
significant difference in speech rate between PD 
patients and healthy controls5,7. Tjaden and Wilding 
(2011) reported that the longer pause durations for 
speakers with PD compared to controls, which 
indicated that speakers with PD devoted a greater 
proportion of speech rate to pausing7. 

There have been several studies that refer to the 
speech rates in speakers with PD, but the similar 
studies in Japanese are hardly found. The purpose of 
this study is to investigate the speech rates in speakers 
of Japanese with PD and compare their temporal 
characteristics to healthy controls. The hypothesis of 
this study is that the speech rates in PD group would 



relatively be varied among the participants whereas 
the speech rates in healthy controls would resemble to 
each speaker. 

  
Methods 

  
Eleven (5 females, 6 males, mean age: 71.7 years; 

range: 62-80 years) patients diagnosed by neurologists 
with idiopathic PD and 9 normal individuals (3 males, 
6 females, mean age: 53.2 years; range: 43-65years) 
participated in this study. The mean duration from the 
time when the diagnosis was given to the time the 
recording was taken place is 7.27 years (range: 5-9 
years). None of the participants had significant 
psychiatric or cognitive dysfunction that could 
interfere with the measurements. Participants with PD 
were taking a variety of symptomatic medications, but 
had not received surgical treatment for their disease. 
At the time of recording, speakers with PD were in 
their on state on stable dopaminergic medication.    

Participants were audio-recorded in a quiet room 
while reading a passage “The North Wind and The 
Sun” in Japanese. The acoustic signal was transduced 
using commercial audio software (Kay-Pentax 
Multi-Speech3700) and a high quality microphone 
(Shure Beta57A) through an analog-digital signal 
converter (Roland Edirol UA-4FX) and was digitized 
at a sampling rate of 44kHz directly to computer hard 
disk.  

One sentence (“Suru-to Tabibito-wa Kitakaze-ga 
fukeba fukuhodo gaitou-o shikkarito karada-ni 
kuttsuke mashita” = 41syllables) was clipped out of 
the passage and acoustically analyzed. Speech rate 
was measured using the combined waveform and 
digital spectrographic displays. For each speaker, a 
variety of measures were obtained including duration 
(second), length (number of syllables), and speech rate 
(syllables/sec). Pause characteristics of interest 
included the total number of pauses and pause 
duration (second). Speaking rate (syllables/second) 
and speech/pause ratios were calculated for each 
speaker. Speaking rate was calculated by tabulating 
the total number of syllables for the clipped sentence 
and dividing by the total duration of reading. 
Speech/pause ratios were defined as the proportion of 

sentence reading time devoted to articulation time. 
 For comparison of mean between the articulatory 
parameters of PD patients and controls, nonparametric 
Mann-Whitney-test for independent sample was used 
(p>.05). 

 
Results 

 
 The results of the speech rate (syllables/sec), the total 
duration of pause (sec), and speech/pause ratio in PD 
group and controls are all summarized in Table 1. A 
scattergram of speech rate in both group are shown in 
Figure 1.There were no significant differences 
between both groups in any of those speech 
parameters. However, when taking a close look at the 
data we obtained, we found that there was a great 
variety of overall duration of pause in the PD group, 
which was not found in the control group. This 
finding may suggest that the great variety of pause 
duration is one of the speech characteristics produced 
by individuals with PD. A scattergram of the overall 
pause duration in both group are shown in Figure 2.  
 

Discussion 
 

Although this study did not find significant 
differences in speech rate between PD patients and 
healthy participants, we found that total pause 
duration in PD group apparently varied in the course 
of reading a sentence.  

The great variety of pause duration shown in this 
study could be one of the speech characteristics 
produced by individuals with PD. Also in previous 
studies, pause duration in speakers with PD exhibited 
various5,7. In the study of Tjaden and Wilding5, 
speakers with PD exhibited a relatively greater 
proportion of speech rate to pausing. In the study of 
Skodda and Schlegel7, on the other hand, PD patients 
exhibited reduced pause duration in the relation to the 
total speech time in a sentence and within polysyllabic 
words. It has been said that patients with PD have 
difficulties concerning the steady performance of 
speech and non-speech utterances which are 
characterized by specific changes of speech pauses 
and articulatory acceleration in the course of reading1.     



Timing studies including measuring pause duration 
as well as measuring speech rate is considered to be 
important, as measuring speech rate may not 
sufficiently be sensitive to the differences in speech 
timing for individuals with mild to moderate 
dysarthria compared to healthy controls5.  

We also should have considered the gender-related 
characteristics of speech rate in this study. Skodda and 
Schlegel7 suggested with their data that a 
gender-specific pattern of pauses in healthy controls 
independent from age, with female participants 
fulfilling longer and more frequent pauses with in 
polysyllabic words, possibly indicating a more 
accurate style of articulation in females. Additionally, 
female PD patients showed a lesser tendency to 
accelerate articulation rate in the course of the reading 
task. This gender-related difference in articulation 
parameters underscore the need for adequate sample 
size and the necessity of an age- and gender-matched 
control group to obtain significant data7. 

Rate control, in the form of a slower-than-typical rate, 
has long been used as a clinical approach for 
improving intelligibility in dysarthria. However, some 
speakers with dysarthria may not improve their speech 
intelligibility when using a slower-than-typical rate5. 
In the absence of strong practical data to guide clinical 
decisions as to whether the clients will benefit from 
rate control, the precise evaluation of their own speech 
rate and their performance in controlling their speech 
rate is recommended to determine candidacy for rate 
control.        

Speech rate in PD patients is a complex phenomenon. 
Some of the discrepancies which have been described 
in the previous studies may be attributed to the small 
sample size, the lack of an appropriate age- and 
gender-related control group and the different speech 
samples used7. Assuming an identical 
pathophysiological mechanism for speech rate and 
motor deficits of limb and body movements in PD, 
one would suggest a correlation between UPDRS 
motor score and articulation rate7. Bradykinesia and 
reduced movements of the articulatory apparatus have 
been shown to produce and "undershooting" of 
articulatory gestures7. It would hypothetically be 
expected that cognitive and mental dysfunction to 

contribute equally to this variability. Although we did 
not test the effects of dysfunctional auditory feedback, 
executive function and motivation, these factors 
cannot be excluded in the interpretation of the results. 
Therefore, the physiology and pathophysiology of 
speech rate in PD requires the further investigation. 
Since it is presumed that measurement of speech rate 
could be a useful tool for the monitoring disease 
progression7, longitudinal studies should also be taken 
place at regular intervals. 
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TABLE 1. Summary of results of all speech parameters in PD group and control group (P=PD, N=control) 
 gender age speech rate pause duration speech/pause ratio 

P1 M 74 6.19 1.28 4.17 
P2 M 80 6.18 0.76 7.72 
P3 M 76 5.87 1.76 2.97 
P4 M 62 6.15 0.98 5.81 
P5 M 63 7.58 0.47 10.51 
P6 M 72 5.31 1.25 5.18 
P7 F 79 6.27 1.1 4.95 
P8 F 64 5.61 0.46 14.89 
P9 F 68 5.45 1 6.52 
P10 F 74 6.6 0.08 76.63 
P11 F 77 6.05 0.76 7.92 

Mean 71.73 6.11 0.9 13.39 

 gender age speech rate pause duration speech/pause ratio 
N1 M 50 5.86 1.35 4.19 
N2 M 51 6.21 1.26 4.32 
N3 M 65 6.27 1.59 3.11 
N4 F 43 5.76 0.83 7.58 
N5 F 54 5.94 1.12 4.48 
N6 F 50 6.49 1.24 6.18 
N7 F 61 5.86 0.88 3.96 
N8 F 62 6.04 1.41 5.06 
N9 F 43 6.25 0.73 7.99 

 Mean 53.22 6.06 1.16 5.21 
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Abstract 
The patient was  a 69-year-old woman with 
Parkinson disease, who developed visuospatial 
cognitive dysfunction such as `The floor is 
distorted’ or ‘ The ceiling is waving’ in the 
second year of onset. Cognitive  rehabilitation 
was started from the first week, and 
Rivastigmine patch was started from the 6th 
week of hospitalization. After 5weeks of 
cognitive rehabilitation, TMT-B score improved.  
After 4 weeks of treatment using Rivastigmine, 
BIT score, ADAS replication task, and TMT-A 
score improved. Cognitive rehabilitation 
improved excecuive dysfunction alone, and 
Rivastigmine patch combination improved 
visuospatial constructive dysfunction further, 
which led improvement of ADL.   
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Abstract  

 We evaluated quantitatively non-motor 

function  (cognitive dysfunction and 

emotional dysfunction) and motor 

dysfunction (cerebellar ataxia, spasticity, and 

rigidity) of 21 patients with hereditary 

spinocerebellar ataxia (SCA1 4, SCA2 3, 

SCA3 11, SCA6 3), and statistically analyzed 

the correlation between these factors by using 

Spearman’s rank correlation. e decided  

r>0.5 as correlated.  JSS- irritability 

correlated with ADAS-total, 

ADAS-construction, and category fluency. 

SARA total score correlated with TMT-A, 

TMT-B, and ADAS-construction. These 

results suggested that irritability correlates 

spasticity and powers of construction, and 

that anxiety correlates spasticity and visual 

memory disturbance, and that cerebellar 

ataxia correlates power of construction and 

executive dysfunction.  
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