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Introduction: Parkinson Disease (PD) is a degenerative and progressive disorder of the 
central nervous system. It results from degeneration of Substantia Nigra pars compacta (SNc) 
of the Basal Ganglia (BG). Gait disturbances in PD patients generally get worse over time. The 
underlying mechanism of gait disturbances in PD has not been elucidated yet.

Methods: In this study, we tried to analyze changes in walking performance under both single- 
and dual-task conditions in people with PD compared to healthy subjects. To this end, the 
participants’ trunk acceleration signals were recorded under dual-task (counting the stride 
number while walking) and single-task (walking without performing any other secondary 
tasks) conditions.

Results: The healthy subjects counted the number of their strides correctly; however, 85% 
of the patients made glaring errors in counting. Then variances of Stride Time Interval (STI) 
signals were calculated for each participant. STI signals of the patients had a higher variance 
than that of the healthy subjects in the dual-task condition. Separating the two groups in a dual-
task condition is easier. Therefore, we think that the disease sate can be detected in early stages. 
It is thought that counting is performed independent of walking.

Conclusion: PD affects the function of BG that leads to motor timing dysfunction. So, it seems 
that timing in motor tasks is disrupted while timing in cognitive tasks is not. Therefore, perhaps 
inconsistency between the two clocks (motor-tasks and cognitive-tasks clocks) is the main 
cause of dual-task interference in patients’ gait.
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1. Introduction

arkinson's Disease (PD) is a degenerative and 
progressive disorder of the Central Nervous 
System (CNS), which results from degenera-
tion of Substantia Nigra pars compacta (SNc) 
of the Basal Ganglia (BG). The real cause of 
this destruction is still unknown with no de-

finitive treatment. Unfortunately, there are not enough di-
agnostic or effective screening tools in order to identify the 
patients in early stages of PD. In fact, approximately about 
50% to 80% of SNc neurons have already been damaged, 
when PD has been diagnosed. It is believed that early diag-
nosis and treatment of PD can slow down the progression 
and postpone the severe stages of the disease (Aarsland, 
Brønnick, Larsen, Tysnes & Alves 2009).

PD mainly affects the motor system. Gait disturbances in 
PD patients are due to motor system disorders that generally 
get worse over time. These abnormalities are characterized 
by bradykinesia, muscle rigidity, asymmetry of the left and 
right parts of the body, abnormal rhythmicity, decreased 
force generation, and abnormal scaling of pace length. 

PD negatively affects gait parameters such as step length, 
stride length, speed, cadence, double support time and so on 
(Brown, de Bruin, Doan, Suchowersky & Hu, 2009). Since 
postural imbalance and rigidity are cardinal symptoms of 
PD and are shown in gait disorders, gait analysis may be 
crucial for the PD diagnosis. It is important to point out that 
the underlying mechanism of gait disturbances in PD has 
not yet been fully elucidated. 

Several studies have been conducted to analyze the gait 
disturbances in PD patients since 1980s (Carson, Butch-
er & Carson 1980). Sarbaz et al. studied the frequency 
variations of Stride Time Intervals in people with PD (De 
Nunzio, Grasso, Nardone, Godi & Schieppati, 2010). 
Also, some studies have explored the chaotic features of 
gait in PD and proposed some quantitative models for 
gait disturbances that can be effective in early diagnosis 
of the disease (Factor & Weiner, 2007; Foltynie, Brayne, 
Robbins  & Barker, 2004; Hausdorff, 2007). 

Hausdorff (2009) investigated gait disturbances in people 
with PD and found statistical differences in stride behavior 
between healthy subjects and patients with PD. Claimed 

Highlights 

• The body’s biological clock drives various physical and mental activities throughout the body. 

• Parkinson disease disrupts the body clock that leads to motor timing dysfunction.

• Presumably, there are two distinctive body clocks (motor tasks and cognitive tasks clocks) that lose their synchrony 
in disease states. 

• The inconsistency between cognitive and motor tasks clocks discriminates between healthy subjects and patients. 

• This inconsistency can be used as an adjacent theory in the diagnosis of the Parkinson disease in its early stages. 

Plain Language Summary 

Parkinson Disease (PD) is a degenerative disorder of the Central Nervous System (CNS) that mainly affects the mo-
tor system. Gait disturbances are common motor disorders in PD. According to some researchers, the body’s internal 
biological clock drives various physical and mental activities throughout the body and PD affects the functions of the 
body clock that leads to motor timing dysfunction. Since the cognitive abilities of the brain are less affected by PD, 
we can assume that there are two clocks (motor tasks clock and cognitive tasks clock) that lose their synchrony in 
disease states. As the disease progresses, the inconsistency between these two clocks gets worse. It is postulated that 
this inconsistency is the main cause of gait disturbances. To test this hypothesis, we studied and compared PD patients 
and age-matched healthy subjects. They were instructed to walk and count the number of strides taken while walking. 
We observed that the healthy subjects counted the number of their strides correctly, whereas 85% of the patients made 
apparent errors in counting the stride numbers. It seems that counting (that is a cognitive task) is performed indepen-
dently of walking (that is a motor task). Based on our study results, we think that PD can be detected in its early stages 
by this method

P

Sarbaz, Y., et al. (2019). Stride Numbers in Parkinsonian Gait. BCN, 10(3), 269-279.

http://bcn.iums.ac.ir/


Basic and Clinical

271

May, June 2019, Volume 10, Number 3

that rhythmic auditory stimulation can improve the speed of 
gait, swing time, and stride length (Hausdorff, Lowenthal, 
Herman, Gruendlinger, Peretz, & Giladi, 2007).

It was also shown that dual-tasking is impaired in pa-
tients with PD (Jones et al.,2011; Joundi, Brittain, Green, 
Aziz & Jenkinson 2012; Kelly, Eusterbrock, & Shum-
way-Cook; 2012). Extensive studies have investigated 
dual-task performance during walking in patients with 
PD (Knutsson 1972; Lord, Howe, Greenland, Simpson, 
& Rochester, 2011; Meck, Penney & Pouthas, 2008). 
O'Shea et al.(2002), compared the walking patterns of 15 
patients with PD and 15 healthy subjects under single-
task and two dual-task (a cognitive and a motor second-
ary task) conditions. 

The participants were asked to walk at their self-select-
ed speed in each condition. For the secondary motor and 
cognitive tasks, coin transference and digit subtraction 
were implemented. The results revealed that gait pat-
terns were exacerbated under both dual-task conditions 
(Mera et al., 2013). 

In 2014, Stegemöller’s research group examined the im-
pact of cognitive performance on gait spatiotemporal pa-
rameters. In this study, 35 patients with PD participated. 
They walked barefoot along a 12-m walkway at their pre-
ferred speed while simultaneously counting backward from 
a 3-digit number by 3’s. Based on the results, dual task re-
duced gait speed and stride length and also led to an incre-
ment of gait variability (Morris, Iansek, Smithson & Hux-
ham, 2000). Similar studies have found the same results, 
too (Okuno et al., 2008; O'Shea, Morris & Iansek, 2002). 

Based on the previous studies, gait is disturbed during 
dual-task walking in people with PD. However, no sig-
nificant attention has been paid to the cause of dual-task 
interference during gait. In our previous study (Perbal et 
al., 2005), we tried to present a clinical gait-test protocol 
and its potential value for separating patients with PD 
from healthy subjects. In the current study, efforts were 
made to analyze gait disturbances under single-task and 
dual-task conditions. Finally, based on the clinical obser-

vations, an explanation will be proposed for the cause of 
dual-task interference during gait. 

2. Methods

In our previous study, we designed a protocol for gait 
data acquisition, in which the participants walked in an 
“8-shaped path” for 3 minutes and counted the number 
of strides taken while walking, and we recorded their 
acceleration data. The study included 7 healthy subjects 
and 7 patients with PD (Perbal et al., 2005). As larger 
sample size yields more reliable results with greater pre-
cision, we increased the number of participants and re-
peated the study. Also, in order to understand the effects 
of the dual-task intervention on gait performance of the 
patients with PD, the participants’ trunk acceleration sig-
nals were recorded under single-task (walking without 
counting) condition. 

The current study included 20 male patients with PD, 
able to walk without any help and 18 age-matched male 
healthy subjects. The patients should not take any drug 
8 hours before initiation of the test. This helped us to 
fully determine the effects of the disease on the patients’ 
behavior and prevented drug effects on the symptoms. 
Falling or Freezing of Gait (FOG) was not present in the 
patients. The stage of gait disturbances in the studied pa-
tients was between 1 and 3. The severity of illness was 
determined by an expert physician, according to Hoehn 
and Yahr scale (Aarsland et al., 2009).

Table 1 presents the characteristics of the participants. 
The designed device for measuring the Stride Time In-
tervals (STI) included a three-axis acceleration sensor 
(ADXL303) that could measure the trunk acceleration 
of the participants (Perbal et al., 2005; Plotnik, Dagan, 
Gurevich, Giladi & Hausdorff, 2011). The accelerom-
eter outputs were digitized at a sampling rate of 256 Hz. 
Then, an AVR microcontroller sent the acceleration data 
to a wireless RF transmitter. The RF receiver was con-
nected to a PC to relay the recorded signals to the PC via 
AVR and FT232 chip. In order to record the acceleration 
signals, the transmitting part of the device was placed on 
the participant’s waist, in a midline position. 

Table 1. The characteristics of the participants

Healthy Subjects (n=18)Patients (n=20)Characteristics

5559Age, y

-1.7±0.6Hoehn and Yahr stage

The data are presented as Mean±SD.
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The participants were instructed to walk at their nor-
mal speed in an “8-shaped path” (between 2 chairs with 
a distance of 2 meters from each other) for 3 minutes 
and count the number of strides taken while walking 
(dual-task condition). An observer also counted the par-
ticipant’s stride number, simultaneously. They did the 
same test after resting (at least 3 minutes) without count-
ing or performing any other cognitive tasks (single-task 
condition). Comparing the STI signals of some healthy 
subjects (under-single and dual-task condition) showed 
they had similar stride behavior under both conditions. 
Therefore, the rest of the healthy subjects did not per-
form the second test.

MATLAB was used to process the recorded signals, in 
order to extract STI signals, by detecting the peaks of the 
acceleration raw signals. Indeed, the time between every 
other peak was considered as one Stride Time Interval. 
For example, the time between the first and the third peak 
was the first stride of the left foot and the time between 
the second and the fourth peak was the first stride length 
of the right foot. The transmitter part of the device was 
placed on the participant’s waist, in a midline position. It 
should be noted that there was no need to find the exact 
position of all participants’ bodies to place the transmit-
ter. Since time intervals between two consecutive peaks 
of the acceleration signals are considered, minor posi-
tioning differences between the subjects’ bodies do not 
affect the acceleration signals. 

By this method, all participants’ STI (right foot and 
left foot) signals were extracted. The patients’ signals 
showed great stride-to-stride fluctuations, while small 
variations were observed in healthy subjects’ STI sig-
nals. After evaluating the behavior of STI signals, it 
has been realized that there may be differences between 
the variances of STI signals of the patients and healthy 
subjects. Therefore, the variances of STI for the left and 
right foot of each subject were calculated. 

After extracting variances of STI signals, we intended 
to know whether or not the differences between healthy 
subjects and PD patients are significant. Thus, we 
used the following statistical analyses. To test whether 
these distributions (healthy subjects and patients) are 
significantly different from each other, we performed 
a two-sample Kolmogorov-Smirnov test on each pair 
of distributions. Thereafter, 1-way Analysis of Variance 
(ANOVA) was applied to compare STI variances be-
tween healthy subjects and PD patients. This was done 
in order to determine if there were any significant dif-
ferences between the mean values of the two groups 
(healthy subjects and PD patients). In the following, 

we used the Tukey-Kramer method for doing post hoc 
comparisons of healthy subjects’ and patients’ mean 
results to more precisely determine the differences be-
tween the groups. 

3. Results

At this stage, the number of strides reported by the par-
ticipants was compared and the observer’s. The healthy 
subjects counted the number of their strides correctly 
(error of less than 1%). Whereas, 85% of the patients 
made glaring errors in counting the stride numbers. 
Where there was more than 20% difference between the 
reported number by the participant and the observer, this 
was recorded as a glaring error. 

Figure 1 a, shows a healthy subject’s raw (without any 
filtering) acceleration signal over time under the dual-
task condition. Figure 1 b, is presented at a shorter time 
scale in order to more clearly show the acceleration sig-
nal behavior.

Figure 2 shows the STI variances of healthy subjects, 
along with STI signals of patients under single-task con-
dition. The vertical axis shows the right STI variance and 
the horizontal axis shows the left STI variance. Figure 3 
represents the STI variances of healthy subjects, along 
with STI signals of patients under dual-task condition. 

In order to separate healthy subjects from patients with 
PD (under dual-task condition), the variance space was di-
vided into two distinct (healthy and diseased) sections in 
the Figure 3 by a straight line with the following equation:

y=f(x)=-x+0.15

It is worth mentioning that the selected classifier in this 
study is a linear space divider. This has divided the space 
of the healthy and diseased state with the presented rela-
tion. This classifier is simple and elementary. It has been 
presented only to show significant differences between 
the groups. It is clear that more powerful classifiers such 
as artificial neural networks or support vector machines 
will increase the accuracy of this screening. Table 2 pres-
ents the results of the classifier. 

Based on the two-sample Kolmogorov-Smirnov test, 
the healthy subjects and patients with PD were found 
to be significantly different from each other at the sig-
nificance level of α=0.001. Table 3 presents P values in 
1-way ANOVA test. Post hoc analysis results are shown 
in Figures 4 and 5. 
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As the results demonstrated, dual task revealed statisti-
cally significant differences between the healthy subjects 
and patients with PD. In the final stage, the patients’ 
STI signals under single-task and dual-task conditions 
were compared. Figure 6 shows the STI variances of the 
patients with PD under the single-task condition, along 
with STI signals of patients with PD under dual-task 
condition. ANOVA results had a P value of 0.08. Also, 
post hoc analysis result is shown in Figure 7. 

Of course, we didn’t expect to perform the secondary 
task that could precisely screen patients under dual-task 

and single-task conditions. Counting the stride num-
bers exacerbates gait disturbances. It should be noted 
if healthy subjects and patients with PD are compared 
under single- and dual-task conditions, significant dif-
ferences between healthy subjects and patients under 
the dual-task condition are observed when compared to 
the single-task condition, as seen in the post hoc results 
(Figure 5). As a result, performing such a cognitive task 
makes screening of the patients with PD simpler and 
more effective. 

Figure 2. STI variances for healthy subjects and patients with PD under single-task condition™
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Figure 1. Raw acceleration signal over time

a. A healthy subject’s raw acceleration signal over time; b. A healthy subject’s raw acceleration signal over time in a shorter time scale.
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Table 2. Accuracy, sensitivity and specificity values of the classifier

Measures of 
Classifier Accuracy Specificity Sensitivity

Result 92.10% 100% 85%

Table 3. One-way ANOVA P-values for STI variances of healthy subjects and patients with PD

P for STI Variances

Healthy subjects and patients with PD (single-task condition) 0.048

Healthy subjects and patients with PD (dual-task condition) <0.01

Figure 4. Post hoc analysis results for healthy subjects and patients with PD under single-task condition

Figure 3. STI variances for healthy subjects and patients with PD under dual-task condition
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4. Discussion

Walking is a highly complex motor process that is reg-
ulated by the brain. Much remains to be elucidated con-
cerning the neural mechanisms underlying movement 
control in the brain. CNS diseases can cause problems 
with the control of movements. Such diseases to some 
extent help us better understand the movement control 
mechanisms. Each disease affects particular areas of the 
brain; hence, destruction of that particular area reveals 
its role in the control of the movement. 

PD is a degenerative disorder of the CNS that mainly 
affects the motor system. Gait disturbances in PD are due 
to motor system disorders that generally get worse over 
time. The underlying mechanism of gait disturbances in 
PD has not been determined yet. It is believed that early 
diagnosis and treatment of PD can slow the progression 
of the disease, and as a result, can postpone the severe 

stages of the disease. In the present study, attempts were 
made to evaluate the behavior of people with PD and 
propose an explanation for the cause of gait disturbanc-
es in order to achieve a better understanding of human 
movement control mechanisms. If the internal clock 
function will be specified, we hope this idea be helpful 
in early diagnosis of PD. 

We proposed a new protocol for gait data acquisition in 
an “8-shaped path” in our previous study (Pradhan et al., 
2010). The participants counted their stride number while 
walking. The results clearly showed its potential value for 
separating patients with PD from healthy subjects. In the 
current study, we tried to increase the reliability of the re-
sults by increasing the sample size (20 patients with PD and 
18 healthy subjects) and investigating the effects of dual-
task interference on gait performance. To this end, in this 
study, the healthy subjects and patients with PD were asked 
to walk in an “8-shaped path” for 3 minutes and count the 

Figure 5. Post hoc analysis results for healthy subjects and patients with PD under dual-task condition

Figure 6. STI variances for patients with PD under the single-task condition and patients with PD under dual-task condition
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number of strides taken while walking. The patients did the 
same test after resting, without counting or performing any 
other cognitive tasks. 

Then, the participants’ trunk acceleration signals were 
recorded while they walked. STI signals were extracted 
from the acceleration signals. Next, variances of STI 
signals were calculated and considered as features. Sta-
tistical analyses showed that counting the stride num-
ber improves the reliability of screening patients out 
of healthy subjects; however, there were no significant 
differences between the patients under dual-task and 
secondary task conditions. It means that counting does 
not necessarily alter gait performances in patients but af-
fects the variance and increases the differences between 
patients and healthy subjects. Therefore, it is helpful in 
separating healthy subjects from patients. An interest-
ing point is that the healthy subjects counted the number 
of their strides correctly; however, most of the patients 
made glaring errors in counting the stride numbers. To 
our knowledge, few studies have been conducted on this 
topic. It seems that this study may describe the reason for 
dual-task interference in the patients. 

Here, the main unanswered questions are as follows: 
what the causes of dual-task interference in the patients 
are, why patients manifested worse gait performance un-
der the dual-task condition, and why patients make er-
rors in counting the strides number. 

Based on the clinical observations, there is a significant 
difference between cognitive performance (counting the 
number of strides) of the healthy subjects and patients 
with PD. The body’s internal biological clock influences 
various physical and mental activities throughout the 

body. It also facilitates synchronization of movements 
and stabilizes walking. Various disorders may affect per-
formances of the internal clock, including motor control, 
cognitive performance, alertness, mental health, and me-
tabolism (Pradhan et al., 2010). 

Joundi et al. showed that Basal Ganglia (BG) had a 
major role in regulating motor timing (Proud & Mor-
ris, 2010). BG has an important role in the production of 
rhythmically repetitive movements. The internal clock is 
tuned on by BG during finger tapping performance (Sar-
baz & Pourakbari, 2015). As already proved, PD affects 
the BG. The results of Perbal et al. study shows that 
dopaminergic dysfunction slows down the rate of the 
body’s internal (biological) clock (Sarbaz et al., 2012). 

Hausdroff et al. (2009), suggested that impairment of 
“internal clock” function lead to gait disturbances (Sar-
baz, Gharibzadeh, Soltanzadeh, & Towhidkhah, 2013). 
As mentioned before, the main reason for synchroniza-
tion of all actions of the body seems to be the internal 
biological clock. Indeed, all parts of the CNS regulate 
their performances timing according to the internal clock 
in a healthy state. BG has an important role in planning 
and regulating motor tasks of the body. PD affects BG 
and, as a result, timing in motor tasks is disrupted in 
people with PD. 

We propose that another clock is established for mo-
tor tasks that we call it “motor tasks clock”. Also, we 
can consider a “cognitive task clock” for cognitive tasks. 
These two clocks are concurrent with the internal clock 
and synchronized in a healthy state. Because PD affects 
BG, it cannot regulate its activity based on the internal 
clock. However, cognitive task clock still coincides 

Figure 7. Post hoc analysis results for patients with PD under single-task and patients with PD under dual-task condition
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with the internal clock. Therefore, the synchronization 
between these two clocks is disrupted in the diseased 
state. That is why the patients made errors in counting 
the stride number (cognitive task) while walking (motor 
task). Indeed, these two tasks are regulated according to 
two inconsistent timing.

A few studies have been conducted to investigate the 
internal clock role in regulating the body’s activities that 
may confirm this idea. It should be noted that to the best 
of our knowledge such an idea (inconsistency between 
the two clocks) has not been presented so far. It should 
be noted that the role of BG on motor tasks timing has 
been studied before, but its role on cognitive tasks timing 
and also the coordination between cognitive and motor 
tasks has not been studied much. An inconsistent rela-
tionship between the timing of a motor task and the tim-
ing of a cognitive task may appear in the early stages of 
the PD (Sarbaz, Gharibzadeh, Towhidkhah, Banaie, & 
Jafari, 2011; Sarbaz et al., 2012). 

It is possible that all movement disorders in PD are not 
caused solely by damage to the motor areas of the CNS 
(Sarbaz, Towhidkhah, Jafari & Gharibzadeh 2012). Per-
haps this timing inconsistency has a larger role in the 
appearance of movement disorders (Stegemöller et al., 
2014). Therefore, based on this idea, desynchronization 
is the result of creating two different timing (motor-task 
timing and cognitive-task timing). This is due to BG 
damage and motor timing disruption. 

Based on the presented idea, the two clocks don't 
show coinciding component periods under the diseased 
state. Therefore, it is possible to develop a new theory 
about disease disorders appearance. Moreover, func-
tional performances of the disease rehabilitation may 
be explained. For example, some studies have shown 
the effectiveness of vibratory stimulation on gait in PD 
patients (Wild et al., 2013). Additionally, Deep Brain 
Stimulation (DBS) can improve movement disorders of 
PD (Wylie et al., 2012). 

It is possible that regular electrical impulses create a 
reference clock that coordinates cognitive and motor 
clocks. In the case of synchronization between the two 
clocks and tuning of the synchronization with an exter-
nal resource clock (DBS), the time difference between 
the two clocks reduces and as a result the degree of gait 
disturbances decreases. 

The results of this study demonstrate an increase in du-
al-task gait disturbances. This finding may be appropri-
ate for the detection of PD in its earlier stages. However, 

it seems that the main cause of the dual-task interference 
during gait is related to disharmony between the motor-
task clock and cognitive-task clock. One of the major 
findings of this study is that any cognitive activity that 
involves the brain besides motor activity will lead to in-
creased effectiveness of screening of patients with PD. 
It should be noted that the more the brain is involved 
during motor activities, the more accurate will be the 
screening procedure. 
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