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Temporal variability of gait in Parkinson disease: effectsof a 
rehabilitation programme based on rhythmic sound cues 

Miguel Fernández del Olmo, Javier Cudeiro 

Abstract 
It has been suggested that sequential movements in patients with Parkinson's disease (PD) might be improved by the 
effects of external rhythmic cues. We studied spatiotemporal gait parameters and temporal gait variability in patients 
with PD and control subjects under different walking conditions in order to investigate whether rhythmic auditory 
cues could improve temporal variability. A total of 30 subjects were recruited, comprising 15 patients with idiopathic 
PD and 15 control subjects with no history of neurological disorder. As an indicator for temporal stability, we used 
the coefficient of variability (CV=standard deviation/mean×100) of recorded intervals between two consecutive steps 
(gait variability). After control values were obtained, subjects underwent a Physical Rehabilitation Programme (PRP) 
consisting of a variety of motor tasks performed in combination with rhythmic sounds with different cadences. 
Sessions lasted 1 h/day, five times a week for a period of four consecutive weeks. At the end of the PRP subjects 
were evaluated again. Following completion of the programme the patients' coefficients of variability improved 
significantly for the preferred gait (gait: t=2.950, p=0.011) but were not significantly different from those obtained in 
control subjects (gait: t=3.873, p=0.391). These results are consistent with and extend prior studies of rhythmic 
auditory facilitation in PD and suggest a valuable method of improving gait timing in these patients. 

Keywords: Parkinson; Gait; Sound; Rehabilitation 

1. Introduction 

Disorders of gait are common symptoms of Parkinson's disease (PD) [1], and gait performance 
represents one of the major determinants for independence and quality of life for these patients [2]. PD 
gait is characterised by a particular difficulty with the internal regulation of stride length [3], even though 
cadence control (steps per minute) is intact and is easily modulated under a variety of conditions [4]. 
Parkinson's disease subjects have a higher cadence rate than control subjects for any given velocity; 
however, this increased cadence is a compensation for reduced step size [4]. Associated disturbances 
include a forward-flexed trunk, inadequate flexion at the ankle and knee, insufficient heel strike, reduced 
arm swing, postural instability and asymmetric stride times for both lower limbs [5], [6], [7], [8] and [9]. 
Pharmacological therapy is effective in the early stages of the condition. However, with disease 
progression these gait disorders can increase leading to start hesitation, freezing episodes in the middle of 
motion, or blocks while switching from one motor task to another [10] and an increased risk of falls [11]. 
Studies on PD gait using EMG have demonstrated that there is maintenance of the phasing of muscle 
activation patterns during the stride cycle, particularly in the distal lower limb muscles, with a reduction 
in the amplitude of gastrocnemius activity during the stance phase [12], [13] and [14]; nevertheless, 
research on the temporal variability of gait, such as step to step, is limited. It has been postulated that the 
ability to maintain a steady gait (i.e. low stride-to-stride variability of gait cycle timing and its sub-
phases) would be diminished in PD [15]. Furthermore, it has been observed that in subjects with PD, gait 
variability measures were increased two and three times compared to those observed in control subjects, 
and the degree of gait variability correlated with disease severity [15]. Irregular timing of steps in PD 
suggests a disturbance of rhythmic locomotor activity generation [16]. 

The exact pathophysiologic nature of Parkinsonian walking disabilities is not well understood. From 
previous research on normal and pathologic basal ganglia function, it has been proposed that the basal 
ganglia are implicated in two main roles in the control of sequential movements, primarily through their 
interaction with the supplementary motor area [17]. The first role is as an internal cue or trigger to enable 
movement sequences to be carried out without attention. The second role is its contribution to cortical 
‘motor set’. The basal ganglia aid in the preparation, and maintenance of motor plans in a state of 
readiness for action, enabling motor functions to be carried out functionally and appropriately [18]. 
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A series of studies has revealed that PD patients can generate a normal gait pattern in the presence of 
adequate regulatory sensory stimulation. It is suggested that external sensory cues can provide the 
necessary trigger in PD to switch from one movement component in a movement sequence to the next 
and thus bypass defective internal pallidocortical projections [3] and [19], possibly via the lateral 
premotor cortex control of externally guided movements [20] and [21]. The most well known method of 
such stimulation is the use of visual cues placed on the floor at the desired step length to assist with gait 
initiation and execution [22]. With this, PD subjects can produce a gait pattern of normal velocity, 
cadence and stride length [3] and [23]. The use of attentional strategies such as mentally rehearsing the 
forthcoming movement during execution, and avoiding task distractions (the ‘dual task’ situation) also 
improve the gait pattern in PD [17], [22], [24] and [25]. The use of auditory cues also increases the length 
and cadence of the stride in PD subjects [26] and [27]. This finding has led to different intervention 
strategies in physical therapy to improve Parkinsonian gait by using music and rhythmic auditory cues, 
therapies such as Rhythmic Auditory Stimulation (RAS) [28] and metronome therapy [29]. 

In this study, we examined spatiotemporal gait parameters and gait variability in patients with PD and 
control subjects under different walking conditions, investigating the effect (in situ) of attentional 
strategies (remembered rhythmic auditory cues) and external cues (rhythmic auditory cues) in both groups 
in order to discover if this temporal variability can be improved. 

2. Methods 

2.1. Subjects 

Thirty subjects were recruited for this study, comprising 15 patients with idiopathic PD (8 men and 7 
women, aged 61.7 (SD 5.22) and 15 control subjects matched for height (11 men and 4 women, aged 63.1 
(SD 4.28) with no history of neurological disorder. All subjects provided informed consent according to 
the declaration of Helsinki (1964). PD subjects were excluded if they had musculoeskeletal, 
cardiovascular or visual disturbances that affected walking ability, or a score <20 on the short test of 
mental status [30]. A fundamental requirement for inclusion in the study was the ability to walk up and 
down a 30 m walkway five times without walking aids or assistance. For PD subjects the level of 
functional disability was also determined by mean of the UPRDS, Hoehn and Yahr and Schawb and 
England scales [1], [31] and [32]. Table 1 shows the specific characteristics of PD group. Drug treatment 
was kept unchanged throughout the study. 

Table 1. Specific characteristics of PD group 

Patient Sex Age Years since diagnosis STMS Hoehn and yahr Schwab and England (%) UPRDS 

        
A.A.M. F 56 5 25 2 90 24 
JA.V.B F 50 5 35 2 90 35 
M.G.V. M 64 6 23 1 90 26 
C.B.R. M 63 4 28 2.5 50 41 
F.M.C. M 62 6 25 1 90 23 
B.A.V. F 68 8 31 2 90 33 
M.F.R. F 64 6 32 2.5 80 38 
D.R.M. M 65 8 33 2.5 80 45 
J.E.L. F 65 5 30 2 90 28 
J.C.I. M 70 15 21 1.5 50 41 
C.S.S. F 69 6 30 1 90 13 
G.P.V. M 69 19 28 2.5 50 57 
J.P.D. F 66 3 25 2 90 11 
F.F.M. F 79 4 30 2 70 37 
T.R.L. M 78 9 28 2 80 55 
Mean  65.86 7.26 28 2 85 33.8 
        
 
STMS, short test of mental status.  
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2.2. Procedure 

The patients were always examined at the peak dose effect of their antiparkinsonian medication. 
Patients underwent the following sequence of events—evaluation 1, four weeks of a PRP (see below), 
followed one day later by evaluation 2. Controls were evaluated once and did not undertake the PRP. 

For the study patients walked along a 30 m flat walkway. To measure the temporal and spatial 
parameters of the footstep pattern, a specific system was developed in house. It consists of a set of 
switches worn as insoles inside the shoes, sending data in real time (sampling rate 1 ms) by means of a 
small radio transmitter (10×5×2 cm), to a radio receiver connected to a computer. The system was also 
connected to two pairs of photoelectric cells, one placed at the beginning and one at the end of the 
walkway. 

2.3. Evaluation conditions and gait parameters 

For each evaluation the subjects walked under several different conditions: 
 
(1) baseline condition, the instruction to the subject was simply to ‘walk to the end of the walkway, at 

your preferred speed’ (preferred gait). 
(2) The subject had to walk to the end of the runway at their preferred speed and carry an object in one 

hand, whilst make repetitive movements (apposition of thumb and index finger) with the other 
hand (preferred gait with manual task). 

(3) The instruction was to ‘walk to the end of the walkway at your fastest speed’ (fast gait). 
(4) After listening to a cadence produced by a electrical metronome for 10 s, they attempted to walk 

maintaining the same cadence. The following cadences were used: 60, 90, 120, 150 bpm 
(reproduction gait task). 

(5) Immediately following this, they attempted to complete the same series but in presence of auditory 
cues delivered by the metronome (synchronized gait task). 

 
The dependent variables measured for each gait variable included: velocity (m/min); step length (m); 
cadence (steps/min) and the coefficient of variability (CV) of recorded intervals between two consecutive 
steps. CV is an indicator of temporal variability of gait, where CV=(standard deviation/mean)×100. 

2.4. Physical rehabilitation programme 

Sessions lasted 1 h, five times a week for a period of four consecutive weeks. The PRP included 
walking under several different conditions. 

 
(1) Gait without upper limbs movements—e.g. patients were asked to walk reproducing or in 

synchrony with a rhythmic auditory signal.1 
(2) Gait with sequential movements of the upper limbs—e.g. patients were asked to walk reproducing 

or in synchrony with a rhythmic auditory signal1 while touching themselves on different parts of 
the body, always in the same order. 

(3) Gait with upper limb rhythmic repetitive movements—e.g. patients were asked to walk 
reproducing or in synchrony with a rhythmic auditory signal1 while repetitively apposing thumb to 
index finger with one hand. 

(4) Gait with upper limbs bimanual movement—e.g. patients were asked to walk reproducing or in 
synchrony with a rhythmic auditory signal1 while manipulating an object with two hands. 

(5) Gait with upper simultaneous movement—e.g. patients were asked to walk reproducing or in 
synchrony with a rhythmic auditory signal1 while bowling a basketball. 

2.5. Statistical analysis 

The ‘t’ statistics was used to analyse the inter- and intra-group statistical differences for the 
parameters studied of gait at preferred velocity, with manual task and fast gait. A repeated-measures 
multivariant analysis of variance (MANOVA) was carried out on the mean velocity, cadence, step length 
and coefficient of variability to analyse the parameters of gait in presence or absence of rhythmic auditory 
cues in both groups. Patients vs. controls represent the between subjects factor. The within subjects 
factors were represented by trigger (self-cue vs. auditory-cue) and cadence (60, 90, 120, 150 bpm). When 
a significant interaction was detected, post-hoc analyses were performed.  
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3. Results 

3.1. Gait at preferred velocity, with manual task and fast gait 

Table 2 shows the mean values for step length, cadence and velocity in the PD group compared with 
the control group under each of the three conditions (preferred gait, preferred gait with manual task and 
fast gait). For velocity the PD group shows values smaller than the control group with differences 
statistically significant for each condition (t=2.916, p=0.01 for preferred gait; t=3.546, p=0.01 for 
preferred gait with manual task and t=4.570, p=0.001 for fast gait). For step length the results were very 
similar, the PD group showing smaller values in all conditions (t=2.850, p=0.01 for preferred gait; 
t=3.562, p=0.001 for gait with manual task and t=3.669, p=0.001 for fast gait). However, for cadence we 
detected significant differences only in the fast gait task (t=3.276, p=0.003) where the PD group shows 
values smaller than controls. These results are further represented in Fig. 1. Also, in the PD group, there 
was a significant decrease in mean step length when we compared preferred gait with preferred gait with 
manual task (t=2.416, p=0.03). This was not observed in the control group. 

Table 2. Mean values for step length, cadence and velocity in the Parkinson's disease group compared with the control group under 
each of the three conditions 

Parameter Preferred gait  Preferred gait with manual 
task  Fast gait 

 PD Control  PD Control  PD Control 

Velocity (m/min) 66.55 (10.64) 77.11 (9.16)  65.40 (9.57) 77.27 (8.75)  87.16 (15.94) 115.3 
(17.74) 

Cadence (steps/min) 108.92 
(10.27) 

112.83 
(10.05)  108.99 

(9.42) 
112.56 
(11.67)  125.88 

(11.48) 143.7 (17.4) 

Step length (m) 0.61 (0.08) 0.68 (0.04)  0.60 (0.08) 0.69 (0.05)  0.69 (0.10) 0.81 (0.07) 
Coefficient of 
variability 7.36 (5.23) 4.19 (2.36)  5.67 (2.71) 2.95 (1.64)  5.36 (3.40) 5.98 (3.68) 

         
 
Mean velocity, cadence, step length and coefficient of variability of the patients with Parkinson's disease and the controls when 
performing the trials a preferred gait, preferred gait with manual task and fast gait. (Standard deviations are given in parentheses). 

 
 
 
Fig. 1. Mean gait velocity, cadence and stride length for Parkinson's disease subjects expressed as a percentage of the values for 
matched controls.  
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The recorded coefficient of variability (Table 2) for the patients was significantly greater than for 
controls in preferred gait (t=2.059, p=0.049) and preferred gait with manual task (t=3.244, p=0.003). 
However, there was no statistically significant difference between groups in the fast gait task. Both 
groups demonstrated a change in the coefficient of variability during the preferred gait with manual task 
but it was only significant for the control group (p=0.020). 

3.2. Reproduction gait (self-cue) vs. synchronized gait (auditory-cue) 

Both groups showed an increase in mean velocity (Fig. 2) for each of the four cadences while 
attempting to remember auditory cues. For the 15 patients this increment was statistically significant at 
60 bpm (t=5.157, p=0.001) and 90 bpm (t=3.907, p=0.002). For the control group the results were 
significant at 60 bpm (t=10.223, p=0.001), 90 bpm (t=6.636, p=0.001) and 120 bpm (t=4.987, p=0.001). 

 
 
 
Fig. 2. Plots comparing the gait velocity performance of subjects in the presence and absence of auditory cues for the PD patients 
and control group. 

When we studied the cadence (Fig. 3), for the PD group the mean cadence was significantly smaller in 
the presence of auditory cues at 60 bpm (t=4.280, p=0.001) and 90 bpm (t=3.983, p=0.001), there was no 
statistically significant difference at 120 bpm and a significantly greater difference in the presence of 
auditory cues at 150 bmp (t=2.757, p=0.015). For the control group the mean cadence was significantly 
smaller in the presence of auditory cues at 60 bpm (t=10.138, p=0.000), 90 bpm (t=5.506, p=0.004) and 
120 bpm (t=3.525, p=0.004), there was no statistically significant difference at 150 bpm. 

 
 
 
Fig. 3. Plots comparing the gait cadence performance of subjects in the presence and absence of auditory cues the PD patients and 
control group.  
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For the step length (Fig. 4) there was a decrease in both groups for each of the four cadences in the 
presence of auditory cues. The multiple analysis of variance (MANOVA) showed a significant effect for 
the factor ‘trigger’ (self-cue vs. auditory-cue) for PD group (F=11.434, p=0.004) and for control group 
(F=6.637, p=0.024). 

 
 
 
Fig. 4. Plots comparing the step length performance of subjects in the presence and absence of auditory cues for the PD patients and 
control group. 

There were no statistically significant differences in the coefficient of variability between self-cue and 
audible cue for any signal cadence or for any group (Fig. 5). 

 
 
 
Fig. 5. Plots comparing the coefficient of variability performance of subjects in the presence and absence of auditory cues for the 
PD patients and control group. 

3.3. The preferred gait, gait with manual task and fast gait before vs. after the Physical Rehabilitation 
Program 

Following the completion of the PRP, patient results showed an improvement in the spaciotemporal 
gait parameters: velocity (m/min); step length (m); cadence (steps/min) for preferred gait, preferred gait 
with manual task and fast gait ( Table 3). Although these parameters clearly improved towards normal 
values, this improvement was not statistically significant. 

However, after the PRP the patients' coefficient of variability improved significantly (t=2.950, 
p=0.011) for the baseline condition (preferred gait). Surprisingly, the new values of CV recorded for the 
patients did not statistically differ from those obtained for control subjects (t=3.873, p=0.391) ( Fig. 6). 
For the other tasks (preferred gait with manual task and fast gait) the CV change was not statistically 
significant after the PRP.  
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Table 3. Gait parameters after the physical rehabilitation program was completed 

Parameter Preferred gait  Preferred gait with manual 
task  Fast gait 

 Before After  Before After  Before After 

         
Velocity (m/min) 66.55 (10.64) 69.03 (10.01)  65.40 (9.57) 66.76 (10.46)  87.16 (15.94) 90.15 (16.08) 

Cadence (steps/min) 108.92 
(10.27) 

110.67 
(10.36)  108.99 

(9.42) 
109.51 
(11.48)  125.88 

(11.48) 
128.36 
(10.43) 

Step length (m) 0.61 (0.08) 0.62 (0.08)  0.60 (0.08) 0.61 (0.08)  0.69 (0.10) 0.69 (0.11) 
Coefficient of 
variability 7.36 (5.23) 5.17 (3.49)  5.67 (2.71) 6.68 (4.55)  5.36 (3.40) 6.46 (3.88) 

         
 
Mean velocity, cadence, step length and coefficient of variability of the patients with Parkinson's disease when performing preferred 
gait, preferred gait with manual task and fast gait before and after the physical rehabilitation programme (Standard deviations are 
given in parentheses). 

 
 
 
Fig. 6. Mean and standard deviation of coefficient of variability before and after the program in PD patients compared to the control 
group. 

4. Discussion 

4.1. Preferred gait, preferred gait with manual task and fast gait 

Our results show that the patient group demonstrated a shorter step length and lower velocity 
compared with the control group under each of the three conditions (preferred gait, preferred gait with 
manual task and fast gait). This is in agreement with previous studies [3] and [33]. 

The fast gait results suggest that the most restrictive spatiotemporal parameter for the PD group is the 
ability to achieve a higher step cadence. When the patients walked using preferred gait their step length 
was 89% and cadence 96% of the values obtained for the controls. However, when the patients walked at 
fast gait their step length was reduced to only 85% of controls but, remarkably, the cadence dropped to 
85%. The value of the cadence was significantly different from that of the control group. Similar findings 
have been obtained by others [27]; nevertheless, previous studies [34] have shown that PD patients were 
able to perform higher step cadence while holding onto a rail, a condition we did not reproduce. We 
suggest that the ability to perform high step cadence in the absence of support is reduced in patients with 
PD. This does not contradict the opinion that the ability to generate a normal stepping pattern is not lost in 
PD. We believe that in the presence of visual cues the patients could maintain normal step length and 
while holding onto a rail they are able to achieve a high cadence of step [33]. 

Our data clearly demonstrate that during the performance of a secondary motor task the PD group 
displayed a deterioration in the length of the step during the preferred gait, while maintaining the cadence 
values. This did not occur the control group. This is in agreement with previous studies [17], [22], 
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[23] and [24] and suggests that patients with PD experience considerable difficulty when they are 
required to walk while simultaneously performing a task with the upper limbs. 

Temporal variability, was clearly impaired in the PD group during the preferred gait and preferred 
gait with manual task. These results reinforce the findings of other groups [15] and [16]. On the other 
hand, it has been suggested that the inter-step time and the step length are under the same control 
mechanism [35]. However, in our study the impairment in the step length in the PD group was not 
directly related to an impairment of temporal variability since in the preferred gait with manual task the 
marked deterioration was not due to an increment in the coefficient of variability. More work is required 
to separate the effects of these parameters. 

4.2. Reproduction gait (self-cue) vs. synchronized gait (auditory-cue) 

In this study, the general effect of the presence of auditory cues led to a decrease in the main 
cinematic parameters that were studied (velocity, length and cadence of walking). These results contrast 
with several findings reported by other groups [26] who observed a faster walking pattern when 
comparing the effects of either visual or auditory cues on walking parameters, although only auditory 
cues led to a increased stride length and its cadence, whereas visual cues led to a increased stride length 
but a slower stride cadence. However, it should be explained that a diminished step cadence in the 
presence of auditory cues at 60 and 90 bpm was expected, due to the higher cadence performed by 
subjects when walking in the absence of auditory cues at these frequencies. 

Rhythmic auditory stimulation facilitates locomotive function in patients with PD, as has been 
demonstrated [27]. It was observed that PD patients increase their maximal velocity, in presence of RAS, 
through a faster cadence and longer stride length. In our study, just three out of 15 PD patients showed a 
higher velocity when performing in the presence of an auditory cue. Two of them conquered this increase 
through a higher cadence but decreasing step length, and only one of them achieved this higher velocity 
increasing both cadence and step length. A higher step cadence was associated with a reduced step length 
and velocity for the rest of the patients and control subjects. 

We have observed that there are differences in cadence either with or without auditory cues between 
groups when walking at high frequencies, 120 and 150 bpm. This supports our hypothesis that the 
impairment when trying to perform walking at high velocity has to do with stride length and the inability 
to generate high walking frequencies. This does not argue against the idea that the normal walking pattern 
in PD patients is still present [3] and [4], and it can be demonstrated in the presence of appropriate 
sensorial information. It has even, been suggested that disorders in stride length are likely linked to a 
deficit in the performance of fast movements in patients with PD [36]. 

Contrary to what we expected, the temporal stability when walking did not improve in the presence of 
an auditory cue in any group. This goes against the literature, which demonstrates that the presence of an 
appropriate sensorial cue (visual, auditory, etc.) leads to an improvement in movement timing, and in the 
kinetic movement parameters of walking [28]. Moreover, the worst temporal stability occurred in the 
presence of an external cue for some frequencies. This might be due to the demands that the presence of 
the auditory cue imposes on a fully automated movement. This signal requires adjusting every step in 
order to achieve good synchronization; this adjustment involves a number of muscle groups each with 
their own specific pattern of activation. Walking with no auditory cue would lead to a less consistent 
walk; as there is no feedback from the signal, it is not necessary to adjust every step to the signal. It has 
been demonstrated that the execution of ballistic rapid movements is more difficult in the presence of an 
auditory cue pacing the movement rhythm than in absence of one, in both patients with PD and control 
subjects [37]. As possible explanation of this phenomenon it was proposed that the presence of the 
external cue increased the difficulty of the task, because subjects had to perform the movement at 
maximal velocity with much precision in synchrony with the auditory cue [37]. In our study, it is notable 
that the worst temporal stability, in both groups, occurred for certain frequencies in presence of auditory 
cues, which is in agreement with some studies [16], where PD patients and control subjects showed 
deficits in the regulation of the stride when walking at frequencies 20% less than their preferred walk. 

In conclusion, several findings can be pointed out: (a) there is a possible deficit when performing high 
step cadencies in patients with PD (at least in our patients), (b) a higher temporal variability was observed 
during walking in patients with PD, with or without auditory cues, (c) movement temporal variability is 
not improved in the presence of an auditory cue. 

The last statement is in agreement with other studies [3], where it was observed that auditory cues did 
not help to normalize walking patterns of patients with PD, at least ‘in situ’. However, several studies 
have confirmed the positive effects of using auditory cues as a strategy to improve gait [28] and [38] so 
that we cannot refrain from using auditory cues as a mean of training to improve this movement.  
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4.3. Preferred walk before vs. after programme 

We showed that upon completion of the 20-session program, PD subjects demonstrated a statistically 
significant improvement in temporal stability when walking at the preferred velocity. Thus, the program 
met its main objective. Moreover, this improvement allowed patients to obtain values similar to those of 
the control group. This was confirmed by the lack of statistically significant differences between groups 
at the end of the programme. 

This improvement was observed in 60% of the patients, who represented those who had a greater 
degree of impairment in the beginning; the remainder had similar values to the control group in the 
beginning. The effect of the programme had more effect on the patients with greater impairment in the 
beginning. 

What leads to the improvement in the temporal variability? Is it the mere repetition or the imposition 
of auditory rhythms? Some factors that determine temporal stability in walking have been proposed. 
Difficulty maintaining a cadence during a rhythmic repetitive movement (for instance walking) could be 
related to a deficit in the perception and reproduction of the rhythmic component of movement, and not 
just to the motor system; the cause of this deficit would be an alteration in the hypothetical internal time-
keeper that controls the timing of movement [39]. Data obtained from patients with cerebellar changes 
suggests that this internal time-keeper could be used both in motor tasks and perceptive tasks [40], this 
leads one again to avoid considering the motor system as the only element responsible in the alteration of 
the timing of movement. Instability in walking can be considered as a maturity indicator of motor control, 
as evidenced by the fact that variability in walking decreases in children as they grow up [41] and starts to 
increase with age whether or not one has PD [42]. A recent study indicates that walking instability in 
aging is multifactorial, and both, neuropsychological status and health-related quality of life, play 
important and independent roles in gait instability [42]. In this study a group of 30 subjects all over the 
age of 72 years carried out a physical fitness programme for 6 months in order to improve their temporal 
stability when walking (this programme included exercises of strength, flexibility, as well as balance and 
aerobic endurance). Changes in stride time variability and the non-stationary index in response to the 
exercise intervention were variable and were not statistically significant despite of the fact that subjects 
had improved their physical fitness. 

Impairment in the temporal stability of walking in the elderly has already been documented [43] but 
the finding of worse impairment in patients with PD could be explained by the deterioration of 
dopaminergic cells in the basal ganglia. The hypothesis of a deterioration regarding perceptive-motor 
aspects could be justified by the possible role of the basal ganglia in sensorial functions [44] or in 
functions that have to do with sensorimotor integration [45]. 

Walking exercises in the presence of an auditory rhythmic stimulation carried out by patients with PD 
have been shown to be an effective way of improving aspects related to the temporal pattern of the 
electric activation in certain muscles involved in walking, this improvement not being achieved in 
absence of an auditory cue [28]. The reason our patients improved their temporal variability after carrying 
out the programme can not be attributed to the mere repetition of the movement. The tasks used more 
often in the programme included walking at different temporal conditions through different auditory 
rhythms. Walking is a daily activity performed by our patients, nevertheless patients with PD had worse 
temporal variability than control subjects. Therefore, this improvement has to be linked to the use of 
auditory rhythmic cues. Walking in the presence of these external rhythmic auditory cues provides a 
stimulus that allows patients to have a better control over temporal aspects of walking. This control 
allowed patients to improve their variability when walking at their preferred speed, the most important 
for their quality of life, without having to use any external help. 

This programme has been shown to be a valid way to improve temporal stability in walking, or in 
other words, to improve or re-educate the timing of walking, this feature allows us to affirm that temporal 
alterations in the execution of a movement are reversible, not only in healthy subjects [42], but in patients 
with PD. 
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