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Abstract. In this paper we investigate influence of the dance (lindy hop) therapy on the
Parkinson’s disease affected upper limb biomechanics. Wireless inertial sensors were used to
measure acceleration and angular velocity during multi-joint movements of both upper limbs. In
this research only wrist’s pronation-supination movements in sagittal plane were analysed.
Obtained results shows that dance therapy has a positive influence on improved biomechanics of
upper limbs and general decrease of UPDRS score.
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Introduction

Parkinson’s disease (PD) is neurodegenerative disorder, which affects part of central nervous
system (CNS), which is responsible for the control of voluntary movements. It is second most
common neurological disorder in Europe [1]. PD is characterized by resting tremor, bradykinesia,
rigidity and postural instability. Patients with PD are applicable to various types of physical
activity programs that improve motor function. Dance movement therapy is one of the possible
activity programs and for patients with PD is among the most popular therapy programs [2], like
tango dance, for example [3]. Dance therapy has a positive effect on psychologically and
emotionally than regular exercise. Effect of dance therapy is usually evaluated using various
scales. One of the most commonly applied is Unified Parkinson’s Disease Rating scale (UPDRS),
which allows estimate of motor and non — motor symptoms. For the quantitative assessment of
the dance, various motion capture systems are used [4]. There are different temporal parameters
that allow evaluating the movement. For example, acceleration zero crossing rate calculation
performed for detecting the activities of daily living [5]. Average acceleration during the
pronation-supination movement is calculated for UPDRS evaluation [6] or average movement
time of rapid alternating movement [7].

Goal of this research is quantitatively evaluate therapeutic effect of dance therapy on the
biomechanics of the upper limb using inertial sensors.

Methods

In cooperation with Vilnius University Hospital Santariskiy Klinikos neurology and
rehabilitation, physical and sports centres, 14 patients (mean age + SD = 65.43+9.41, mean
UPDRS score + SD = 47.8571+17.6890) with PD (average stage of disease + SD =
2.0714+0.6157) have been recruited for the modified lindy hop dance therapy. Comparing to other
dance types, lindy hop dance was chosen, because this dance training is the simplest one. In total,
subjects have had 22 dance lessons. Before each lesson 15 minutes of moderate exercise was
performed and then 45 minutes of dancing.
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Six wireless inertial sensors (Shimmer, Dublin) having nine degrees of freedom (acceleration,
angular velocity and magnetic heading in 3D) were attached to each patient’s hand, forearm and
arm. Sensors recorded data at 51.2 Hz sampling rate, which is sufficient to measure the movement.
Each subject was asked to perform pronation-supination motion task.

MATLAB software was used for the calculation and analysis of wrist pronation — supination
movement using following metrics: acceleration zero crossing rate and average acceleration about
y-axis, average movement time. Statistical analysis of the metrics was performed using IMB’s
SPSS v22 software. A paired-samples t-test with significance level of o = 0.05 was used to
compare calculation parameters before and after the dance therapy. The block diagram in figure 1
shows the general scheme of experiment and analysis.

Fig. 1. Upper extremity motor biomechanics evaluation setup

Results

Calculation parameters are presented in Table 1. When analysing wrist pronation-supination
movement, we found statistically significant difference of the right, left wrist average acceleration
zero crossing rate, average movement time and average acceleration of the left wrist (bold values
in the Table 1).

Table 1. Calculated parameters

Parameters
Acceleration zero Average acceleration Movement average
crossing rate (m/s?) time, s
Joints
Right shoulder 0.07510.020; 0.41210.411; 0.89710.209;
0.076+0.012 0.375+0.246 0.790+0.097
. 0.057+0.013" 1.076+0.584 " 0.917+0.194"
Right elbow - = -
0.059+0.008 0.743+0.536 0.791+0.133
Right wrist 0.06410.013:* 1.51810.835; 0.90310.188*:
0.070+0.010 1.144+0.534 0.792+0.131
Left shoulder 0.08310.014; 0.85910.429; 0.92610.237:*
0.083+0.014 0.315+0.211 0.756+0.119
Left elb 0.056+0.010" 0.859+0.611 * 0.912+0.226"
et efhow 0.0640.008" 0.698+0.3564" 0.800£0.129 -
Left wrist 0.06110.016; 1.70311.104*: 0.93310.234;
0.076+0.009 1.064+0.514 0.808+0.110

Note: * — before (mean + SD), ** — after (mean + SD)

Conclusions

Comparing data before and after therapy program can be noted that dance therapy affects the
upper limb movements. Zero crossing rate of the right wrist increases (0.0636+0.0130 to
0.0701+0.0104), and left wrist (0.0608+0.0168 to 0.0766+0.0091). Average acceleration values
decrease in the left wrist (1.7030+1.1043 to 1.0640+0.5141). Movement average time right wrist
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decrease (of 0.9038+0.1884 to 0.7927+0.1310) and left wrist decrease (of 0.9331+0.2348 to
0.8082+0.1107). UPDRS score changed from 47.8571+17.6890 to 40+13.8119 after the dance
therapy program. It can be said that the influence of dance for people with Parkinson's disease
have a positive impact on upper limb biomechanics.
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