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ABSTRACT
The main goal of the experiment was to compare electrical activity in selected muscles: m. tibialis anterior, 
m. gastrocnemius, m. rectus femoris, m. biceps femoris and mm. erectores spinae, at the TH/L transition 
level patients with Parkinson’s disease when walking on dry land and in a water environment, using sur-
face electromyography. 
The experimental set consisted of five subjects, two men and three women, aged 67.4 ± 7.1. A surface 
EMG was used to measure muscle activity in the m. tibialis anterior, m. gastrocnemius, m. rectus femoris, 
m. biceps femoris and mm. erectores spinae at the TH/L transition level. The resultant EMG signal was 
rectified and then the normalized muscle activity level was evaluated for walking in various environments: 
on dry land and in water.
Results showed identical normalized activity of monitored muscles in a water environment, which indi-
cates a permanent effect of the pathological central programme accompanying Parkinson’s disease, where 
the coordination pattern typical for a water environment fails to occur.
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INTRODUCTION

Flawless gait depends on a combination of perfect balance, coordination of motion 
and information on our surroundings obtained through our senses, such as sight and 
perceptions providing us with information about the terrain (Mečíř, 1997). Gait is 
complex sequential phased motion taking place according to certain timing. This 
movement involves the entire motoric system, thus perfectly adapting to the complex 
characteristics and shape of the terrain in which we are walking. Gait occurs as a rhyth-
mic pendulum-like translation of the body. It begins at an initial position, describes 
an arc via a zero point to one extreme position, and continues to the next extreme 
position. Clearly separated gait phases occur (Véle, 2006). Both legs go through three 
separate phases of movement. The swing phase – the leg moves forward without con-
tact with the underlay, the stance phase – the leg is in contact with the support surface, 
also called the single support phase, and the double support phase, during which both 
legs are simultaneously in contact with the support base (Cuccurullo, 2009). Gait is 
one of the activities most often evaluated with EMG. In light of its high variability of 
muscle activity during each step for each individual, it is good to measure at least 6–10 
steps to determine average values for selected parameters. Each individual has a char-
acteristic gait speed that may affect surface EMG, which is why speed is standardized 
using a metronome or with a pre-set speed on a treadmill (Hug, 2011).

Gait in water is quite different from gait on ground, depending on immersion depth 
as well as whether the water is moving or not. The deeper the immersion, the lower 
the weight force due the Archimedes’ Law, which also reduces the effect of the re-
active force needed for support. Simultaneously the resistance of the environment 
increases, which is higher than air resistance. Gait patterns in water are quite different, 
which is why a water environment cannot be used for re-education of walking on dry 
land (Véle, 2006; Miyoshi et al., 2004; Masumoto et al., 2004; Veneziano et al., 2006; 
Shono et al., 2007; Kaneda et al., 2008).

Those with Parkinson’s disease walk more slowly in comparison with healthy indi-
viduals, the duration of the gait cycle and individual gait phases is longer, the ratio be-
tween the supported and unsupported phase shifts toward the support phase, and the 
duration of the double support phase is longer than in healthy individuals (Dupalová 
et al., 2005). Patients with Parkinson’s disease have shorter steps and drag their feet. 
When practicing walking, it is especially important to include rhythmic elements in 
the exercise. Walking is often practiced to music or as marching, or accompanied by 
the therapist’s rhythmic and energetic commands (Tupá, 2013). Equally important is 
the therapist’s guidance in maintaining step length, gait regularity, lifting of the knees, 
attendant movement of the arms, and ensuring the patient does not shorten his steps 
and does not return to poor gait stereotypes. The therapist’s supervision and vocal 
stimulation of the patient is very important. External voice or other sound stimuli 
were found to have a positive effect. The effects of rhythm lasted even after dopamine 
medication was discontinued (Ressner & Šigutová, 2001). Having to overcome visual 
barriers and walk along marked routes is also useful during training. The use of aids 
is possible, e.g. various sizes of balls thrown rhythmically to the ground, or kicking 
balls or other objects alternately in front of oneself (Dupalová et al., 2005). Treadmills 
can also be used to practice walking. This training has an effect on the manifestation 
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of motor skills in patients with Parkinson’s disease (Cakit, 2007; Herman, 2007, 2009; 
Hong, 2008; Lo, 2010; Miyai, 2002; Pelosin, 2009; Pohl, 2003).

Swimming and exercise in pools is recommended as a suitable activity for Parkin-
son’s patients (Kolář et al., 2009; O’Nihill et al., 2001; Haggerty, 2009; Rosenstein, 
2008), and the Parkinson Society also organizes pool exercises in its clubs. The Amer-
ican Parkinson Disease Association (http://www.apdaparkinson.org) also states that 
water is an excellent environment for anyone diagnosed with Parkinson’s disease. The 
water’s buoyancy gives the human body a feeling of freedom and release, and of eas-
ier movement. Exercise in water is promoted especially as a way to prevent falls and 
resultant injuries, and of strengthening of the posture muscles and releasing rigidity 
(O’Nihill et al., 2001; Haggerty, 2009). In her book on exercise in pools for Parkin-
son’s patients, Rosenstein (2008) writes that any exercise, especially in water, helps the 
body improve stability and problems with walking, as well as improving their sense of 
well-being. He also states that patients whose hamstring strength is less than 2/3 that 
of the quadriceps are more prone to falls. When the quadriceps is stronger, the body 
is pushed forward, causing instability. This is why it is important to keep the strength 
of the front and rear thigh muscles in equilibrium, thus improving patients’ stability. 
We can achieve this through exercise in water, because this causes muscles to work 
in pairs – for each muscle that pulls back, the opposing muscle pulls forward. It is 
estimated that water increases body resistance by 12–14%.

Most published works in the area of a water EMG deal with normal or modified 
gait. In dynamic modes, it is recommended that movement in water be performed at 
half the rate it is on land. The greater viscosity of water compared to air can lead to 
changes in EMG records, especially during more rapid movements. Water tempera-
ture is also important. Optimum water temperature is between 27 and 34 °C. Colder 
water leads to reduced electrical activity in muscles. Warmer water is unpleasant for 
performance of movement (Pánek et al., 2012; Miyoshi et al., 2004; Masumoto et al., 
2004; Veneziano et al., 2006; Shono et al., 2007; Kaneda et al., 2008).

METHODOLOGY

This paper is an analytic experimental study that includes an experiment focusing on 
the difference of normalized EMG activity of selected muscles while walking in water 
and on dry land for subjects with Parkinson’s disease.

Research set
Five subjects with Parkinson’s disease aged 67.4 ± 7.1 participated in the experiment. 
Parkinson’s was diagnosed at an average age of 57, and the set contained three women 
and two men. All of the subjects stated that they attend group exercise organized by 
the Parkinson Society once per week. None of the subjects reported increased fatigue, 
pain or a high degree of fatigue, and they were medicated as per usual.

Methods used
In the experiment, a telemetric 16-channel TelemyoMini 16 EMG instrument from 
Neurodata was used, which in basic configuration includes its own EMG instrument, 
a transmitter with an amplifier connected to bipolar electrodes, and two independent 
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antennas for receiving signals from the transmitter; a video camera was simultaneous-
ly used to record the subject’s movement. Additional equipment was required to re-
cord EMG signals in water: a waterproof ouch for the EMG amplifier and transmitter, 
special bipolar electrodes with a set of double-sided adhesive collars required to firmly 
adhere the electrodes to skin, waterproof covering adhesive stickers for electrodes, 
EMG conducting gel, universal multi-use silicon (Pánek et al., 2010) and Patex carpet 
tape.

Applications of electrodes to skin
Special bipolar electrodes are used to record EMG signals in water. They are AG/AgCl 
disk electrodes 5 mm in diameter, encased in plastic so that only the central part that 
contacts the skin is left exposed. As the electrodes should be placed on well-cleaned 
and degreased skin, we used abrasive paste and petrol alcohol. We applied double-sid-
ed adhesive tape to the plastic electrode disk, which copies the electrode’s round shape 
and is supplied along with the electrodes. We then applied a conducting paste to the 
electrode. It is very important to apply the correct amount: if there is too much the 
electrode can come loose, while if there is too little, the electrical signal can be weak 
or nonexistent. To securely attach the electrode to the skin, it is covered by a special 
round adhesive patch with a central opening that is positioned precisely above the 
electrode, and also covers the electrode cable. Experience shows that individual cov-
ering patches can overlap by approximately 1/3 of their diameter, which maintains 
optimum electrode spacing (Pánek et al., 2010). We had good results with also cover-
ing electrodes and preamplifiers with carpet tape for increased water resistance and 
to reduce the likelihood of electrodes coming loose.

In light of work in a moist environment, the EMG instrument and laptop must be 
protected from damage.

Data collection
Muscle selection
Muscle activity in the right leg was recorded: m. gastrocnemius, m. tibialis anterior, 
m. biceps femoris, and m. rectus femoris. Potentials in the paravertebral muscles at 
the TH/L transition level were recorded bilaterally.

Electrode placement
The electrodes were placed along the centreline of the muscle belly for the aforemen-
tioned muscles. A ground (reference) electrode was placed in the C7 spinous process 
area.

The experiment
The experiment was performed at the FLUM – training pool of the Faculty of Phys-
ical Education and Sport of Charles University, with a water temperature of 32 °C. 
Measurements were performed over the course of one day, and were preceded by the 
collection of important medical history data using a questionnaire. We applied special 
bipolar surface electrodes for recording in water to the subject, on selected leg and 
paravertebral muscles as specified above. Initially, maximum voluntary contraction 
(MVC) measurements were performed out of the water for all muscles according to 
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defined positions in the muscle test. Each of the subjects was asked to perform max-
imum contraction against resistance, 3× in a row. The maximum contraction lasted 
10 s, and there were 2-minute pauses between individual maximum contractions.

Figure 1 Electrode application

Figure 3 Electrode placement – rear view

Figure 2 Securing the electrodes with carpet/duct tape

Figure 4 Electrode placement – side view
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Measurement was split in two parts.
1) Th e subject was asked to walk on dry land for 15 m at 70 steps per minute to the 

ticking of a metronome. Th e EMG recorded the activity of selected muscle groups.
2) Th e subject entered the pool (water depth 120 cm) using the access stairs and ac-

companied by a measurement assistant; he was once again asked to walk to a met-
ronome at a rate of 40 steps per minute. Th e assistant held the pouch with the 
EMG receiver steady in order to reduce the number of artefacts caused by cable 
movement. Th e EMG recorded the activity of selected muscle groups. Aft erwards, 
the subject exited the pool using the steps.
It was necessary to check the electrodes prior to immersion, as aft er contact with 

water it would have been impossible to reapply them.

Data analysis – statistical data processing
MyoResearch XP Master Edition 1.08.27 soft ware from NORAXON was used to evalu-
ate and process the resultant data. Th is application allows the EMG signal to be viewed 
in synchronization with the video recording, allowing a visual check to be performed 
during evaluation. Artefacts were fi rst removed from the signal, which was then recti-
fi ed and smoothed. Maximum voluntary contraction (MVC) was evaluated from three 
maximum 2 s intervals of a stabilized EMG signal in each 10 s of measurement. Th ese 
values were averaged to obtain the resulting MVC.

RESULTS

Th e EMG data obtained was processed as recommended by Hug (2011). We selected 
six consecutive step cycles. Each cycle began with the double support phase, when 

	  

Figure 5 Normalized EMG activity values for selected muscles for all subjects when walking on dry land and in water, 
where TA = m. tibialis anterior, GM = m. gastrocnemius, RF = m. rectus femoris, BF = m. biceps femoris, ES L/R= mm. 
erectors spinae left/right
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the tip of the support (recorded) leg was being rolled up, and ended with the rolling 
up of the support leg of the next step. The beginning and end of the cycle in the EMG 
signal was defined by the beginning of m. tibialis anterior activity. The signal was then 
rectified and the mean amplitude over six step cycles obtained. The mean amplitude 
was normalized to maximum voluntary contraction (mean/MVC × 100). All recorded 
muscles were evaluated in this way, and then were compared against each other us-
ing Pearson’s correlation. Correlation was also performed from normalized values for 
identical muscles in various environments.

Table 1  Normalized EMG activity values for selected muscles for all subjects when walking on dry land and in water, where 
TA = m. tibialis anterior, GM = m. gastrocnemius, RF = m. rectus femoris, BF = m. biceps femoris, ES L/R = mm. erectors 
spinae left/right

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5

  land water land water land water land water land water

TA 21.64 21.96 12.88 16.33 12.07 5.69 16.29 33.10 22.12 11.31

GM 20.32 16.84 23.55 23.77 6.68 6.76 33.81 28.94 80.05 44.77

BF 7.12 6.94 12.98 15.19 8.28 6.34 5.62 6.64 19.53 6.90

RF 63.00 82.73 43.43 38.53 12.32 12.16 21.14 22.47 19.86 14.87

ES L 95.95 19.30 156.06 72.85 42.56 38.23 28.27 36.00 98.26 59.19

ES R 62.17 23.22 34.03 22.05 55.71 28.47 9.78 10.87 87.25 38.31

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5

  land water land water land water land water land water

TA 21.64 21.96 12.88 16.33 12.07 5.69 16.29 33.10 22.12 11.31

GM 20.32 16.84 23.55 23.77 6.68 6.76 33.81 28.94 80.05 44.77

BF 7.12 6.94 12.98 15.19 8.28 6.34 5.62 6.64 19.53 6.90

RF 63.00 82.73 43.43 38.53 12.32 12.16 21.14 22.47 19.86 14.87

ES L 95.95 19.30 156.06 72.85 42.56 38.23 28.27 36.00 98.26 59.19

ES R 62.17 23.22 34.03 22.05 55.71 28.47 9.78 10.87 87.25 38.31

Table 2 P-value TAl – TAw = m. tibialis anterior on dry land – m. tibialis anterior in water, GMl – GMw = m. gastrocnemius 
on dry land – m. gastrocnemius in water, RFl – RFw = m. rectus femoris on dry land – m. rectus femoris in water,  
BFl – BFw = m. biceps femoris on dry land – m. biceps femoris in water

Muscle l/w P-value

GMl – GMw 0.004942

TAl – TAw 0.6301

RFl – RFw 0.003256

BFl – Bfw 0.3432
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Comparison of muscle activity when walking on dry land and in water
Analysis results showed that for four subjects (1–4), leg muscle activity was unchanged 
when walking in water as compared to dry land, but subject 1 exhibited a 20% increase 
in activity of m. rectus femoris. Similarly, subject 4 diff ers from the others in having 
increased activity in m. tibialis anterior. Subjects 2 and 3 had no change in m. gastroc-
nemius activity whatsoever (see Figure 6). Subject 1 also had no changes in activation 
of m. tibialis anterior and m. biceps femoris due to environment. On average, muscle 
activity in Parkinson’s patients increased by 1.5% in water. It was statistically proven 
that for subjects 1–4, m. gastrocnemius activity in a changed environment remained 
the same (p-value = 0.004942). In subjects 1–4, m. rectus femoris also exhibits sig-
nifi cant statistical correlation between activity on dry land and in water (p-value = 
0.003256). Subject 5 exhibited a mean reduction in muscle activity of 16%, with the 
greatest diff erence in activity on dry land and in water (35% more in water) being ex-
hibited by m. gastrocnemius. Subjects also had variable participation of paravertebral 
muscles, but except for subject 4, their activity declined in water by an average of 30%. 
Th e diff erent activities of paravertebral muscles in subject 4 from others in the set, as 
far as percent diff erence when walking on dry land and in water is concerned, could 
be caused by the fact that he was signifi cantly taller than the rest.

Th e above results thus show comparable activity when walking on dry land and 
in the water for subjects 1–4 in the m. tibialis anterior, m. gastrocnemius, m. rectus 
femoris and m. biceps femoris, which was the main focus of the experiment. For para-
vertebral muscles, individuals exhibited signifi cant diff erence, but overall their activity 
declined in water. 

	  

TA	   GM	   BF	   RF	  
subject	  1	   0	   -‐3	   0	   20	  

subject	  2	   3	   0	   2	   -‐5	  

subject	  3	   -‐6	   0	   -‐2	   0	  

subject	  4	   17	   -‐5	   1	   1	  

subject	  5	   -‐11	   -‐35	   -‐13	   -‐5	  

-‐40	  

-‐30	  

-‐20	  

-‐10	  

0	  

10	  

20	  

30	  

Figure 6 Percent diff erence in muscle activity (TA, GM, RF, BF) for individual subjects when walking on dry land and in 
water, where TA = m. tibialis anterior, GM = m. gastrocnemius, RF = m. rectus femoris, BF = m. biceps femoris, and where 
the y-axis scale is in %
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DISCUSSION

Swimming and exercise in pools is recommended as a suitable activity for Parkin-
son’s patients (Kolář et al., 2009; O’Nihill et al., 2001; Haggerty, 2009; Rosenstein, 
2008; ADPA), but more detailed studies on have not been done in this area. Our EMG 
study focused on comparing differences in electrical muscle activity when walking 
on dry land and in water for patients with Parkinson’s disease. Walking speed in wa-
ter was 40 steps/min, where the water level was up to the proc. xiphoideus, and 70 
steps/min on dry land. Our results did not prove a trend towards reduced leg muscle 
activity when walking in water as it is in the healthy population regardless of age, as 
stated by Masumoto et al. (2004, 2007a, 2007b, 2008) and Barela (2006). Fujisawa 
(1998) and Hollander (2011) also describe reduced electrical muscle activity during 
muscle activity in water, but these studies do not deal with walking in water. Barela 
(2006) showed in his study that the activation pattern in water did not change for the 
m. gastrocnemius. This was also confirmed in this experiment, along with unchanged 
m. rectus femoris activity in water, except for subject 5. Subject 5 was in a more ad-
vanced phase of the illness than the others; he exhibited stiffness and prominent arm 
tremors. He was the last to be tested, and the effect of his chronic medication could 
have had a reduced effect. With Parkinson’s patients it was difficult to affix electrodes 
securely in water due to their increased production of skin oils, which is related to the 
vegetative symptoms of Parkinson’s disease (Pahwa, 2004; Berger et al., 2000; Roth et 
al., 2005, 2009). The results of the experiment show the serious impairment of motor 
control in patients with this diagnosis, because typical changes in movement patterns 
in water as described by Véle (2006), Masumoto et al. (2004, 2007a, 2007b, 2008 and 
Barela (2006) for healthy individuals did not occur. The effect of the pathological mo-
tor programme due to impaired basal ganglia function has a much stronger effect on 
movement behaviour than the effect of water on the biomechanical and kinetic be-
haviour of the afflicted individual. From the results obtained, we do not agree with 
Rosenstein’s claim (2008) that exercise in water and practicing walking in water can 
increase muscle strength in patients with Parkinson’s disease.

CONCLUSION

Regular movement therapy for patients with Parkinson’s disease is as important as 
regular administration of drugs. Rehabilitation is generally recommended for patients 
with Parkinson’s disease, but its effectiveness has not yet been fully proven. The results 
of our study indicate that in these patients, the contraction strategy of muscles does 
not change in water compared to movement on dry land. For this reason, rehabilita-
tion in water does not provide any benefit for rehabilitation of Parkinson’s patients 
over that on dry land, and the suitability of indicating this auxiliary treatment will to 
a great degree depend on the relationship of the given individual to water.
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