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Abstract Exercise training has been shown not only to

influence physical fitness positively but also cognition in

healthy and impaired populations. However, some partic-

ular exercise types, even though comparable based on

physical efforts, have distinct cognitive and sensorimotor

features. In this study, the effects of different types of

exercise, such as fast ball sports and dance training, on

brain electrical activity were investigated. Electroenceph-

alography (EEG) scans were recorded in professional

dancer, professional fast ball sports athlete (FBSA) and

healthy control volunteer groups consisting of twelve

subjects each. In FBSA, power of delta and theta frequency

activities of EEG was significantly higher than those of the

dancers and the controls. Conversely, dancers had signifi-

cantly higher amplitudes in alpha and beta bands compared

to FBSA and significantly higher amplitudes in the alpha

band in comparison with controls. The results suggest that

cognitive features of physical training can be reflected in

resting brain electrical oscillations. The differences in

resting brain electrical oscillations between the dancers and

the FBSA can be the result of innate network differences

determining the talents and/or plastic changes induced by

physical training.

Keywords Exercise � Plasticity � EEG � Dancers � Fast

ball sports athletes � Resting state networks

Introduction

Research suggests that both genetic and environmental

factors affect the development and physical structure of the

brain (Lenroot and Giedd 2008). Exercise training has also

been shown not only to influence physical fitness posi-

tively, but also cognition (Kramer and Erickson 2007a, b).

Its effects are positive for both normal and cognitively

impaired adults, middle-aged adults, and children

(Schneider et al. 2009; Gonzales et al. 2012).

The use of exercise and dance in the therapy of some

medical conditions also supports the beneficial effects of

exercise in different forms on brain functions. In Parkinson

disease (PD), recent studies indicate that dance may be an

effective alternative to traditional exercise for addressing

areas of concern to individuals with PD such as gait and

posture (Earhart 2009; Heiberger et al. 2011). Dance

therapy is not only recommended for posture and balance

rehabilitation, but also as an alternative to aerobic exercise

(Belardinelli et al. 2008; Kattenstroth et al. 2010).
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The underlying causes of the effects of exercise on brain

function could be that exercise can increase levels of brain-

derived neurotrophic factor (BDNF) and other growth

factors that stimulate neurogenesis, increasing the resis-

tance of the brain to insult and improve learning and

mental performance. In addition to increasing levels of

BDNF, exercise mobilizes gene expression profiles that

would be predicted to benefit brain plasticity processes

(Cotman and Berchtold 2002; Adlard et al. 2004).

There are strategies to examine the effects of external

impacts like exercise and skills trainings on brain structures

and functions. One method that analyzes dynamic changes

in the brain with high time resolution incorporates elec-

troencephalography (EEG) (Basar 2013).

Given the difficulties of recording EEG during move-

ment, researchers have explored alternative ways to apply

EEG methodologies in the sports sciences (Thompson et al.

2008). One approach is to record EEG outside of the

execution of the sporting task itself to assess long-term

outcomes or to understand pre-task, post-task short term

cortical processes.

The EEG consists of the activity of oscillators generat-

ing rhythmic activity in several frequency ranges. Power

spectral signal analysis of spontaneous EEG activity con-

stitutes one of the most important and most commonly used

analytical tools for evaluating neurophysiological signals

in health and also in diseases (Lopes Da Silva 1978; Basar

1980, 2012; Basar et al. 2001; Basar and Guntekin 2013).

A large body of evidence suggests that oscillatory activity

in all frequency bands is linked to a broad variety of per-

ceptual, sensorimotor, and cognitive operations (Basar

et al. 2001; Aoki et al. 1999; Palva and Palva 2007).

In this study, the effects of different types of exercise,

such as fast ball sports and dance training, on resting brain

electrical activity were investigated. The plasticity induced

changes of physical exercise and the training effects of

repeated practice of skills over an extended period of time

in fast ball sports and dancing may have additive effects on

brain networks and functions. As dance and fast ball sports

have specific differences related to cognition, sensorimotor

execution, and functional neural networks, we hypothesize

that those changes induced by training effect and physical

exercise might differently reflect on slow and fast com-

ponents of spontaneous brain electrical activity.

In ball sports, one has to adapt to the unexpected envi-

ronmental changes related to the game, especially under

severe time constraints. Fast ball sports athletes (FBSA)

have to execute their actions in a very short time. FBSA

anticipate future events by extracting advance sensory

information from the opponent’s movements before the

ball is released and have to inhibit the inappropriate actions

that interfere with the correct ones (Williams and Grant

1999), which might be associated with delta activity. As

they encounter continuously new information, FBSA might

rely heavily on working memory-emotion based con-

sciousness. In general, theta activity is associated with

attentional processing, spatial navigation and with the

processing of new (episodic) information and working

memory (Basar-Eroglu et al. 1992; Sauseng et al. 2010).

In dancing, movement and gestural representations with

the rhythm of the music are practiced repeatedly in inter-

personal coordination in space and time. Figures are prac-

ticed to perfection to minimize unexpected events, which

might involve beta band activity. Dancers heavily use motor

control in terms of postural control, equilibrium mainte-

nance, and stabilization, as well as sequence learning (Blä-

sing et al. 2012). Motor experience, imagination and memory

are also important components in practicing dance where

alpha band activity might be involved (Isoglu-Alkac and

Strüber 2006; Klimesch et al. 2007; Klimesch 2012).

In the current study, EEGs of modern dancers and FBSA

were compared. Our hypotheses were (1) acquired and/or

innate features of modern dance and fast ball sports can

reflect spontaneous brain electrical activity; (2) dancers

may have higher fast activity whereas FBSA may have

higher slow activity.

Materials and methods

Participants

Twelve physically active, modern dancers (6 males; age:

30.58 ± 1.09; education year: 15.91 ± 0.69; activity year:

9.91 ± 0.65; daily practicing hour: 2.5 ± 0.72), 12 pro-

fessional FBSA (6 males; age: 24.33 ± 0.43; education

year: 14.75 ± 0.13; activity year: 9.83 ± 0.51; daily

practicing hour: 3.08 ± 0.90), and 12 healthy control vol-

unteers (6 males; age: 23.08 ± 0.94; education year:

14.33 ± 0.47), all right-handed, were included in the

study. All participants had neither neurological or psychi-

atric disorders, nor sensory deficiencies. The study was

performed in accordance with the Declaration of Helsinki.

The study was approved by the ethical committee of

Istanbul University, Istanbul Faculty of Medicine,

Approval No: 2010/450-123.

Electrophysiological recordings

The EEGs were recorded from 19 scalp electrode sites of

the 10–20 system (Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz,

C4, T4, T5, P3, Pz, P4, T6, O1, and O2) unipolarly, using

an electro-cap system referenced to the earlobes and the

grounding electrode being at Fpz. The MITSAR (WinEEG)

recording system and analysis software were used. The

recording of bipolar electrooculographic (EOG) data
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monitored blinking and eye movements. Electrode

impedance were kept under 5 kX. The raw data were

digitized at a sampling rate of 500 Hz with an online

bandpass filter of 0.3–30 Hz in continuous recording mode.

EEGs for 5 min were recorded while the participants kept

their eyes closed. Each subject was given instructions to

stay relaxed and awake without eye movements to avoid

motion artifacts. Epochs that had EEG amplitudes higher

than ±100 lV was rejected. Epochs having higher than

±50 lV waves in 0.5–1 and 20–30 Hz bands were also

rejected. After automatically artifact rejection the remain-

ing epochs were visually inspected for eye movement or

blink artifact in the EOG channel.

Power spectrum

The spectral power in background EEG has been used to

investigate neural activity during the eyes-closed condi-

tions. After the artifacts elimination, the relative EEG

power spectra were calculated at 0.5–30 Hz band in all

channels and epochs of 4 s with Fast Fourier Transfor-

mation algorithm. Mean relative power was obtained by

averaging the relative power per frequency band in fifty

epochs. Subsequently, delta (0.5–4 Hz), theta (over

4–8 Hz), alpha (8–12 Hz) and beta (over 12–30 Hz)

powers were extracted from the total spectrum.

Statistical analysis

Group differences in mean relative power were assessed by

two-way analysis of variance (ANOVA) for frequency bands

of delta, theta, alpha, and beta. The first group factor included

three levels: dancers, FBSA, and control volunteers; the

second factor was the location of the electrodes (channel) (19

levels: Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5,

P3, Pz, P4, T6, O1, and O2). Post hoc Bonferroni test was

used where necessary. Statistical analyses were carried out

with SPSS version 20.0, with alpha set at 0.05.

Results

Demographic data

Demographic data of the groups were compared by

ANOVA and post hoc Bonferroni tests. The ages of

dancers were significantly higher than the other groups

(F(2, 33) = 21.33; p = 0.001). There was no significant

difference for the education, activity and daily practicing

hours between the groups.

Topographic mapping of the groups

Figure 1 displays maps showing topographical details of

the each frequency during the eyes-closed condition in the

dancers, controls and FBSA for the 19 channels. The maps

of FBSA were characterized by evident slow (delta and

theta) frequency bands. Compared with the FBSA, the

dancers showed higher amplitudes of the alpha and beta

frequencies.

Comparison of EEG power of dancers, FBSA

and controls

Delta (0.5–4 Hz) frequency

The delta band power was statistically significant for group

(F(2, 627) = 24.76; p = 0.0001; see Figs. 1, 2) and

Fig. 1 Maps show

topographical details of the

delta, theta, alpha and beta

frequencies during eyes-closed

condition for the dancers,

controls and fast ball sports

athletes (FBSA). The maps of

FBSA were characterized by an

evident slow (delta and theta)

frequency bands. Compared

with the FBSA, the dancers

showed higher amplitude of the

alpha and beta frequencies. The

controls were in between the

dancers and the FBSA
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channel (F(18, 627) = 16.76; p = 0.0001). In post hoc

tests (Bonferroni), delta power of the FBSA was signifi-

cantly higher than the dancers (p = 0.0001) and controls

(p = 0.001). Also, delta power of the dancers was signif-

icantly lower than the controls (p = 0.003).

Theta (4–8 Hz) frequency

The theta band power was statistically significant for group

(F(2, 627) = 6.46; p = 0.002; see Figs. 1, 2) and channel

(F(18, 627) = 15.93; p = 0.0001). Bonferroni post hoc

testing indicated that the theta power was significantly

higher in the FBSA compared with dancers (p = 0.005)

and controls (p = 0.006).

Alpha (8–12 Hz) frequency

The alpha band power was statistically significant for

group (F(2, 627) = 25.32; p = 0.0001; see Figs. 1, 2) and

channel (F(18, 627) = 24.42; p = 0.0001). The alpha

power of dancers was higher than the FBSA (p = 0.0001)

and also controls (p = 0.0001) with Bonferroni post hoc

testing. Also, the FBSA had smaller alpha power than

controls (p = 0.01).

Beta (12–30 Hz) frequency

The beta band power was statistically significant for group

(F(2, 627) = 13.87; p = 0.0001; see Figs. 1, 2) and

Fig. 2 Statistical analysis of the

relative spectral power in three

groups for the delta, theta, alpha

and beta frequencies during

eyes closed condition. The

significance between the groups

shows the results of the

Bonferroni post hoc testing at

the 19 channels. *p \ 0.05;

**p = 0.001; ***p = 0.0001
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channel (F(18, 627) = 4.38; p = 0.0001). The beta power

of the dancers was higher than the FBSA (p = 0.0001) and

also the controls (p = 0.0001) with Bonferroni post hoc

testing.

Discussion

The results of the study showed different EEG band power

patterns for the FBSA, dancers and controls. Among

FBSA, powers of slow frequencies were significantly

higher than the dancers and controls. Conversely, dancers

had significantly higher amplitudes in alpha and beta bands

compared with FBSA. Also dancers had significantly

higher amplitudes in alpha than controls.

EEG data in professional dancers and FBSA are rela-

tively scarce. In one study, expert dancers produced more

alpha during mental imagination of creative dance than

novices (Fink et al. 2009), whereas there were no signifi-

cant differences in the EEG during imagination of waltz

dancing between the groups (Belardinelli et al. 2008). In

previous studies, increased alpha power was found for

high-fit relative to low-fit subjects (Dustman et al. 1990).

Lardon and Polich reported that compared with controls

young adult exercise subjects produced less baseline delta

but greater spectral power in alpha, theta, and beta bands

(Lardon and Polich 1996). The underlying causes of these

findings were explained at least in part as being related to

improved neurotransmitter functioning and increased

vascularization.

In healthy controls that learned to dance tango, a shift in

cortical activation, with increased activity in the premotor

and supplementary motor areas during imagined walking

following a series of tango lessons was reported (Sacco

et al. 2006).

Cognitive features that are apparently different in

dancers compared with FBSA include the use of self-

reflection and self-awareness in the emotional, motor, and

kinesthetic domains. The movements, gestures, and figures

are practiced repeatedly to perfection and unexpected

events are suppressed. There is synchronization of one’s

movements to those of another dance partner or to the

rhythm of the music, where timing and attention have

important effects (Minvielle-Moncla et al. 2008).

Imagery is also a crucial part of dance and dance

training. Dancers use mental imagery in creating new

material and artistic expression which might associate with

alpha activity (Fink et al. 2009); kinesthetic imagery is

used to heighten the imagery of kinesthetic sensations.

Motor imagery is also used in dance training to help

memorize complex movements. It is accompanied with

beta band activity observed in a broad range of cortical

areas (Bläsing et al. 2012). In the motor system, beta band

activity apparently relates to maintenance of the current

motor set and the dominance of endogenous top-down

influences that override the effect of potentially novel, or

unexpected, external events. To bring the gestures and

movements to perfection in dance seems to relate closely to

beta band activity (Engel and Fries 2001).

However, the features that distinguish expertise in fast

ball sports are a better adaptation of the perceptual motor

system to unexpected environmental changes under time

constraints (Runigo et al. 2010). This may be the result of

shorter visuomotor delay and efficient reprogramming of

motor responses within limited time periods (Nakamoto

and Mori 2012). According to Knyazev, functional delta

oscillations appear to be implicated in the synchronization

of brain activity with autonomic functions and in cognitive

processes related to attention and the detection of moti-

vationally salient stimuli in the environment (Knyazev

2012).

The increased spontaneous alpha and beta EEG band

powers in dancers is a parallel finding to increased alpha

and beta power, which correlates positively with activity in

the default mode network (DMN) and self-referential net-

works that were identified in concomitant fMRI and EEG

studies (Laufs et al. 2003; Mantini et al. 2007). The activity

during the eyes-closed resting state is linked to cognitive

processes like random episodic memory (Buckner and

Carroll 2006) and related imagery, conceptual processing

(Greene et al. 2001), stimulus-independent thought (Cal-

houn et al. 2004), and self-reflection (Mason et al. 2007).

Most of the cognitive processes that signify self-referential

network also might be involved in dance performance.

Spontaneous resting activity, measured by blood oxygen

level-dependent (BOLD) in fMRI in the resting awake or

anesthetized brain, is organized in multiple highly specific

functional anatomical networks (resting state networks,

RSNs), only one of which corresponds to the DMN (RSA

1) (De Luca et al. 2006; Damoiseaux et al. 2006). Those

RSNs strongly overlap with sensorimotor, visual, auditory,

attention, language, and default networks that are com-

monly modulated during active behavioral tasks (Fox et al.

2006; Mantini et al. 2007; Harrison et al. 2008).

As alpha and beta powers correlate with self-referential

cognitive processes, theta and delta powers were found to

be correlated with sensory networks as visual, auditory, and

sensorimotor systems respectively (Jann et al. 2010).

Increased delta and theta powers in the FBSA compared

with dancers and the controls also might suggest decreased

arousal in the FBSA. Relatively short recording time and

instructions given before the recordings make this possi-

bility unlikely, but not impossible. In this study, the mean

age of dancers was 6 years more than the FBSA and the

controls. However, in this decade age group (3rd), signif-

icant differences between EEG power bands seem unlikely.
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This is the first study comparing the resting brain elec-

trical activity of two different exercise types from cognitive

and sensorimotor perspectives, namely, professional

dancers and FBSA. EEG band power differences of FBSA

and dancers from the control subjects support the previous

studies that showed exercise induces changes in the brain.

The differences that were shown also may indicate innate

network differences of the individuals or reflect their tal-

ents that made them choose or excel at a particular exercise

type. However, long and time consuming exercise for years

also may lead to plastic changes on the disposed neural

networks. The findings confirm association of the func-

tional significance of the EEG bands and the cognitive and

sensorimotor features of the particular exercise. However,

to delineate the differences between the FBSA and dancers

whether innate or induced, findings from our cross-sec-

tional study should be replicated with longitudinal studies

using different paradigms delineating the more specific

aspects of the EEG band differences.

Conclusion

Being an elite dancer or a FBSA requires long-term, reg-

ular exercise and skill training that can induce plastic

changes involving the brain. Two professional groups

apparently have different cognitive and sensorimotor fea-

tures that might be innate or induced by the particular

training or both. The different distribution of the EEG

bands between the two groups confirms the association of

features of the exercise type and functional significance of

the EEG bands.
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