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Abstract: Th e aim of this study was to assess the eff ect of music therapy (MT) with 
artifi cially implemented physiological complexity (PHC) in patients in the fi rst and 
second stages of dementia. 

Th e research was conducted on 34 seniors divided into three groups: (1) group with 
MT with PHC; (2) group with MT without PHC; (3) control group with no MT. Th e 
participants ’cognitive functions were assessed by the Mini-Mental State Examination 
(MMSE) and the Addenbrooke’s Cognitive Test (ACE). 

A high proportion of participants were excluded during the study due to their health 
condition. No signifi cant diff erence was found between the compared groups. None-
theless, the overall results look promising: In the MT group with PHC, the cognitive 
functions improved in 3 patients; in the MT group without PHC, 1 patient improved; 
in the control group with no MT, there was no improvement in any of the participants. 
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1 Introduction

Alzheimer’s disease (AD) is a severe neurodegenerative brain disease in which the 
patient suff ers from dementia. According to WHO (2019), AD accounts for 60–70% 
of dementia cases. According to qualifi ed estimates, the number of people with de-
mentia in the Czech Republic reaches up to 150.000 (ČALS, 2016). Th e increase in 
the incidence of this disease is worrying – over the next twenty years, the number 
of people aff ected is estimated to double worldwide (ADI, 2019). Although many 
research teams are trying to fi nd a cure to eliminate harmful beta amyloid plaques, 
there is no treatment in current medicine that could address this disease eff ectively 
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(WHO, 2019). Th e only option therefore remains slowing the progression of the 
disease and using a variety of rehabilitation methods that help to train and main-
tain basic cognitive functions – thinking, memory, judgment. Th e patient’s cognitive 
abilities, such as memory, attention, logical reasoning, and motor performance, are 
tested by standardized tests: Th e Addenbrooke’s National State Examination (ACE) 
(Mioshi, Dawson, Mitchell, Arnold, & Hodges, 2006), Mini-Mental State Examina-
tion (MMSE) (Folstein, Folstein, & McHugh, 1975), or the Montreal Cognitive As-
sessment (MoCA) (Nasreddine et al., 2005). 

Studies of patients with Alzheimer’s disease (as well as Parkinson’s disease) show 
that music is an essential therapeutic element for these patients (Herholz, Herholz, 
& Herholz, 2013; Irish et al., 2006; Lyu et al., 2018; McDermott, Crellin, Ridder, 
& Orrell, 2013). Th e acclaimed British neurologist Dr. Oliver Sacks, a recently de-
ceased NYU School of Medicine professor, claimed that the ability of these patients 
to respond to music is incredible – they oft en suff er from aphasia, but they can sing 
and play musical instruments. Th ese fascinating stories are described in the book 
Musicophilia: Tales of Music and the Brain (Sacks, 2015). He literally says that “music 
therapy can aid these patients, because musical perception, musical sensibility, musi-
cal emotion and musical memory can survive long aft er other forms of memory have 
disappeared” (Sacks, 2015). From this point of view, working with musical stimuli 
becomes one of the few rehabilitation therapies these patients are capable of. 

Th e aim of our research was to verify the eff ectiveness of the music therapy meth-
od, which is based on empirically confi rmed eff ects of musical stimuli in patients 
with neurological problems and is motivated by the studies of the pioneer of new 
rehabilitation methods Nicholas Stergiou (Biomechanics Lab, University of Nebraska, 
Omaha) (Hunt, McGrath, 2014). Th ese are based on signals (sound, visual stimuli, 
tactile stimuli) that specifi cally contain artifi cially implemented physiological com-
plexity (such as pink noise). Th e point is that the physiological signals (ECG, EEG, 
gait rhythm) of a healthy organism show some degree of complexity, so the signal is 
neither too simple (for example periodic), nor too random (as is the case with white 
noise). Th e optimal degree of complexity is diffi  cult to quantify, although there are 
already several new mathematical tools such as Multiscale Entropy (Costa, Gold-
berger, & Peng, 2005), Detrended Fluctuation Analysis (Schumann & Kantelhardt, 
2011). Th e so-called pink noise is a random signal with such a frequency response 
that the power spectral density is inversely proportional to the frequency of the sig-
nal. Th is type of noise surprisingly occurs in many biological systems – for example, 
in the rhythms of heart activity (Ryan, Goldberger, Pincus, Mietus, & Lipsitz, 1994), 
human brain activity (Natarajan, Acharya, Alias, Tiboleng, & Puthusserypady, 2004) 
or DNA sequence statistics (Mantegna et al., 1994). With biological aging and dis-
ease, physiological complexity decreases, for example, in the dynamics of heart rate, 
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breathing, or gait (Manor et al., 2010), which is an aspect that strongly corresponds 
to the intent of the research. 

One of the possible approaches is to implement a pink noise disturbance into 
parts of the musical works that will be used in therapies. 

Th e aim of this research was to work with patients in the fi rst and second stages 
of dementia, using musical stimuli enriched with physiological complexity and sub-
sequently evaluate (using standardized tests) whether their cognitive functions have 
improved. We quantifi ed this improvement relative to the control group, which also 
underwent music stimuli therapy, but without implemented physiological complex-
ity. Both groups were compared with another control group that did not receive 
music therapy. Th is design of the study made it possible to evaluate the eff ect of 
music therapy as such and to recognize whether physiological complexity is the key 
component that intensifi es the potential eff ect of music therapy. 

Th e study was approved by the Ethics Committee of the University Hospital Olo-
mouc and the Faculty of Medicine of Palacký University in Olomouc on 11 December 
2017, reference number 165/17. 

2 Material and Methods

2.1 Sample selection

Th ree groups of patients were assembled in the POHODA Senior Home in Chvál-
kovice in agreement with the management of the organization. Seniors in the fi rst, 
at most in the second stage of dementia (n = 34) were selected according to the rec-
ommendations of a neurologist and a psychiatrist. Th e patients were selected by the 
psychiatrist based on standardized tests. 

Th e participants were divided into three groups: Th e fi rst group consisted of 
12 seniors who did not take part in music therapy; this group is called control group 
(C) and its purpose was to monitor how the condition of seniors develops without 
therapeutic interventions. Th e second group consisted of 11 seniors, with whom we 
worked using music therapy with implemented physiological complexity; we call it 
PHC. Th e third group consisted of 11 seniors, with whom we worked using music 
therapy without implemented physiological complexity, we call it M. 

2.2 Tools

To carry out the experiment, it was necessary to create know-how to enrich the 
recording of MIDI music with physiological complexity. Th is algorithm has already 
been published by the authors, including the results of a pilot study to determine what 
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degree of physiological complexity implemented in musical stimuli is acceptable to 
listeners (Dohnalova & Furst, 2017). 

Th e standardized Mini-Mental State Examination (MMSE) and the Addenbrooke’s 
Cognitive Test (ACE) were used to diagnose participants. Th e Czech version of the 
MMSE test was validated on the Czech senior population in 1998 (Tosnerova & Bah-
bouh, 1998). Th e Czech version of the ACE test was validated on the Czech popula-
tion in 2009 (Hummel-Fanfrdlova et al., 2009).

2.3 Experiment design

Th erapy in both active groups (M and PHC) took place twice a week, on Mondays 
and Th ursdays always for 45 minutes, from 9 November 2017 to 26 April 2018. Th e 
sessions were conducted by two music therapists – on Mondays the fi rst therapist 
always worked with the groups PHC and M, on Th ursdays the other one worked with 
both groups (it was necessary to eliminate the infl uence of diff erent personalities 
on patients, therefore we always kept the same algorithm). Th e beginning and the 
end of each session were devoted to listening to the fi rst sentence of Mozart’s Sonata 
Facile, in which we implemented physiological complexity for PHC group. We also 
included activation methods – singing and playing simple instruments in between. 
Furthermore, we used reminiscence therapy, which is very suitable for patients with 
dementia (Ashida, 2000; Herholz et al., 2013). 

2.4 Statistical analysis of the data

Due to a small number of participants in each group, statistical tests should be used 
with caution. All tests will only carry very little weight, so it is unlikely that we will 
fi nd eff ect unless it is signifi cantly strong. Th e diff erences in continuous variables 
(e. g. age) between the groups were tested by the Kruskal-Wallis test, which is a non-
parametric version of the analysis of variance. Due to the small number of patients, 
we preferred data visualization to formal testing. 

3 Results

In all groups we worked with very old and oft en ill people who also suff er from 
dementia in the fi rst or second degree of disability. It was therefore not possible to 
obtain entry and fi nal questionnaires from all participants. In the control group C 
we received 8 entry questionnaires and 5 fi nal questionnaires, in the music therapy 
group M 11 entry and 10 fi nal questionnaires, and in the PHC group we obtained 
7 entry and 4 fi nal questionnaires.
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In the course of the experiment, the age of the patients proved to be one of the 
most important factors. Th e age structure of all three groups is shown in Figure 1. 
Th ere is no diff erence in median age between groups (Kruskal-Wallis test does not 
reject the hypothesis of the same medians, p = 0.54). However, it can be seen that 
age dispersion in the music therapy group is smaller. In the other two groups age 
dispersion was larger, so more seniors in these groups were indeed very old. It has to 
be counted on more health complications in older patents. For example, in the PHC 
group one patient died during the experiment and the general health of fi ve others 
worsened to the extent that they were unable to complete the experiment. Th ere were 
also four deaths and three hospitalizations in group C.

Figure 1: Th e age structure of participants in the three treatment groups: the control group (C, n = 12) 
without music therapy; the music therapy group with implemented physiological complexity (PHC, n = 11); 
the music therapy group without implemented physiological complexity (M, n = 11). 

Th ere was no signifi cant diff erence between the results of the entry MMSE test be-
tween the groups (p = 0.23), although the PHC group achieved slightly better results. 
Th e median MMSE score was 18, 25 and 20 in the C, PHC and M groups. Th ere 
was also no signifi cant diff erence between the ACE test results between the groups 
(p = 0.46), although the PHC group again achieved slightly better results. Th e median 
ACE score was 48, 63 and 40 in groups C, PHC and M. 

For further analysis, we subtracted the value of the entry score and the fi nal score. 
Th is has eliminated to some extent the problem of entry score imbalance between 
the groups. Th e number of seniors who had at least one initial examination was so 
low that we chose a visual presentation of the data. Figure 2 shows the development 
of the MMSE scores of individual seniors.
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Figure 2: Th e development of the MMSE scores of seniors in the individual groups. Left : the line always 
links the entry and fi nal scores of one patient. Right: the diff erence between the entry and fi nal score values; 
a positive value of the diff erence indicates improvement. Th e control group (C) without music therapy; the 
music therapy group with implemented physiological complexity (PHC); the music therapy group without 
implemented physiological complexity (M). 

It can be seen on the left  side of Figure 2 that the condition of all seniors in the con-
trol group worsened. In the music therapy group M, all participants except one also 
got worse. In the PHC group with physiological complexity, the condition of three 
patients improved and one worsened. On the right side of the fi gure the diff erences 
between the MMSE entry and fi nal scores were used. Th e participants whose MMSE 
value improved aft er therapy had a positive diff erence. Th e fi gure shows that in the 
PHC group the improvement in the MMSE test predominated, while in the M and 
C groups the deterioration was rather worse. If we test whether the diff erence in this 
change of the score is signifi cant between the groups, the Kruskal-Wallis test does 
not reject the median compliance (p = 0.11). 

Th e same analyses were performed on the ACE test results. Th e diff erence between 
the groups is not signifi cant here either (p = 0.75), nor does the data display show any 
indication of the eff ect (see Figure 3). Almost all patients in all the groups got worse, 
except one in the PHC group and one in the M group. 
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Figure 3: Th e development of the ACE scores of seniors in the individual groups. Left : the line always links 
the entry and exit scores of one patient. Right: the diff erence between the entry and fi nal score values; 
a positive value of the diff erence indicates improvement. Th e control group (C) without music therapy; the 
music therapy group with implemented physiological complexity (PHC); the music therapy group without 
implemented physiological complexity (M). 

Figure 4 shows the percentage change between the entry and fi nal scores in both 
used tests (MMSE and ACE) simultaneously. 

Figure 4: Th e percentage change between the entry and fi nal scores in the MMSE and ACE tests in the three 
groups: Th e control group (C) without music therapy; the music therapy group with implemented physio-
logical complexity (PHC); the music therapy group without implemented physiological complexity (M). 
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4 Discussion

Th e aim of this study was to work with patients in the fi rst and second stages of 
dementia, using musical stimuli enriched with physiological complexity and subse-
quently to evaluate whether their cognitive functions have been improving (using 
standardized tests). In order to quantify the improvement/deterioration of cognitive 
functions in the study group, its results were compared with two other groups: a con-
trol group that did not receive music therapy and another group that also received 
music therapy but without implemented physiological complexity. Th is study design 
makes it possible to evaluate the eff ect of music therapy as such and to recognize 
whether physiological complexity is the key component that enhances the potential 
eff ect of music therapy. 

Th e course of the therapy sessions was always the same. Th e result of this regular-
ity was to induce a sense of familiar and anticipated ritual that led to calming of the 
seniors. In patients with dementia, the need for basic trust, which results from a loss 
of self-confi dence, comes to the fore (Orti et al., 2018). Th erefore it was necessary 
to ensure such an environment during the experiment and to avoid changes in the 
routine of activation and therapeutic methods. It is important to note that, according 
to Maslow’s Pyramid of Needs (Maslow, 1943), patients with dementia are at great 
risk at the basic stages of the pyramid by losing their sense of safety and security, and 
subsequently their sense of recognition, respect and self-realization. 

In the course of music therapy in both M and PHC groups, the emphasis was also 
placed on working with breath and focusing on the physical body and its manifesta-
tions while listening to music. In addition to listening to recorded music, we used 
activation methods – singing, playing simple instruments, and we also included 
reminiscence therapy. Using these methods, we achieved good results in stimulat-
ing long-term memory pathways. According to several foreign studies (Patel, 2003; 
Simmons-Stern, Budson, & Ally, 2010), singing songs is more eff ective in stimulating 
memory paths than just reading texts or passively listening to music. When singing, 
folk songs became the most popular genre of our participants, in which they were 
able to recall a large number of stanzas of individual songs, including variable lyr-
ics. Th ese texts then evoked life situations associated with them in the patients and 
helped to reduce the uncertainty caused by dementia (van der Roest et al., 2007). 
Moreover, the results of foreign studies (Istvandity, 2017; Lyu et al., 2018; Orti et 
al., 2018) suggest that music therapy is eff ective in enhancing overall well-being in 
patients with dementia/AD. 

Th e evaluation of the fi nal tests showed that the uneven distribution of the par-
ticipants’ age and their cognitive abilities at the beginning of the study is a problem. 
Th e music therapy group M was most balanced in terms of age, with the smallest 
age variance among the patients. Th is was due to the fact that the department from 
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which this group was formed was established all at once, in a very short time, and 
thus was occupied by the clients not gradually, but within a month. Th is is probably 
also the reason why the smallest number of people died during the study period in the 
M group. Th e age and general health of the participants in the PHC group probably 
infl uenced the fi ndings of this study most signifi cantly: in this group one participant 
died, and fi ve others experienced a signifi cant deterioration in their health condition 
so they were no longer able to complete the therapy. 

According to the MMSE results, it is, however, an encouraging fact that the con-
dition of three patients in the PHC group improved and one worsened. Th is is quite 
interesting, especially considering that the patients with similar baseline scores in the 
music therapy group all deteriorated. Th e PHC group already achieved slightly higher 
results in the entry MMSE and ACE tests. Although the diff erences in the entry tests 
between the three groups were not signifi cant, the diff erences in the values of the 
entry and fi nal scores were preferred for further analyses. In this way, the problem 
of the imbalance of the entry score between the groups was eliminated. 

Although the results of this study are not statistically signifi cant – either due to 
the imbalance of the groups or the insuffi  cient number of participants in individual 
groups, its conclusions are still promising and motivate further research of the meth-
ods used. 

5 Conclusion

Th e study has fulfi lled the given goal – it brought new knowledge about the eff ect 
of music therapy with implemented physiological complexity. Although it was not 
possible to demonstrate a signifi cant eff ect of the therapy due to the small number 
of participants, the results are encouraging. We believe it is meaningful to continue 
exploring this approach in a larger sample of patients, as dementia and Alzheimer’s 
disease are an important issue in our civilization. 
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