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Abstract
Background: We investigated how the type of rehabilitation affects brain function and anti-
oxidant potential. Methods: Twenty-eight patients hospitalized for fall-related fractures were 
assigned to either a physical therapy group or an occupational therapy group. Cognition was 
assessed using the Touch Panel-type Dementia Assessment Scale (TDAS) and oxidative stress 
with serum pentosidine levels. Spectral analysis and coherence analysis were also performed. 
Results: Changes in TDAS scores and serum pentosidine levels did not differ significantly be-
tween the 2 therapies. Power spectral analysis revealed a significant intergroup difference in 
δ waves. Coherence analysis showed significant intergroup differences in the activities of δ 
waves and β waves. Conclusions: Cognitive function and antioxidant potential did not differ 
between the 2 types of rehabilitation. However, the impact on cerebral neuronal activity may 
have differed. © 2019 The Author(s) 

Published by S. Karger AG, Basel

Introduction

Deterioration not only of motor function but also of dual-task performance has been 
associated with falls in older people [1]. Body movements are seldom completed with a single 
motion. We need to allocate and balance our attention to dual tasks to carry out each task 
appropriately [2, 3]. The frontal association cortex is believed to play a major role in this 
function although available attention is limited [2]. Thus, we must perform tasks by allocating 
our limited resources to the right target.
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Brittle bones predispose older patients to bone fractures in a fall. Spinal vertebral fracture 
and proximal femur fracture are the most likely to occur [4, 5]. These fractures cause dete-
rioration of both activities of daily living and quality of life [6–8]. Patients hospitalized with 
fractures undergo rehabilitation to help them resume their ADL, to prevent becoming 
bedridden, and to allow them to return to their homes and social circles as early as possible. 
Rehabilitation is available in 2 forms, i.e., physical therapy (PT) and occupational therapy 
(OT). In many cases, patients with fall-related fractures undergo PT to recover/maintain 
fundamental movement skills and to prevent worsening of them.

Exercises involving only a single movement such as standing up or walking will not lead 
to improved daily life skills. Therefore, OT should be combined with PT to help maintain and 
improve the patient’s ability to apply movements and adapt to society by facilitating tasks 
such as eating, toileting, and bathing.

Exercise is believed to activate acetylcholine release and to promote the proliferation of 
neural stem cells [9]. Acetylcholine alters information transmission in the cerebral cortex, 
enhancing activity [10]. Electroencephalograms (EEG) allow changes in electrical potentials 
during the transmission of information to be visualized. Changes in frequency, amplitude, and 
spatial coherence in the brain are mainly brought about by changes in neurotransmitters [11]. 
The complicated neural network observed in the mammalian cerebral cortex has evolved as a 
well-balanced network between the excitatory glutamatergic projection neuron (pyramidal 
cell) and the inhibitory γ-aminobutyric acid (GABA) neuron (interneuron) [12]. Pyramidal cells 
compose the basic structure of nerve cells which are specialized in transmitting information 
between different cerebral cortex areas [13]. Interneurons transmit inhibitory signals to pyra-
midal cells to prevent them from going out of control. By numerically processing the electrical 
potential of brain waves, we can assess neural activity with power spectral analysis and neural 
synchronization with coherence analysis [14]. Synchronization of EEG is considered an index of 
the functional connectivity of the intrabrain network, and it is associated with age-related dete-
rioration of cognitive function. Connectivity between the frontal lobe and the occipital lobe of 
the brain is particularly important and believed to predict the risk of developing dementia [15].

Aging is the greatest risk factor for deterioration of cognitive function and promotes the 
accumulation of oxidative stress in the brain [16]. To evaluate oxidative stress, advanced 
glycation end-products resulting from the nonenzymatic reactions between glucose and 
protein in living cells are used as markers [17]. Moderate daily exercise has been reported to 
increase antioxidative enzymes [18, 19] and to enhance the ability to defend against oxidative 
stress [20]. Increased bone density and improved bone quality are believed to protect older 
people from osteoporosis which predisposes them to fractures [21]. Thus, we measured 
serum pentosidine levels, which are considered bone quality markers among the oxidative 
stress markers. If we compare the structure of bone to that of reinforced concrete buildings, 
the bone mass corresponds to the concrete sections, the bone quality to the reinforced steel, 
and pentosidine to “rust” on the reinforced steel [22].

In this study, we investigated whether brain function and antioxidant power would differ 
in patients hospitalized for rehabilitation following fall-related fractures in a PT group and a 
PT+OT group.

Materials and Methods

Participants
Of the 34 patients who were admitted to the convalescent rehabilitation ward of the 

Medical Corporation Yukoukai Kaikeonsen Hospital between June 1, 2017, and March 31, 
2018, for hip or vertebral fractures who had been diagnosed at admission by an attending 
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doctor as needing treatment for more than 1 month, 6 patients who met the exclusion criteria 
were ineligible and the remaining 28 patients were enrolled as study participants. Excluded 
were those whose fractures were caused by a strong external force, or who had severe compli-
cations other than bone fractures, or who were judged by a doctor to be unsuited to partic-
ipate in this study. 

Convalescent Rehabilitation
Hospitalization in the convalescent rehabilitation ward was limited to a maximum of 3 

months. The study participants were randomly assigned to 1 of 2 treatments at hospital-
ization, i.e., a PT group and a PT+OT group. Patients in the PT group received 120 min of PT 
every day during hospitalization, while those in the PT+OT group received 60 min of PT and 
60 min of OT. Rehabilitation continued until they were discharged from the hospital, and 
more than 80% of the participants completed the rehabilitation therapy.

Primary Endpoints
To evaluate the effectiveness of rehabilitation, the following items were determined both 

before (within 1 week after hospitalization) and after intervention (no later than 1 week 
before the planned hospital discharge date).

Cognitive Assessment 
The Touch Panel-type Dementia Assessment Scale (TDAS) was used for cognitive 

assessment [23]. It was developed by modifying the Alzheimer’s Disease Assessment Scale-
cognitive subscale (ADAS-cog) [24], a scale to assess AD patients’ cognitive function, and by 
equipping it with a touch panel system that enabled us to conduct a test in a shorter period 
of time (shortened from 60 to 20 min) even without expert assistance. The following 9 test 
items were included: following a command, visual-spatial perception, accuracy of the order 
of a process, naming fingers, orientation, money calculation, object recognition, and reading 
a clock face (of a nondigital clock). A total score of 0 was defined as perfect.

More incorrect answers meant higher scores. When all answers were incorrect, the score 
was 101 points.

Blood Tests
Measurement of serum pentosidine levels was outsourced to Falco Holdings Co., Ltd. 

(Kyoto, Japan).

Electroencephalography
Using the Neurofax EEG-1214 system (NIHON KOHDEN CORPORATION, Tokyo, Japan), 

EEG were recorded. The EEG was recorded in a 5-min period in subjects in the wake resting 
state from 19 electrodes positioned according to the International 10–20 system (i.e., Fp1, 
Fp2, F3, Fz, F4, F7, F8, T3, T4, C3, Cz, C4, T5, T6, P3, Pz, P4, O1, and O2). Data were sampled at 
500 Hz and band pass filtered at 30 Hz. The status of handedness for every participant was 
right-handedness. Special attention was devoted to obtaining maximal relaxation and coop-
eration of the subjects, obtaining high-quality EEG recordings, and avoiding well-known 
effects of stress and anxiety.

One epoch was defined as 2 s of EEG free of gross body movement-induced artifacts [25]. 
MATLAB R2017b was used to analyze data. We analyzed 10 epochs of EEG. Fp1 and Fp2 were 
excluded because of eye movements. Fast Fourier transformation was performed [26] to 
calculate the absolute value of the power spectrum at each frequency at each electrode, with 
each frequency defined as follows: δ wave, 0.5–3.5 Hz; θ wave, 3.5–7.5 Hz; α-1 wave, 7.5–9.5; 
α-2 wave, 9.5–12.5 Hz; β-1 wave, 12.5–17.5 Hz; and β-2 wave, 17.5–25.0 Hz. The power of the 
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δ waves, θ waves, α-1 waves, α-2 waves, β-1 waves, and β-2 waves in each electrode were 
averaged to calculate the absolute power. The absolute power at each electrode site was used 
to calculate the relative power, which indicated how much each electrode contributed to the 
total [26].

To calculate synchronization between the frontal and occipital lobes, synchronization 
between F3-F4, O1-O2, and P3-P4 was defined as interhemispheric and synchronization 
between F3-P3, F4-P4, F4-T6, F3-T5, F3-O1, and F4-O2 was defined as intrahemispheric. 
Coherence values in each frequency zone were calculated [15].

Statistical Analysis
Kolmogorov-Smirnov was used to test for normality. An unpaired t test and Fisher’s exact 

test were used to compare basic patient characteristics between the 2 groups. The Wilcoxon 
signed-rank test was used to compare data before and after intervention. Analysis of cova-
riance was used to compare changes between the 2 groups before and after intervention with 
adjustments for gender, fracture site, and age. p < 0.05 was considered statistically significant. 
IBM SPSS Statistics version 25.0 was used for statistical analysis in this study.

Results

Participants
Patient characteristics at baseline are shown in Table 1. No significant difference in age, 

breakdown of fracture sites, or male-to-female ratios were found between the 2 groups.

Changes before and after Intervention
Touch Panel-Type Dementia Assessment Scale
Table 2 shows the changes in TDAS before and after rehabilitation. TDAS scores improved 

significantly after both types of interventions. As shown in Table 3, however, TDAS changes 

Table 1. Patient characteristics

PT group 
(n = 16)

PT+OT group 
(n = 12)

p value

Male/female ratio 2/14 4/8 0.354
Vertebral fracture/hip fracture ratio 11/5 4/8 0.121
Age, years 85.1±6.4 84.7±6.9 0.641
Length of stay, days 71.1±18.6 76.4±13.6 0.568

Data are presented as means ± SD.

Table 2. TDAS and serum pentosidine levels before and after intervention

PT group (n = 16) p value PT+OT group (n = 12) p value

before after before after

TDAS 18.25±14.54 10.88±10.05 0.003 16.83±13.48 12.58±13.40 0.026
Pentosidine 0.067±0.019 0.051±0.019 0.011 0.074±0.032 0.053±0.017 0.025

Data presented as means ± SD.
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were not significantly different between the 2 groups after adjusting for age, fracture sites, 
and gender.

Pentosidine Levels
Table 2 shows the changes in serum pentosidine levels before and after rehabilitation. 

Serum pentosidine levels changed significantly in both groups after intervention. As shown 
in Table 3, however, changes in TDAS did not differ significantly between the 2 groups after 
adjusting for age, fracture sites, and gender.

Table 3. Changes in TDAS, pentosidine, and EEG power and coherence before and after intervention (i.e., PT and PT+OT): results 
of analysis of covariance

PT
(n = 16)

PT+OT
(n = 12)

p value p value for covariates

gender fracture site age

TDAS –6.956±8.371 –4.808±5.952 0.576 0.387 0.460 0.361
Pentosidine –0.024±0.025 –0.014±0.020 0.399 0.733 0.310 0.957
Power spectrum
F4

δ –0.138±0.141 0.000±0.075 0.030 0.326 0.020 0.260
θ 0.005±0.090 –0.017±0.050 0.580 0.835 0.342 0.388
α-1 0.100±0.130 0.004±0.055 0.087 0.563 0.039 0.052
α-2 0.004±0.104 0.004±0.050 1.000 0.448 0.496 0.186
β-1 0.019±0.018 –0.002±0.022 0.054 0.587 0.026 0.898
β-2 0.011±0.030 0.010±0.024 0.935 0.516 0.260 0.268

F8
δ –0.132±0.166 0.029±0.102 0.037 0.479 0.182 0.080
θ 0.014±0.091 –0.007±0.044 0.581 0.430 0.864 0.244
α-1 0.080±0.117 –0.009±0.055 0.082 0.634 0.068 0.143
α-2 0.013±0.091 –0.012±0.051 0.533 0.200 0.577 0.335
β-1 0.012±0.027 –0.003±0.028 0.270 0.959 0.233 0.425
β-2 0.012±0.027 0.002±0.034 0.500 0.654 0.644 0.618

T4
δ –0.137±0.141 0.058±0.082 0.004 0.140 0.152 0.198
θ 0.024±0.102 –0.018±0.075 0.374 0.522 0.612 0.946
α-1 0.077±0.080 –0.025±0.060 0.011 0.058 0.037 0.013
α-2 0.026±0.052 –0.015±0.034 0.089 0.041 0.157 0.687
β-1 0.011±0.031 0.003±0.031 0.592 0.941 0.832 0.589
β-2 –0.001±0.046 –0.003±0.053 0.942 0.974 0.842 0.504

Coherence
F4-T6

δ 0.018±0.070 –0.088±0.043 0.002 0.029 0.057 0.208
θ 0.037±0.069 –0.014±0.061 0.138 0.137 0.089 0.338
α-1 –0.003±0.077 –0.020±0.145 0.761 0.505 0.820 0.110
α-2 0.003±0.092 0.005±0.236 0.805 0.784 0.361 0.124
β-1 0.002±0.098 0.023±0.263 0.546 0.367 0.150 0.920
β-2 0.005±0.133 0.018±0.222 0.510 0.202 0.387 0.691

F4-O2
δ 0.001±0.058 –0.083±0.079 0.023 0.327 0.010 0.045
θ 0.002±0.096 –0.003±0.087 0.053 0.081 0.005 0.521
α-1 0.026±0.061 –0.020±0.167 0.348 0.698 0.759 0.065
α-2 0.034±0.080 –0.020±0.218 0.187 0.614 0.124 0.107
β-1 0.041±0.092 –0.013±0.235 0.088 0.177 0.120 0.762
β-2 0.053±0.115 –0.049±0.237 0.014 0.062 0.111 0.862

Data (changes in each parameter before and after intervention) were adjusted for gender, fracture site, and age.
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EEG Analysis
Table 4 summarizes the changes in power spectral analysis results after intervention and 

specifies which sites showed significant differences between the 2 groups. Table 5 provides 
the results of coherence analysis in each group before and after intervention and shows which 
fracture sites had significant differences between the 2 groups. As shown in Table 3, an 
analysis of covariance revealed how age, fracture site, and gender affected the results of both 
power spectral analysis and coherence analysis.

Power Spectral Analysis
Power values in all frequency bands of all of the 19 electrodes were compared before and 

after intervention after adjusting for age, fracture sites, and gender. Significant differences in 
the amount of change of power values of δ waves on F4, F8, and T4 between the 2 groups. 
Power spectral analysis of F4, F8, and T4 in each group before and after intervention revealed 
that the power value of δ waves decreased significantly at these 3 sites in the PT group after 
intervention. With the exception of θ waves and α-2 waves, significant differences in power 
value changes were observed in F4 in the PT group. In the OT group, however, no significant 
differences in power value changes were noted in these 3 sites after intervention.

Coherence Analysis
Coherence was analyzed in all frequency bands, i.e., F3-F4, O1-O2, P3-P4, F3-P3, F4-P4, 

F4-T6, F3-T5, F3-O1, and F4-O2, after adjusting for age, fracture site, and gender to compare 
the 2 treatments. Changes in coherence values for δ waves in F4-T6 and F4-O2 and β-2 waves 
of F4-O2 after intervention differed significantly between treatments (Table 3). Based on 
changes in coherence values for F4-T6 and F4-O2 after intervention in each group, no signif-

Table 4. Power spectrums before and after intervention

PT group (n = 16) p value PT+OT group (n = 12) p value

before after before after

F4
δ 0.318±0.168 0.213±0.109 0.015 0.251±0.145 0.208±0.096 0.272
θ 0.270±0.177 0.280±0.164 0.717 0.327±0.164 0.303±0.161 0.182
α-1 0.192±0.131 0.267±0.129 0.049 0.213±0.154 0.250±0.172 0.136
α-2 0.115±0.102 0.111±0.100 0.717 0.100±0.077 0.116±0.068 0.182
β-1 0.061±0.046 0.078±0.042 0.003 0.069±0.038 0.070±0.030 0.814
β-2 0.044±0.045 0.051±0.028 0.017 0.039±0.038 0.053±0.035 0.158

F8
δ 0.499±0.211 0.297±0.161 0.034 0.294±0.160 0.283±0.148 0.695
θ 0.238±0.181 0.257±0.165 0.326 0.290±0.147 0.276±0.156 0.209
α-1 0.169±0.124 0.230±0.119 0.063 0.200±0.152 0.106±0.163 0.460
α-2 0.090±0.079 0.092±0.091 0.501 0.096±0.071 0.100±0.071 0.583
β-1 0.058±0.043 0.068±0.029 0.098 0.068±0.031 0.068±0.024 0.754
β-2 0.046±0.037 0.056±0.027 0.056 0.051±0.031 0.056±0.028 0.583

T4
δ 0.377±0.145 0.271±0.112 0.013 0.273±0.137 0.289±0.142 0.638
θ 0.223±0.138 0.256±0.163 0.088 0.284±0.146 0.254±0.129 0.209
α-1 0.149±0.105 0.198±0.094 0.063 0.185±0.130 0.198±0.138 0.695
α-2 0.085±0.051 0.097±0.069 0.877 0.091±0.068 0.095±0.060 0.638
β-1 0.080±0.059 0.092±0.046 0.215 0.072±0.031 0.075±0.025 0.754
β-2 0.085±0.075 0.085±0.060 0.796 0.093±0.132 0.089±0.109 0.638

Data are presented as means ± SD.
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icant differences were noted at any frequency band in the PT group after intervention, but 
there was a significant difference in δ waves in the PT+OT group after intervention. Change 
in coherence values in F4-O2 increased in all frequency bands in the PT group, whereas it 
decreased in all frequency bands in the PT+OT group.

Discussion

TDAS findings showed improved cognitive function in both groups regardless of the 
rehabilitation method. This was not influenced by age, fracture site, or gender. Regular 
exercise is effective in improving not only physical fitness but also cognitive functions such 
as memory, attention, and judgement [27]. Cognitive function improvement may be attributed 
to the fact that both groups received PT. Decreased serum pentosidine levels suggest that 
oxidative stress levels decreased after rehabilitation. We believe that moderate exercise 
increased the secretion of antioxidant enzymes which then prevented oxidative stress [18, 
19]. Changes in serum pentosidine levels did not differ significantly between the 2 groups, 
indicating that both treatments achieved similar antioxidant potentials. As mentioned earlier, 
pentosidine is the “rust” of bone mass. Decreased levels of “rust” improved bone quality, 
meaning that the bone strength at hospital discharge had improved compared to before inter-
vention. Also, it was not influenced by age, fracture site, or gender. 

Delta waves in F4, F8, and T4, which showed significant intergroup differences in spectral 
analyses, decreased after intervention in the PT group. In F4, power values increased in 
almost all frequency bands. These findings suggest that slow-wave activities improved in the 
PT group. Changes in neurotransmitter levels can alter EEG [11] and, since acetylcholine 
improves slow-wave activities [28], our results are in line with these findings. Patients in the 
PT+OT group did not change as much as those in the PT group even though they, too, had 
received PT.

A previous study showed that electric synchronization in the cerebellar frontal lobe was 
modulated by GABA [29]. Acetylcholine reinforces both inhibitory and excitatory synapses 
[30]. Therefore, the significant intergroup difference in F4-O2 in the coherence analysis 

Table 5. Coherence of before and after intervention

Band PT group (n = 16) p value PT+OT group (n = 12) p value

before after before after

F4-T6
δ 0.260±0.007 0.251±0.062 0.776 0.326±0.094 0.269±0.090 0.003
θ 0.230±0.082 0.251±0.076 0.587 0.271±0.046 0.279±0.086 0.969
α-1 0.208±0.059 0.200±0.072 0.587 0.234±0.068 0.222±0.146 0.456
α-2 0.216±0.089 0.219±0.117 0.816 0.254±0.137 0.259±0.172 0.784
β-1 0.285±0.138 0.287±0.165 0.897 0.300±0.136 0.322±0.219 1.000
β-2 0.359±0.146 0.364±0.174 0.856 0.369±0.114 0.387±0.212 0.906

F4-O2
δ 0.259±0.059 0.238±0.050 0.224 0.329±0.132 0.274±0.076 0.170
θ 0.227±0.083 0.229±0.057 1.000 0.274±0.075 0.270±0.089 0.969
α-1 0.173±0.059 0.199±0.084 0.171 0.245±0.081 0.225±0.151 0.327
α-2 0.202±0.085 0.237±0.124 0.266 0.282±0.136 0.262±0.177 0.456
β-1 0.269±0.141 0.311±0.183 0.093 0.344±0.161 0.331±0.205 0.844
β-2 0.338±0.161 0.391±0.186 0.155 0.432±0.158 0.383±0.196 0.784

Data are presented as means ± SD.
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suggests that improvements in the PT+OT group were GABA mediated. Since GABA has an 
inhibitory effect, this may account for why power values did not increase as much in the 
PT+OT group as in the PT group. F4-O2 forms a long loop and preceding research shows that 
lower frequencies correspond to longer circulation times and longer loop distances [31]. 
Thus, changes in δ wave synchronization in F4-O2 observed in our study are in line with 
these previous findings. Synchronization of δ waves not only implies that neurons connect 
over long distances, but also that this intrahemispheric coherence is an important manifes-
tation of neurocognitive networking [31]. The significant intergroup difference in β-2 waves 
in F4-O2 we observed supports this theory. Neurons continuously exposed to external stim-
ulation adapt to the environment by decreasing in number due to synaptic structural changes 
[32]. Since cognitive function improved in the PT+OT group despite interelectrode coherence 
values that were significantly lower than the PT group after intervention, our results also 
support this theory. Coherence values of δ waves in F4-T6 also differed significantly between 
the 2 groups, suggesting long-term inhibition in the prefrontal region-thalamus-cerebellum 
area of the right hemisphere in the PT+OT group may have engendered synaptic plasticity. 
Although the coherence values at F4-O2 and F4-T6 in the PT group did not change signifi-
cantly, they increased at almost all frequency bands. Since cognitive function improved after 
intervention in the PT group, long-term potentiation may have produced synaptic plasticity. 
Older people are generally known to exhibit compensatory cerebral activity in an attempt to 
preserve motor functions that have deteriorated with aging [33]. Preceding research esti-
mates that the cortical source of single task activities is in the left hemisphere, whereas that 
of dual task activities is in the right hemisphere [34]. Serrien et al. [35] discussed shifts in 
the dominance of the 2 hemispheres during different tasks and noted that the left hemi-
sphere was considered to be dominant for motor behavior in right-handed individuals. 
However, they also stated that lateralization of motor function is indeed flexible and driven 
by several factors. The right hemisphere specializes in spatial functions, including spatial 
attention, and it has been proposed that the relative involvement of each hemisphere in a 
task depends on that task’s specific characteristics [34]. Applying this theory to our study, 
we now understand that the cortical source shifted from the left hemisphere to the right 
hemisphere. Though EEG power and coherence were said to differ by age and gender in a 
previous study [36], the effect of rehabilitation was hardly influenced by age, fracture site, 
or gender.

The cerebellum was long thought to execute motor function, but it is currently considered 
to play a role in cognitive function, especially in the cognitive aspects of behavior [37]. Long-
term potentiation of cerebral synaptic transmission efficiency enables us to remember 
knowledge that can be explained in words, whereas long-term inhibition promotes cerebellar 
learning that can be acquired through experience [38].

This study shows that rehabilitation with both PT and PT+OT has the same positive effect 
on cognitive function and antioxidant potential. However, EEG findings suggest that each 
form of rehabilitation therapy has a different effect on brain neurons. 

To prevent refractures in a subsequent fall, body balance and posture must be main-
tained. This requires a continuous inflow of information starting with viewing of the 
surroundings, acknowledgement of the space, and body movement [33], which can be realized 
by the neuronal connection between the frontal lobe, the thalamus, and the cerebellum. 
PT+OT rehabilitation may be effective in regaining this ability within the limited timespan of 
a hospital stay. More cases must be studied to further verify the effects of rehabilitation on 
brain function in patients with fractures.
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