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Abstract.
Background: After acquired brain injury (ABI), patients show various neurological impairments and outcome is difficult
to predict. Identifying biomarkers of recovery could provide prognostic information about a patient’s neural potential for
recovery and improve our understanding of neural reorganization. In healthy subjects, sleep slow wave activity (SWA, EEG
spectral power 1–4.5 Hz) has been linked to neuroplastic processes such as learning and brain maturation. Therefore, we
suggest that SWA might be a suitable measure to investigate neural reorganization underlying memory recovery.
Objectives: In the present study, we used SWA to investigate neural correlates of recovery of function in ten paediatric
patients with ABI (age range 7–15 years).
Methods: We recorded high-density EEG (128 electrodes) during sleep at the beginning and end of rehabilitation. We used
sleep EEG data of 52 typically developing children to calculate age-normalized values for individual patients. In patients, we
also assessed every-day life memory impairment at the beginning and end of rehabilitation.
Results: In the course of rehabilitation, memory recovery was paralleled by longitudinal changes in SWA over posterior
parietal brain areas. SWA over left prefrontal and occipital brain areas at the beginning of rehabilitation predicted memory
recovery.
Conclusions: We show that longitudinal sleep-EEG measurements are feasible in the clinical setting. While posterior parietal
and prefrontal brain areas are known to belong to the memory “core network”, occipital brain areas have never been related to
memory. While we have to remain cautious in interpreting preliminary findings, we suggest that SWA is a promising measure
to investigate neural reorganization.
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After acquired brain injury (ABI), patients show
various neurological impairments (Amlie-Lefond,
Sébire, & Fullerton, 2008; Beauchamp & Anderson,
2013; Kuhtz-Buschbeck et al., 2003). The prediction
of outcome is difficult (i.e., some patients recover
faster or better than others). Identifying biomarkers of
recovery could provide prognostic information about

ISSN 0922-6028 © 2021 – The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).

62

A.-L. Mouthon et al. / Neural correlates of memory recovery

a patient’s neural potential for recovery and improve
our understanding of neural reorganization (Boyd
et al., 2017). Investigating neural reorganization in
children and adolescents is particularly challenging,
since brain maturation is ongoing. So far, only a
few longitudinal studies have been performed (for
reviews see Dennis, Babikian, Giza, Thompson, &
Asarnow, 2017; King, Ellis, Seri, & Wood, 2019),
and none have investigated the link between neural
reorganization and recovery of function.
In healthy subjects, many studies provide evidence
that neural plasticity is related to slow wave activity
(SWA) in the sleep-EEG (for a review see Tononi &
Cirelli, 2014). For instance, in adults and children,
SWA is locally increased after a learning experiences
involving specific brain areas (e.g., Huber, Ghilardi,
Massimini, & Tononi, 2004; Wilhelm et al., 2014).
Also, the pattern of SWA changes in the course
of development reflects ongoing brain maturation
(Buchmann et al., 2011; Kurth et al., 2010). In the
context of neural plasticity after brain injury (i.e.,
neural reorganization), one study investigated adult
patients with chronic stroke and found local changes
in SWA after speech therapy (Sarasso et al., 2014).
We suggest that SWA might be a promising measure
to investigate neural reorganization in children and
adolescents with ABI.
In a previous paper, we reported cross-sectional
alterations in SWA when comparing children and
adolescents with ABI to typically developing children and adolescents. In the present paper, we present
a subgroup of patients in which we investigated longitudinal changes in SWA and changes in every-day
life memory impairment. We aimed to evaluate the
feasibility of longitudinal sleep-EEG measurements
in the clinical setting and to report preliminary findings of our approach using SWA to investigate neural
correlates of recovery of function.

2. Methods
2.1. Participants
For the present study, we used a subgroup of
a larger study population for which cross-sectional
results were published in a previous paper (Mouthon
et al., 2017). Twenty-two paediatric patients with ABI
were recruited from the Swiss Children’s Rehab in
Affoltern am Albis (Switzerland) between January
2013 and November 2014. One additional patient
was recruited in August 2016. All parents gave writ-

ten informed consent. Patients gave verbal consent.
The study was approved by the local ethics committee. For the present study, we selected patients
showing at least mild every-day life memory impairments at the beginning of rehabilitation. We excluded
patients with disorders of consciousness (n = 5),
patients showing no memory impairments (n = 1),
and patients younger than 7 years of age (n = 2), because memory function is scored differently in
these patients. For five patients, memory function
assessment was missing at the time point of the
first EEG recording. In the end, ten patients were
included. Demographic and clinical characteristics
of the patients are shown in Table 1. All patients
showed at least mild every-day life memory impairments at the beginning of rehabilitation. High-density
EEG recordings and memory function scores were
obtained at two time-points: at the beginning (T1),
and end (T2) of rehabilitation. The first assessment
(T1) took place early after admission (time since
injury: 1.9 ± 0.9 months). At this time all patients
were in a subacute state after ABI. For two patients,
in which hospitalization time exceeded 6 months
(patients 3 and 4), we used an intermediate measurement instead of the measurement at the end
of rehabilitation to assure comparable time intervals between the measurements (time interval for all
patients: 3.5 ± 1.5 months).
We used high-density sleep EEG data from 52
typically developing children for the calculation of
age norms. The data were provided by earlier studies
(Kurth et al., 2010; Pugin et al., 2015).
2.2. Assessment of memory function
Every-day life memory function was assessed
using the memory item of the Functional Independence Measure for Children (WeeFIM®). The
WeeFIM is a standardized clinical assessment that
measures performance in daily life activities, taking
into account the need for assistance. It shows evidence of reliability, validity, and responsiveness to
change during rehabilitation for children and adolescents with ABI (McCauley et al., 2012). All items
are rated on a 7-level ordinal scale. (The higher
the score, the better the performance.) Examples
for the memory rating are: “recognizing people frequently encountered”, “remembering daily routines”,
or “executing requests without being reminded”. The
rating was performed by trained nurses.
Memory improvement was quantified by the difference between the WeeFIM memory scores at T1
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Table 1
Demographic and clinical characteristics of patients with acquired brain injury
Patient

Age, sex

Injury etiology

Affected subcortical
structures

Affected cortical structures

Right cortico-spinal tract,
right capsula interna

Right g. frontalis medius and
inferior; right g. precentralis; right
g. postcentralis; right g. parietalis
superior; right precuneus
Right g. frontalis, superior, medius
and inferior; right g. precentralis;
right g. postcentralis; right g.
parietalis superior

Pat 1

14 y, F

Right frontoparietal intraparenchymal and
intraventricular hemorrhage with stroke
(right capsula interna), cerebral edema

Pat 2

14 y, M

Stroke (right a. cerebri media and anterior)

Pat 3

13 y, M

Pat 4

15 y, M

Pat 5

7 y, F

Pat 6
Pat 7

9 y, F
10 y, M

Pat 8

14 y, F

Pat 9

13 y, F

TBI, intraventricular hemorrhage; subdural
hematoma, cerebral edema, shearing
injuries, DAI
TBI, subarachnoid hemorrhage; subdural
hematoma, shearing injuries, DAI
TBI, contusion, cerebral edema, shearing
injuries, DAI
TBI, contusion
Cardiac arrest, hypoxic-ischemic
encephalopathy
Subarachnoid, intraparenchymal and
intraventricular hemorrhagic stroke
(cerebral arteriovenous malformation)
Intraventricular and intraparenchymal
hemorrhagic stroke

Pat 10

13 y, M

Neuroborreliosis, meningoencephalitis

Brainstem, midbrain,
cerebellum; bilateral basal
ganglia; corpus callosum
Brainstem, corpus callosum
Bilateral cerebellum, corpus
callosum
Right g. frontalis superior and medius
Bilateral basal ganglia
Left forceps major

Left forceps major, left
hippocampus, left
ventromedial thalamus
Brainstem, bilateral basal
ganglia

F = female; M = male; y = years; TBI = traumatic brain injury; DAI = diffuse axonal injury; g. = gyrus; ncl. = nucleus; a. = arteria.

and T2 (i.e.,  memory score = memory score T2 –
memory score T1).
2.3. High-density EEG recordings, data
processing and analysis
High-density EEG is a method that is easy to apply
in the clinical setting. Recordings during sleep are
especially convenient since they can be performed at
the bedside and do not additionally burden the patient
during the day. Furthermore, the recordings provide
a large amount of high-quality data, as in contrast to
wake EEG data, there are almost no artefacts due to
eye movements or muscle activity.
We used a high-density EEG system (Electrical
Geodesics Inc.) to record brain activity during sleep.
The 128 electrodes allow for a good spatial resolution.
Recordings were sampled at 500 Hz and referenced
to the vertex (Cz). The recorded EEG data were then
band-pass filtered between 0.5 and 40 Hz and downsampled to 128 Hz. Epochs containing artefacts were
semi-automatically and visually rejected (Huber et
al., 2000). Electrodes showing poor EEG signal
quality were excluded. Data from electrodes above
the ears ( = 109 electrodes) were average-referenced.

Missing data from excluded electrodes were interpolated using spherical linear interpolation (Wilhelm
et al., 2014). Sleep stages were visually determined
based on American Academy of Sleep Medicine
standard criteria (20 s epochs, (Iber, Ancoli-Israel,
Chesson, & Quan, 2007)). EEG spectral power was
calculated for 20 s epochs (fast Fourier transform
routine, Hanning window, average over five consecutive 4 s epochs). SWA was calculated by summing
up spectral power from 1 to 4.5 Hz. We selected 90
epochs ( = 30 min) of maximal SWA throughout the
entire night and averaged SWA across the selected
epochs, as previously done (Mouthon et al., 2017).
Since we were interested in local SWA changes,
we used relative SWA values for further calculations. Relative SWA values were obtained by dividing
SWA values at each electrode by the average across
all 109 electrodes (Huber et al., 2004; Kurth et al.,
2010). Absolute SWA values are subject to profound
day-to-day changes, which makes this measure less
sensitive to uncover local changes in SWA. We then
mapped the topographical distribution of SWA across
the scalp.
Brain areas involved in memory processes undergo maturational changes throughout childhood and
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adolescence (DeMaster, Pathman, Lee, & Ghetti,
2014; Dumontheil, Burgess, & Blakemore, 2008;
Ghetti & Bunge, 2012; Lavenex & Banta Lavenex,
2013; Robey, Buckingham-Howes, Salmeron, Black,
& Riggins, 2014). Thus, maturation-dependent differences are likely to mask differences related to
injury. To compare injury-related alterations in SWA
across patients, we controlled for age-related differences. We used a previously developed approach to
calculate age-normalized SWA values for individual
patients (Mouthon et al., 2017). First, we determined
SWA age norms (average and standard deviation)
for different age groups of typically developing children and adolescents: 4–7 years (n = 10), 8–10 years
(n = 11), 11–13 years (n = 16), 14–16 years (n = 15).
Then, we calculated deviations from the age norm
for all patients. For each electrode, we subtracted
the group average from the patient’s individual relative SWA value and divided this difference by the
group’s standard deviation [i.e., (individual value –
group average)/group sd]. We used this “number of
sd from the norm” as SWA value for further analysis.
Changes in SWA were quantified by the difference
between SWA at T1 and T2 (i.e.,  SWA = SWA T2
– SWA T1).
2.4. Electrode localization
We assigned electrode sites to cortical structures
using a template that was provided by an earlier study.
This template was based on the co-registration of
high-density EEG electrode locations and individual
MRI scans in a population of healthy children and
adolescents (see Kurth et al., 2012).

to estimate the robustness of significant correlations
(Efron, 1988; Efron & Tibshirani, 1986). We set the
confidence level at 95%. For the correlation “SWA
T1 ×  memory score”, we additionally performed a
partial correlation controlling for the effects of initial
memory score (memory score T1).

3. Results
3.1. Sleep structure
All patients tolerated the high-density EEG net
well, and we could record good quality data throughout the entire night. At both time points (T1 and T2),
the patient’s sleep structure differed from the sleep
structure of typically developing children and adolescents (see Supplementary Table 1 for sleep variables
and statistics). We found no statistically significant
differences in sleep structure between the patients’
measurements at T1 and T2 (two-tailed paired
t-tests).
3.2. Age-normalized SWA topography
As previously shown, the patient’s individual SWA
topographies (i.e., SWA distribution across the scalp)
showed both age-specific and lesion-related aspects
(see Fig. 1 for two examples, see (Mouthon et al.,
2017) for more details). For further analysis, we
calculated individual age-normalized SWA topographies based on age norms (see Fig. 1, see methods
for details).

2.5. Statistical analyses

3.3. Longitudinal changes in SWA and memory
improvement

Since memory function was rated on an ordinal
scale, all correlation analyses were performed using
two-tailed Spearman correlation. The statistical significance level, ␣, was set at 0.05.
In a first step, we performed electrode-wise correlations between SWA (sd from norm) and memory
improvement (i.e., “ SWA ×  memory score”,
“SWA T1 ×  memory score”) to visualize regions
of interest (clusters of at least two neighbouring
electrodes showing significant correlations). For the
exploratory purpose of our analysis, we did not correct for multiple comparisons.
In a next step, we calculated average SWA for all
regions of interest and performed correlation analyses
with memory function. We used the bootstrap method

We performed electrode-wise correlations between the individual age-normalized SWA topographies (sd from the norm, see methods for details)
and memory improvement. We used the measurements at the beginning and end of rehabilitation
(SWA T1, memory score T1; SWA T2, memory score
T2) to determine individual longitudinal changes in
SWA ( SWA) and memory improvement ( memory score). The electrode-wise correlation analysis
( SWA ×  memory score) showed a posterior
parietal region of interest (BA 7, Fig. 2A). Cluster
SWA change was positively correlated with memory improvement (r = 0.89 p < 0.001, bootstrapped
95% CI of the correlation coefficient = [0.27, 0.98],
Fig. 2B). To examine the specificity of the correlation
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between cluster SWA change and memory improvement, we performed correlations between cluster
SWA change and improvements in the two motor
subscales of the WeeFIM (i.e., the subscale self-care
including eating, grooming, bathing, dressing and toileting, and the subscale mobility including transfers
and locomotion). Neither was related to changes in
posterior parietal SWA (self-care: r = –0.10 p = 0.79;
mobility: r = –0.11 p = 0.77).

3.4. Initial SWA predicting memory improvement

Fig. 1. Examples of SWA age norm, individual SWA and
age-normalized SWA (at T1). (Left column) SWA average topographies for two age groups. (Middle column) Individual SWA
topographies for two patients. (Right column) Age-normalized
individual SWA topographies (sd from norm). Maximal values are
indicated in red, minimal values in blue.

We performed an electrode-wise correlation analysis of initial SWA and memory improvement (SWA
T1 ×  memory score) to identify brain areas in
which SWA at T1 predicted memory improvement
in the course of rehabilitation. This analysis yielded
two regions of interest (Fig. 3A). One electrode
cluster was located over left prefrontal brain areas
(BA 10). SWA in this prefrontal cluster was positively correlated with memory improvement (r =
0.81, p = 0.004, bootstrapped 95% CI of the correlation coefficient = [0.32, 0.95], Fig. 3B). Cluster
SWA was not related to the motor subscales of

Fig. 2. Correlation analyses of longitudinal changes in SWA and memory improvement. (A) Topographic distribution of correlation coefficients. Black dots indicate significant p-values (p < 0.05). (B) SWA increase in the parietal cluster was positively associated with memory
improvement.

Fig. 3. Correlation analyses of initial SWA and memory improvement. (A) Topographic distribution of correlation coefficients. Black dots
indicate significant p-values (p < 0.05). (B) Higher SWA in the left frontal cluster was positively associated with memory improvement. (C)
Higher SWA in the occipital cluster was negatively associated with memory improvement.
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the WeeFIM (self-care: r = –0.01 p = 0.81; mobility: r = –0.07 p = 0.85). The second electrode cluster
was located over occipital brain areas. Cluster SWA
was negatively correlated with memory improvement (r = –0.74, p = 0.014, bootstrapped 95% CI of
the correlation coefficient = [–0.97, –0.12], Fig. 3C).
Cluster SWA was not related to the motor subscales of
the WeeFIM (self-care: r = –0.17 p = 0.65; mobility:
r = –0.23 p = 0.52). The correlations between initial
SWA and memory improvement remained similar in
magnitude when performing partial correlations controlling for the effect of the initial memory score (left
prefrontal cluster: r = 0.78, p = 0.013, bootstrapped
95% CI of the correlation coefficient = [0.21, 0.98];
occipital cluster: r = –0.67, p = 0.049, bootstrapped
95% CI of the correlation coefficient = [–0.98, 0.17]).

4. Discussion
In the present study, we performed longitudinal
measurements of every-day life memory function and
sleep EEG SWA in children and adolescents with
ABI. Our aim was to use SWA to investigate neural
correlates of recovery of function.
4.1. Age-normalization of SWA topography
To compare injury-related alterations in SWA
across patients, we controlled for age-related differences. We determined individual age-normalized
SWA topographies based on norm values for different age groups. We chose this approach because it
is known that, like cortical grey matter thickness,
SWA shows region-specific non-linear changes in
the course of development (Buchmann et al., 2011;
Campbell & Feinberg, 2009; Feinberg, Davis, de
Bie, Grimm, & Campbell, 2011; Feinberg, Thode,
Chugani, & March, 1990; Giedd et al., 1999; Gogtay et al., 2004; Huttenlocher & Dabholkar, 1997;
Jenni & Carskadon, 2004; Kurth et al., 2010; Kurth
et al., 2012; Lustenberger et al., 2017; Ringli &
Huber, 2011; Shaw et al., 2008). By calculating agenormalized SWA values at each electrode location,
we can account for both non-linearity and regionspecificity.
4.2. Neural changes paralleling memory
improvement
The results of our exploratory approach showed
that memory improvement from the first to the second

measurement was related to longitudinal changes in
SWA over posterior parietal brain areas (BA 7). The
posterior parietal cortex (PPC) is part of a memory
“core network” known to be involved in different
memory functions. This “core network” includes the
mentioned PPC, the medial temporal lobe (MTL),
and the prefrontal cortex (PFC) (e.g., Benoit & Schacter, 2015; Burgess, Gonen-Yaacovi, & Volle, 2011;
Cona, Scarpazza, Sartori, Moscovitch, & Bisiacchi,
2015; Martin et al., 2007; Poppenk, Moscovitch,
McIntosh, Ozcelik, & Craik, 2010; Ranganath &
Ritchey, 2012). Previous studies investigating neural correlates of different impaired memory functions
after ABI reported alterations within the memory
“core network” (DeMaster, Johnson, Juranek, &
Ewing-Cobbs, 2017; Di Paola et al., 2015; Di Stefano et al., 2000; McCauley et al., 2010; Palacios et
al., 2013; Schaapsmeerders et al., 2015; Snaphaan,
Rijpkema, van Uden, Fernández, & de Leeuw, 2009)
and connecting white matter tracts (Kraus et al., 2007;
McCauley et al., 2011; Niogi et al., 2008; Palacios
et al., 2013; Roberts, Mathias, & Rose, 2016). The
PPC is an intriguing part of the memory “core network”. While its activation during different memory
tasks is a consistent finding (Benoit & Schacter, 2015;
Burgess et al., 2011; Cona et al., 2015), patients
with PPC lesions do not show systematic memory
deficits (Berryhill, 2012; Schoo et al., 2011; Sestieri, Shulman, & Corbetta, 2017). This phenomenon
has also been described as the “posterior parietal
paradox” (Schoo et al., 2011). Interestingly, two studies applying high-frequency repetitive transcranial
magnetic stimulation (rTMS) to the PPC in healthy
subjects could show that episodic memory improved
after stimulation (Nilakantan, Bridge, Gagnon, VanHaerents, & Voss, 2017; Wang & Voss, 2015). This
memory-enhancing effect of parietal rTMS was also
demonstrated in Alzheimer’s patients (Koch et al.,
2018). In our study, memory improvement was associated with longitudinal changes in posterior parietal
SWA. This indicates that local changes in SWA might
be used to detect brain areas involved in memory
network restoration.
Since we did not assess any other cognitive function, we cannot rule out that the longitudinal changes
in the PPC reflect a network reorganization related to
a more general cognitive recovery. It has been shown
that for instance attention and working memory also
involve the PPC (e.g., Behrmann, Geng, & Shomstein, 2004; Eriksson, Vogel, Lansner, Bergström,
& Nyberg, 2015). A study investigating attention
and memory in Alzheimer’s patients suggested that
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memory impairment is caused by attention network
dysfunction in the PPC (Veldsman, Zamboni, Butler,
& Ahmed, 2019).

4.3. Predictors of memory improvement
Our exploratory approach also showed that initial SWA over left prefrontal and occipital brain
areas predicted memory recovery (i.e., improvement
of memory performance from the first to the second measurement). PFC activation during different
memory tasks is a consistent finding (Benoit & Schacter, 2015; Burgess et al., 2011; Cona et al., 2015).
In contrast to PPC lesions, which do not systematically result in impaired memory functions, PFC
lesions are known to cause deficits in episodic and
prospective memory (Bertossi, Tesini, Cappelli, &
Ciaramelli, 2016; Di Stefano et al., 2000; Umeda,
Kurosaki, Terasawa, Kato, & Miyahara, 2011). It has
been hypothesized that the PFC has a higher-level role
and mediates MTL and PPC activity (Burgess et al.,
2011; Sestieri et al., 2017). This hypothesis is further
supported by findings from studies that investigated
changes in memory function, in the course of normal development and aging (for reviews seeGhetti &
Bunge, 2012; Tromp, Dufour, Lithfous, Pebayle, &
Després, 2015)). Such changes (i.e., improvement in
the course of development and decline in older age)
potentially rely on structural and functional changes
in the PFC. Cortical maturation or atrophy might,
respectively, increase or decrease the capacity of the
PFC to orchestrate memory network function. Furthermore, a study using transcranial direct current
stimulation (tDCS) could show that stimulating the
left PFC improved memory function in healthy adults
(Medvedeva et al., 2018). Our finding that prefrontal
SWA predicts memory improvement indicates that
local alterations in SWA might be a useful measure
to detect brain areas involved in memory network
restoration.
Similar to the PPC, the PFC has also been related to
attention and working memory (Bahmani et al., 2019;
Eriksson et al., 2015). Further, the PFC is known
to be a key brain area involved in executive functions (for a review see Koechlin, 2016). It has also
been hypothesized that the PFC might be a cognitive
control unit, monitoring many cognitive processes
(Miller & Cohen, 2001). Thus, the predictive value
of SWA in the PFC might not be specific for memory
recovery. It is possible that the PFC also plays a role
in the recovery of other cognitive functions.

67

The finding that lower initial occipital SWA predicts memory recovery is difficult to interpret. Unlike
the PFC, occipital brain areas are not part of the
memory “core network”, and to our knowledge, also
attention, working memory, and executive functions
have never been related to occipital brain areas.
4.4. Limitations
A major limitation of our study is the small number of patients and the heterogeneity of the sample.
While our approach specifically aims at minimizing
age-related differences, it is not possible to control
for lesion-related factors (e.g., size and site of the
lesion). These factors may have different effects on
the recovery process and increase variability in our
data. Future studies could focus on specific etiology groups (e.g., traumatic brain injury or stroke).
The findings we report, are preliminary and have to
be interpreted with caution. The memory subscale
of the WeeFIM is a clinical rating scale and not
as precise as neuropsychological assessments. Additionally, the WeeFIM shows a ceiling effect since
it measures the presence or absence of deficits and
not maximal memory capacity. However, in pediatric patients showing memory deficits, WeeFIM
memory scores and memory scores assessed using
neuropsychological tests correspond well (McBride,
2015). We used the WeeFIM because it was the
only available longitudinal assessment. In clinical
routine, neuropsychological assessments were not
standardized across patients and in most of the cases
only performed at the beginning of rehabilitation.
While neuropsychological tests provide information
about maximal memory capacity, the WeeFIM provides information about a child’s real every-day life
memory performance, which makes it relevant for
patients and their social environment. We suggest that
future studies should include both neuropsychological tests and observational rating scales since they
provide complementary information. Another limitation is the specificity of the relationship between SWA
and memory recovery with respect to other cognitive domains as for example attention. Future studies
should include assessments of working memory, processing speed, attention, and executive functions.
Such studies could differentiate between SWA that
is related to general cognitive recovery (i.e., brain
areas in which SWA is similarly related to improvements in different cognitive functions) and SWA that
is related to the recovery of specific cognitive functions. However, we can rule out that SWA is merely
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related to overall recovery from ABI since the findings for memory recovery are not related to motor
recovery. Another limitation of our study is that we
cannot determine whether our findings are related to
spontaneous or therapy-induced neural reorganization. During the subacute state, spontaneous recovery
processes are still ongoing but in parallel, intensive
rehabilitation therapy can enhance recovery (Wieloch
& Nikolich, 2006). Specific therapy effects could be
investigated in the chronic state, when the time window of spontaneous recovery is closed.
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