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Studies suggest that people suffering from chronic pain may have altered brain plasticity, along with altered functional connectivity between pain-processing brain regions. These may be related to decreased mood and cognitive performance. There is some debate as to whether physical activity combined with behavioral therapy (e.g. cognitive distraction, body scan) may counteract these changes. However, underlying neuronal mechanisms are unclear. The aim of the current pilot study with a 3-armed randomized controlled trial design was to examine the effects of sensorimotor training for nonspecific chronic low back pain on (1) cognitive performance; (2) fMRI activity co-fluctuations (functional connectivity) between pain-related brain regions; and (3) the relationship between functional connectivity and subjective variables (pain and depression). Six hundred and sixty two volunteers with non-specific chronic low back pain were randomly allocated to a unimodal (sensorimotor training), multidisciplinary (sensorimotor training and behavioral therapy) intervention, or to a control group within a multicenter study. A subsample of patients (n = 21) from one study center participated in the pilot study presented here. Measurements were at baseline, during (3 weeks, M2) and after intervention (12 weeks, M4 and 24 weeks, M5). Cognitive performance was measured by the Trail Making Test and functional connectivity by MRI. Pain perception and depression were assessed by the Von Korff questionnaire and the Hospital and Anxiety. Group differences were calculated by univariate and repeated ANOVA measures and Bayesian statistics; correlations by Pearson's r. Change and correlation of functional connection were analyzed within a pooled intervention group (uni-, multidisciplinary group). Results revealed that participants with increased pain intensity at baseline showed higher functional connectivity between pain-related brain areas used as ROIs in this study. Though small sample sizes limit generalization, cognitive performance increased in the multimodal group. Increased functional connectivity was observed in participants with increased pain ratings. Pain ratings and connectivity in pain-related brain regions decreased after the intervention. The results provide preliminary indication that intervention effects can potentially be achieved on the cognitive and neuronal level. The intervention may be suitable for therapy and prevention of non-specific chronic low back pain.
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Introduction

Chronic unspecific back pain is one of the most common chronic diseases in modern industrialized countries (1). It is a major risk factor for reduced time of physical activity, increased periods of inactivity, and for sick-leave, resulting in a significant reduction in quality-of-life and representing a major economic burden (2). Until now, it remains unclear which neurobiological mechanisms enable the transition from acute to chronic back pain. It is assumed that cortical reorganization processes and functional plasticity play a role in this process (3, 4).

Some studies report a reduction of both the thickness as well as the volume of gray matter in multiple brain regions [e.g., in the dorsolateral prefrontal cortex (3, 4), right anterior thalamus, brainstem, somatosensory cortex (3) and posterior parietal cortex (5)] in people with chronic unspecific back pain. Other research groups investigated whether chronic unspecific back pain could have an effect on the cortical representation of the back and found changes in the primary (S1) (6) as well as in the secondary (S2) (7) somatosensory cortex. In addition, Grachev and colleagues (8) showed that concentrations of brain metabolites were altered in patients with chronic back pain. The duration as well as the intensity of pain were related to neurotransmitters in different brain regions such as prefrontal areas, leading to patterns of abnormal chemical connectivity (8). For the transition from acute to chronic back pain corticostriatal connectivity seems to play an important role (9). The somatosensory cortex probably plays a significant role in pain perception and processing and therefore new therapy concepts are required that can influence this connection (10). Furthermore, the genesis of chronic pain is a complex and multidimensional process and involves more than neuroanatomical, functional and neurochemical changes. In a first step, neurochemical mediators seem to trigger reorganization processes in nociceptors and increase sensitivity for painful stimuli in the periphery (hyperalgesia). In a second step, these mediators seem to change central reciprocal pain inhibition (11), i.e., ascending pain pathways project to brain areas such as the somatosensory cortex, which in turn influence descending antinociceptive pathways from the brainstem. As such, significant changes of the neurochemical profile in brain areas such as the dorsolateral prefrontal cortex, thalamus and orbitofrontal cortex were observed in patients with chronic unspecific back pain (12).

Although the reciprocal pain regulation is well documented in the literature, our knowledge about the origin and formation of chronic pain syndromes and effective therapies is still limited (11, 13). On the one hand, practical approaches try to identify the inhibitor with the help of pharmaceutical solutions, for example through steroids, non-steroidal anti-inflammatory drugs, and serotonin or norepinephrine reuptake inhibitors. On the other hand, the behavioral and movement sciences have investigated the effects of physical activity and modulatory changes through cognitive tasks (14). Physical activity is associated with increased volume of gray and white matter (15) and increased blood supply in multiple brain regions (e.g., cerebellum, motor cortex, hippocampus, frontal cortex) (16, 17). This leads to the idea that physical activity may counteract chronic pain related changes. In any case, physical training is state of the art when it comes to the prevention and therapy of pain in patients with chronic low back pain (18). It aims to improve the efficiency of strength, sensorimotor functions of trunk muscles and neuromuscular control (19).

Whilst physical activity has effects on brain plasticity, several neuropsychological studies showed that the subjective perception of pain is closely related to attention and cognitive processes (20): pain is perceived with less intensity if subjects are distracted from their pain by the use of demanding cognitive tasks. Interestingly, stress also seems to interact with attention (21) as long lasting stress exposure is linked to altered neurotransmitter concentrations in brain regions relevant for the processing of pain. This in turn may have consequences for the transmission of pain signals and can have an influence on the information transfer in the sensorimotor system. In addition, patients suffering from severe chronic pain show decreased cognitive performance. Altogether, these results underline the need for developing novel multidimensional approaches, which investigate the relationship between physical activity, stress and distraction from subjective pain perception as well as underlying neuronal mechanisms. The presented pilot study, which was a part of the multicentre feasibility study of the National Research Network for Medicine in Spine Exercise [MiSpEx, www.mispex.de, Multicentre Study B MSB, further details see (22)], sought to shed light on these questions.

Though general inferences are restricted, the pilot study was used to test intended therapy effects in a sub-sample from the full MSB study. Moreover, the promising potential of future research projects shall be evaluated. The objectives of the pilot study are to analyse (1) the changes of cognitive performance over time and dependency on the intervention type, (2) the structural and functional changes in pain processing brain areas after intervention, and (3) the relationship between structural/functional changes in pain processing areas, subjective pain perception and depression.



Materials and methods


Design and procedure

After fulfilling the inclusion criteria, participants were randomly allocated to the different intervention groups (nblock = 18, basis 1:1; www.randomization.com). One group received a unimodal intervention with sensorimotor training (SMT), another a multidisciplinary intervention consisting of sensorimotor training with supporting behavioral therapy (SMT+BT) and a third group usual care (control group, CG). The sample size calculation of the MSB study was according to an unpublished dataset (a ≤ 0.05; 1-β = 0.999, drop out 30%, power analysis by G*Power,36 effect size f = 0.25, sample size: n = 600). The MSB study was registered as a clinical trial on 05/16/2013 in the German Clinical Trial Register with the identification number: DRKS00004977 (https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00004977) (22–24). A subsample of MSB out of one study center (study center Potsdam) was used for the here presented pilot study.

Participants of the pilot study took part in the same measurement setup as in the MSB: they filled in questionnaires and underwent medical and biomechanical examinations at baseline, after 3 weeks (end of center-based intervention, M2), after 6 weeks (M3) and after 12 weeks (M4) (end of home-based intervention) and after 6 months (sustainability follow up M5) (22–24).

For the pilot study participants underwent magnetic resonance imaging (MRI) and Trail Making Tests (TMT) at baseline, M2, M4 and M5 (see Figure 1). The imaging data were recorded at the FU Berlin (Dahlem Institute for Neuroimaging of Emotion: Neurocomputation and Neuroimaging). No incidental findings occurred in the present study.
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FIGURE 1
 Study design of the current study including five measurement points baseline to M5 over a period of 6 months. MRI was measured at the FU Berlin, the remaining tests at the University of Potsdam, Germany. M2-M5, measurement 2-5; SMT, sensorimotor training; SMT-BT, sensorimotor training with behavioral therapy elements; CG, control group; PSS, German version of the Perceived Stress Scale; VE, German version of the Maastricht Vital Exhaustion Questionnaire–Short Form; FABQ-D, German version of the Fear Avoidance Beliefs Questionnaire; HADS-D, German version of the Hospital Anxiety and Depression Scale; POMS, German version of the Profile of Mood States; PVAQ, German version of the Pain Vigilance and Avoidance Questionnaire; TMT, Trail Making Test.




Participants

In total, 744 persons were screened for MSB. Finally 662 were included. Of these 154 participants participated at study center Potsdam. Out of these, 21 were recruited for the pilot study. Participants were between 18 and 65 years old, suffered from intermittent low back pain, were fluent in German and able to fill out a questionnaire independently. The intermittent low back pain is a nonspecific low back pain event lasts four or more days in the past 12 months. Exclusion criteria were limited mobility, acute back pain within the last 7 days, implants or other metallic parts in/on the body (e.g., metallic contraceptive coil, bone screws, pacemaker, etc.,), pregnancy, pre-existing cardiovascular and psychological diseases/conditions, limited cognitive functions, tattoos, claustrophobia, diabetes and tinnitus. Participants were informed about the experiment at the time of recruitment and provided written informed consent prior to taking part in the study. The participation was voluntarily and was not compensated.



Intervention

The detailed structure of the training program has been described in different MSB study publications from the MiSpEx network (23, 24). The training courses were carried out in a clinical environment (center-based, first 3 weeks) and at home-based (following 9 weeks). Each training session was 40 min. In the clinical phase, a sport- or physiotherapist guide the training sessions. During the home-based phase, participants trained with a DVD exemplifying the training and wrote a training dairy (22).

There were two intervention groups: the unimodal group (SMT) and the multidisciplinary group (SMT+BT). Within the unimodal group, SMT was applied, which comprised 12 weeks of training. In the first 3 weeks, guidance was offered in a study center three times a week for 30 min. The training continued for 9 weeks at home and was supported by a DVD exemplifying the exercises. The training consisted of four different exercises (stability, deadlift/rowing, heel stand, and side planks). Within the meaning graded activity, the exercises can be adjusted to 12 different levels of difficulty in order to allow individual increases intensity (22).

Within the multidisciplinary group, the sensorimotor training was supported by behavioral therapy (SMT+BT), which consisted of cognitive distraction during the SMT exercises, psychoeducation, and a body-scan. Cognitive distraction effectively influences pain inhibition and may relate to decreasing fear-avoidance to exercise intervention (23, 25, 26). The participants of this group were cognitively distracted during the SMT training by n-back tasks. N-back tasks were performed at different levels. Participants performed 1-back at week 1–3, 2-back at week 4–7, and 3-back at week 7–12. The distraction task was guided by a DVD and performed while exercising. Exercise repetitions were timely adapted to cognitive tasks.

At the end of each training session, the participants performed a body scan, which was based on the Mindfulness Based Stress Reduction programme. This is complemented by a detailed patient education (including partner, if applicable) providing knowledge about the origin and maintenance of pain as well as goal-orientated coping strategies in everyday life [for detailed design and intended effects see (22)]. The CG receive usual care.



Instruments and methods
 
Pain, stress, and mental health

Pain intensity and subjective pain disability were investigated using the Von Korff questionnaire (27). Stress was assessed by psychometric instruments for the following constructs: subjective stress via the Perceived Stress Scale (PSS) (28), vital exhaustion via the Maastricht Vital Exhaustion Questionnaire – Short Form (VE) (29) and life events (LE) by singular items; the mental health section included: for pain/emotion processing the Fear-Avoidance-Beliefs-Questionnaire (FABQ-D) (30), Avoidance-Endurance-Questionnaire (AEQ-PPS) (31) and the Pain Vigilance and Avoidance Questionnaire (PVAQ) (32); for anxiety and depression the Hospital Anxiety and Depression Scale (HADS-D) (33), and for Mood the Profile of Mood States (POMS) (34). Aspects of personal life and (health) care via sociodemographic information, the Berlin Social Support Scales (BSSS) (35) and the Relationship Questionnaire (RQ-2) (36). The use of medication and stimulants was documented adjacent to sleeping habits.



Cognitive performance

As chronic pain is associated with slower psychomotor and processing speed (37, 38), the TMT was used. The TMT is a test commonly used in behavioral research to investigate visuomotor processing speed, executive functions and attention of neuropsychological functions (e.g., cognitive flexibility and working memory) (39). The TMT was chosen because of the great test-retest reliability of the TMT-A (0.76 and 0.89) and its feasibility in mobile studies (40). By using a touch-sensitive tablet to record TMT test results, measurements can be made more mobile. This is of advantage in clinical studies (“from bench to bedside”) or in home-based study designs. As the current pilot study was conducted to test the feasibility and evaluate the potential of future research projects in a first step, further developments in mobile and more autonomous environments show promising perspectives.

In more detail, the TMT-A (see Figure 2A) measures predominantly processing speed, whereas part B captures higher cognitive performance (e.g., cognitive flexibility). Part A consisted of pseudo-randomly distributed numbered circles ranging from 1 to 25. Subjects were asked to connect the circled numbers in an ascending order as quickly as possible with high accuracy. The time to complete the TMT was measured accordingly and mirrors processing speed and cognitive flexibility. The TMT was presented using the software PEBL (Psychology Experiment Building Language) on a DELL laptop with a standard PnP-monitor (32-bit).


[image: Figure 2]
FIGURE 2
 (A) Illustration of the Trail Making Test (TMT-A) and the development of cognitive performance; (B) The performance of TMT-A across the different measurement points baseline, M2, M4, and M5 for each group separately (SMT, sensorimotor training; SMT+BT, sensorimotor training with behavioral therapy elements; CG, control group). The multidisciplinary training group (SMT + BT: n = 5) improved after 3 (M4) and 6 month (M5). *p < 0.05 **p < 0.01.




MRI data acquisition

MRI scans were acquired on a 3-Tesla whole body system (Siemens Trio, Erlangen, Germany) equipped with a 32-channel head coil. Each scan consisted of sequences for structural MRI (T1, MPRAGE, spatial resolution 1 x 1 x 1 mm3; echo time 2.52 ms; repetition time 1900 ms; flip angle 9°) and functional recordings in resting-state (T[image: image], echo planar images, spatial resolution 3 x 3 x 3.2 mm3, echo time 30 ms; repetition time 2300 ms; flip angle 70°). The whole-brain T[image: image]-weighted echo planar images consisted of 37 slices per volume. Slices were aligned with the AC-PC line (anterior and posterior commissure). Functional resting-state MRI (rsMRI) scans consisted of 160 volumes per participant. During the acquisition of rsMRI and structural MRI, the participants were asked to open their eyes and a fixation cross was projected onto a screen visible through a mirror mounted on the headcoil.




Statistical analysis

The standardized psychometric tests were prepared according to the accompanying manuals.


Cognitive performance

The results of the TMT were calculated as ratio and difference scores between processing time and errors. The data of the TMT measurements were analyzed descriptively and inferentially. Outlier were excluded in order to avoid skewed distributions and distorted results driven by single outlier values. Outliers were recognized by the boxplot from SPSS (outliers are defined as values which is beyond the range between 3rd quartile + 1.5*interquartile range and 1st quartile −1.5*interquartile range). A one-way ANOVA and Bayesian one-way ANOVA were employed to assess group differences before intervention. Repeated measures ANOVAs and Bayesian repeated measures ANOVA were applied to investigate differences in cognitive performance after 3 weeks and 3 months of intervention within the groups. Statistical significance was set to p < 0.05 and p < 0.017 for multiple tests (applying a Bonferroni correction). For interpretation of Bayes factors, see Andraszewicz et al. (41). Statistical analyses were performed using IBM SPSS Statistics Version 20 (SPSS Inc., Chicago, IL) and by JASP (Version 0.16) [Windows] for Bayesian statistics.



Processing of MRI data

MRI data from 20 participants were preprocessed and statistically analyzed using the software FSL (release revision 5.0.8, see https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/) (42, 43). Functional images were corrected for head movement [MCFLIRT, (44)], motion outliers (see FSL Motion Outliers), brain-extracted [Brain Extraction Tool, (45)], high-pass filtered (100 s) and smoothed with a 5 mm Gaussian filter. Furthermore, an independent component analysis [ICA, MELODIC Toolbox (46)] was performed, and data were divided into 25 statistically independent components from which noisy components were removed by using an operationalized procedure (47). Individual time series of affected components were classified as artifacts and excluded from the entire data set by linear regression. In more detail, 13 components from the baseline measurement, M4 and M5 were removed, respectively. 15 components were removed from M2. Finally, anatomical brain regions of interest (ROI) were defined based on Cifre et al. (48) (please refer to Supplementary material): the periaqueductal gray (PAG), the primary motor cortex (M1), the primary/secondary somatosensory area (S1/S2) and the supplementary motor area (SMA). Functional connectivity analyses, based on the temporal signal course between ROIs, were performed using the Z-transformed correlation coefficients in Python 2.7.6.

T1-images were statistically analyzed according to the modified VBM protocol for longitudinal data (49, 50). Images were brain-extracted, segmented (white matter, cerebrospinal fluid, gray matter) and smoothed. The resulting gray matter images were non-linearly aligned to a study-specific template and modulated, i.e., each voxel of each registered gray matter image was divided by the Jacobian of the warp field in order to compensate for the contraction/enlargement of the non-linear component of the transformation (49). In order to control for gray matter in each ROI, the proportion of gray matter was calculated from gray matter images using the FSL FAST tool (http://fsl.fmrib.ox.ac.uk/) and included as a control variable in correlational ROI to ROI analyses (see Correlation between functional connectivity and depression).



Correlation between functional connectivity and depression

For this analysis, unimodal (SMT) and multidisciplinary (SMT+BT) were pooled as the intervention group (IG) while analyzing the change and correlation of functional connection because of the small sample size. The correlation between the changes of functional connectivity in pain processing areas (PAG and SMA) with the subscale depression of the HADS-D was investigated using Pearson's r (controlled for the volume of the gray matter in PAG and SMA). Statistical significance was set to p < 0.05.





Results


Descriptive of pain, stress and mental health

Twenty-one participants (age range between 20–62 years, n = 14 female) took part in the study. Nine participants were allocated to the multidisciplinary group (SMT), five to the multidisciplinary group (SMT+BT) and seven to the CG. During MRI measurements no incidental findings occurred and no participant was excluded due to excessive head motion. However, one subject was excluded and did not complete all examinations (n = 20 participants in MRI). Seven participants were smokers and consumed alcohol regularly (33.3%). 16 Participants exercised regularly (76.2%), whilst the average training time of the sample was 3.1 h per week (see Table 1).


TABLE 1 Descriptive information about the sample and psychometric information (left side) including ranges of the questionnaires.

[image: Table 1]

The number of participants taking painkillers showed no difference among three groups at baseline [X2(2) = 4.4, p = 0.11], measurement 4 [M4) (X2(2) = 1.45, p = 0.48] and measurement 5 (M5) [X2(2) = 0.78, p = 0.68]. Five participants took painkillers (Ibuprofen) at baseline, M4, and M5 (baseline: two participants from the control group; at M4, two from the control group, one from the SMT and one from SMT+BT; at M5 one from the SMT group). Apart from painkillers, some participants took birth control pills, daily supplements, allergy or thyroid medicine, potassium iodide, methotrexate, cold medicine, blood pressure control medicine or eye-drops.



Changes in cognitive performance

Three outliers were excluded from data analysis [one from the CG at baseline measurement, one from the CG at M3, and one from the IG (SMT) at M4]. At the beginning of the measurements (baseline), the participants of the control group showed slightly better cognitive performance data compared to the intervention groups. However, this baseline difference did not reach statistical significance [CG vs. SMT: F(1, 14) = 2.36, p = 0.15; CG vs. SMT+BT: F(1, 11) = 3.02, p = 0.11; SMT vs. SMT+BT: F(1, 12) = 0.10, p = 0.76; Bayes factor = 0.90].

Considering the cognitive performance over time within the groups, the multidisciplinary intervention group (SMT+BT) showed significant improvements after 3 months (baseline vs. M4: F(1, 4) = 10.84, p = 0.03) and also after 6 months [baseline vs. M5 for TMT-A: F(1, 4) = 26.29, p < 0.01; see Figure 2B] with strong evidence (BF10 = 16.05, baseline vs. M4: BF10 = 3.19, baseline vs. M5: BF10 = 9.27); such a result could not be established for either the unimodal intervention group (SMT) or the CG [CG: baseline vs. M2: F(1, 6) = 0.53, p = 0.50; baseline vs. M4: F(1, 6) = 2.14, p = 0.19; SMT-group: baseline vs. M2: F(1, 7) = 1.72, p = 0.23; baseline vs. M4: F(1, 7) = 1.60, p = 0.25]. The Bayes factor also indicates that the CG and SMT showed little change with time (anecdotal evidence, Bayes factor = 0.88 and 0.29).



Changes of functional connectivity as a consequence of the intervention in pain processing brain areas

In order to investigate unbiased connectivity results between time points, the total sample was used to compare values (Table 2, left column). All ROIs showed a global decrease of connectivity between pre and post-intervention. Next, subgroups were established and connected to subjective pain ratings. In the IG, the central importance of the PAG could be underlined for processes of pain perception. Specifically, the region of interest in the PAG showed significant functional connectivity to the primary motor cortex (M1) and the precuneus. Moreover, the PAG-associated connectivity (post-intervention) was related to subjective pain intensity in the IG. Considering the CG, PAG-associated connectivity was not connected to subjective pain intensity (both pre- and post-intervention). Only in the IG there was a correlation between PAG-associated connectivity (post-intervention) and subjective pain intensity (see Table 2).


TABLE 2 Functional connectivity and connections between pain-relevant networks (ROIs) and subjective data; t-tests and correlations according to Pearson (r), p < 0.05.
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Correlation between functional connectivity and depression

The IG showed a correlation after the intervention (r = 0.691, p = 0.039). This relationship was not seen prior to the intervention (in neither the IG nor the CG) and could not be observed in other PAG-related areas (Table 2). No associations were observed following training on changes in pain and depression.




Discussion

The current study investigated the effects of uni- and multidisciplinary sensorimotor training in combination with a cognitive distraction task on cognitive performance. Moreover, MRI was applied in order to investigate changes in functional connectivity and its association with pain processing in brain areas involved in pain processing.

The study results showed that cognitive performance, operationalized by scores of processing speed, increased over time in participants receiving multidisciplinary training (SMT+BT). This suggests that working memory tasks activating cognitive activities while exercising can serve as competing stimuli in pain related areas, finally leading to an improvement in cognitive performance (51–53). Further, this type of intervention may reduce cognitive impairment due to chronic pain, which can improve life quality and may be valuable for elderly patients (54). With that in mind, this training type may be a suitable tool for the prevention and therapy of chronic pain.

With regard to the relationship between functional changes in pain processing brain areas and pain perception, the results showed that the reduction of subjective pain intensity in the intervention group was correlated with reduced functional connectivity between PAG and sensory/motor areas. In addition to reduced subjective pain intensity, it seems that the involvement of functional connectivity between PAG and sensory/motor areas decreases continuously over time (55), which is only a global and unspecific effect that could be seen in the current results. Results related to pain intensity results are in line with study results of Buhle and Wager (20, 56), who showed that increased activity in the PAG is correlated with pain perception in healthy participants. Thus, the results lead to the assumption that the intervention programme potentially influences subjective pain intensity and the level of PAG-related neuronal activity. The relationship between functional changes in the PAG and SMA suggests that participants of the intervention could benefit from the training.

Moreover, the relationship between depressive mood and structural changes was confirmed in preliminary analyses of the current data set (57), as those subjects showed indeed a reduction of the gray matter in the brain [e.g. (58)]. The exact implications of this finding and its relevance in combination with physical activity, pain perception or possible interacting effects of training were not investigated. These questions need to be targeted in future research studies.


Limitation

The current study can be classified as a pilot study that was used to investigate effects of a specific combined physical and behavioral training, which intended an erase of pain traces as well as an increase of neuromuscular control and cognitive performance (13). The current results may provide useful initial evidence for the development of new therapies for people suffering from centralized chronic pain problems, delayed reaction or motivation to start exercising and who had strong problems start exercising. Of course, the basic statistical analyses due to the low number of participants prevent further evaluations and statistical approaches, such as an interaction of group by time. As such, any inferences that can be drawn from the results about specific intervention effects are restricted. The results of the current pilot study, including small sample sizes, need to be interpreted with caution. Aiming at a better understanding of the complex interactions between physical training and pain processing, future studies need to increase sample sizes. In addition, as the TMT represents only a part of the bigger construct of cognitive performance, current results should be seen limited to performance speed. Finally, measurements of neurotransmitter concentrations via magnetic resonance spectroscopy can be used to further shed light on these complex relationships.




Conclusion

The results of the current pilot study need to be considered with caution, as sample sizes are low and subsequent statistical analyses limited. However, the study design may serve as a good example for future studies investigating such intervention programs while targeting possible effects on brain and behavior. The present results suggest that changes on the behavioral and neuronal level may come into effect. Hence, these changes can be measured with well-considered instruments. In future studies the application of specific intervention programs, as described in the current pilot study, may be considered for application in therapy and prevention programs.
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