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Introduction: Mild cognitive impairment (MCI) is a stage between health and dementia, with various symptoms including memory, language, and visuospatial impairment. Chiropractic, a manual therapy that seeks to improve the function of the body and spine, has been shown to affect sensorimotor processing, multimodal sensory processing, and mental processing tasks.

Methods: In this paper, the effect of chiropractic intervention on Electroencephalogram (EEG) signals in patients with mild cognitive impairment was investigated. EEG signals from two groups of patients with mild cognitive impairment (n = 13 people in each group) were recorded pre- and post-control and chiropractic intervention. A comparison of relative power was done with the support vector machine (SVM) method and non-parametric cluster-based permutation test showing the two groups could be separately identified with high accuracy.

Results: The highest accuracy was obtained in beta2 (25–35 Hz) and theta (4–8 Hz) bands. A comparison of different brain areas with the SVM method showed that the intervention had a greater effect on frontal areas. Also, interhemispheric coherence in all regions increased significantly after the intervention. The results of the Wilcoxon test showed that intrahemispheric coherence changes in frontal-occipital, frontal-temporal and right temporal-occipital regions were significantly different in two groups.

Discussion: Comparison of the results obtained from chiropractic intervention and previous studies shows that chiropractic intervention can have a positive effect on MCI disease and using this method may slow down the progression of mild cognitive impairment to Alzheimer’s disease.
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Introduction

Dementia is a broad group of brain disorders that lead to cognitive impairment, gradual dysfunction, and death of brain cells (Fiscon et al., 2018). Dementia manifests as progressive and persistent deterioration in memory, language, communication, visuospatial skills, personality, or cognition (i.e., judgment, problem-solving, insight, planning and executing tasks, etc.). So far, extensive studies have been conducted to find ways to diagnose and cure these diseases (Orange and Ryan, 2000). Alzheimer’s disease (AD) is one of the most common cognitive disorders and has the highest prevalence of any dementia-type disease (Czigler et al., 2008). Alzheimer’s disease does not have a definitive diagnostic test, and diagnosis is usually one of exclusion (Geldmacher and Whitehouse, 1997). The early diagnosis of AD, or the diagnosis of mild cognitive impairment, is important as early identification can assist in the treatment of people with AD (Gallego-Jutglàa et al., 2015; Faghfouri et al., 2024).

The intermediate stage between normal cognitive impairment due to aging and dementia is defined as mild cognitive impairment (MCI) (Fiscon et al., 2018). There are many symptoms of MCI, but memory loss is one of the risk factors for Alzheimer’s disease (Grundman et al., 2004). Mild cognitive impairment is by its nature and name mild and is considered a precursor to AD. Mild cognitive impairment does not cause serious interference in daily activities, but the rate of its growth and conversion to AD is estimated at 15–20%, while for the typical older adult, this growth rate is around 1–2% (Gallego-Jutglàa et al., 2015).

Mild cognitive impairment may result from changes in the brain that occur in the early stages of AD or other forms of dementia, but the exact cause is still unknown. There is no acceptable evidence that drugs or nutritional supplements are effective in improving cognitive symptoms in patients with mild cognitive impairment (Langa and Levine, 2014). Some evidence shows that regular exercise is effective and beneficial for improving the cognitive symptoms of this disease (Amjad et al., 2018). Previous studies show that one of the important signs of MCI and AD is electroencephalogram (EEG) signal slowing (Dauwels et al., 2010).

Previous research has investigated the effect of chiropractic methods on the function of the nervous system at different levels, for example, motor output, sensory processing, functional performance, and sensorimotor integration (Steven Waterstone et al., 2020). Chiropractic is a method that focuses on the spine and other joints of the body and their relationship with the nervous system. This therapy assesses of disorders in the neuromuscular skeletal system and their effects on the nervous system and the overall health of the body (Gatterman, 2005). Chiropractic intervention in areas of joint dysfunction, most commonly in the spine, can alter the sensory input sent to the brain, altering sensorimotor processing, and effecting subsequent motor functional brain connections (Steven Waterstone et al., 2020).

Over the past decades, a growing body of research has been focused on chiropractic spinal intervention and its effects on the central nervous system (CNS). Research suggests that chiropractic intervention to dysfunctional spinal joints alters the mechanoreceptive input from the spine and that this, in turn, alters how the brain processes, interprets and integrates other interoceptive and exteroceptive information (Steven Waterstone et al., 2020).

In Steven Waterstone et al. (2020) the authors investigated chiropractic spinal manipulation (SM) and its effects on resting-state functional connectivity in 24 subacute to chronic stroke patients monitored by EEG. Functional connectivity of both linear and non-linear coupling was estimated by coherence and phase lag index (PLI), respectively. Results showed a significant increase in functional connectivity from the PLI metric in the alpha band within the default mode network (DMN). The functional connectivity between the posterior cingulate cortex and parahippocampal regions increased following SM. These findings suggest that SM may alter functional connectivity in the brain of stroke patients and highlight the potential of EEG for monitoring neuroplastic changes following SM. In Navid et al. (2020) the authors aimed to evaluate the impact of chiropractic SM on the early somatosensory evoked potentials (SEP) and resting state EEG recorded from chronic stroke patients. Following SM, the N30 amplitude increased by 39%, which was a significant increase compared to the control intervention. The results of this study show that a single session of chiropractic SM increased the amplitude of the N30 SEP peak in a group of chronic stroke patients, which may reflect changes to early sensorimotor function.

In this study, the aim is to investigate the changes in neural activity using the EEG signal pre- and post-chiropractic or control intervention in participants with MCI.



Methods


Experimental protocol

The present study used a randomized controlled cross-over design and was conducted at Railway General Hospital in Rawalpindi, Pakistan. The study protocol was approved by the Internal Review Board (approval number IRB-67) at the Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology and Riphah College of Rehabilitation Sciences, Islamabad, Pakistan. The study was also approved by the New Zealand College of Chiropractic Research Committee. The study was conducted following the Declaration of Helsinki.



Participants

Participants were eligible to participate if they were clinical diagnosis and mini-mental state examination (MMSE) scores were between 19–24 as assessed by physicians. The participants were ineligible to participate if they showed no evidence of spinal dysfunction, had absolute contraindications to spinal manipulation (e.g., spinal fracture, atlantoaxial instability, spinal infection, spinal tumor, or cauda equina syndrome), or previously experienced a serious adverse event following chiropractic spinal manipulation.

26 individuals with MCI aged 63 ± 5 years (4 Females) were randomly divided into control and chiropractic groups (13 subjects in each group); the subjects gave their written informed consent to participate in the study.



Experimental protocol

The EEG was recorded (2 min) at a sampling rate of 2048 Hz from 62 channels using a REFA amplifier (TMSi, Twente, The Netherlands) according to the 10–20 electrode system. The ground electrode was placed at AFz. The impedance of the electrodes was kept below 10 kΩ. The subjects were asked to focus on a white fixation cross with a black background displayed in the center of a computer screen while minimizing eye blinks, eye movements, and facial movements.



Interventions

The chiropractic SM and control interventions were similar to those used in previous studies that investigated the neurophysiological effects of chiropractic SM (Haavik and Murphy, 2012; Niazi et al., 2015; Lelic et al., 2016; Holt et al., 2019; Navid et al., 2019a, 2020; Steven Waterstone et al., 2020; Navid et al., 2022). The same chiropractor, a graduate of the New Zealand College of Chiropractic, with over five years’ of experience, performed the experimental and control interventions. At the end of the second session, the subjects were asked if they had perceived that they had undergone active treatment (‘yes’ or ‘no’).



Chiropractic spinal manipulation

The New Zealand registered chiropractor manually performed high-velocity, low-amplitude manipulations or via instrument assistance to the spine or pelvic joints, representing typical treatments used in the chiropractic profession (Cooperstein and Gleberzon, 2004). The chiropractor selected site(s) for SM based on routinely used clinical indicators (Triano et al., 2013), which included tenderness to palpation of the relevant joints; restricted intersegmental range of movement on manual palpation; palpable asymmetric intervertebral muscle tension, and any unusual or blocked joint play and end-feel of the joints. Chiropractic SM was applied at multiple levels of the spine and pelvis depending on each patient’s clinical findings. Chiropractic SM was provided where clinically warranted and was either manual, high-velocity, low-amplitude thrusts, or instrument-assisted thrusts to the spine or pelvic joints. Each participant received adjustments at various levels of the spine, as deemed suitable following the chiropractic examination. The duration of each chiropractic visit averaged around 15 min, during which no additional interventions were administered by the chiropractor.



Control intervention

The control intervention acted as a physiological control for possible changes occurring due to the cutaneous, muscular, or vestibular input that would have occurred with the movements involved in preparing a patient for chiropractic SM. The chiropractor applied a simulated (sham) SM by passively moving the subject’s head, spine, and body into positions approaching those used in the chiropractic manipulation intervention group. However, the chiropractor took care to not provide a manipulative thrust/impulse or to take a spinal motion segment to the end-range tension.

In this study, EEG data of 26 patients with MCI, who were randomly divided into control and chiropractic groups (13 subjects in each group), were analyzed. The average age of the chiropractic group is 66 and the average age of the control group is 65.

All subjects were subjected to a clinical diagnosis and mini-mental state examination (MMSE) scores were assessed by physicians. Subjects were asked to sit still and avoid any movement of hands, fingers, or facial twitches (blinking). Two minutes of EEG data were recorded for each person pre- and post-intervention.



Data processing

In this study, data preprocessing has been done using MATLAB software and EEGLAB toolbox. One of the common statistical approaches to removing the artifact is the independent component analysis (ICA) method (Luck, 2014). The ICA is a method to separate the signal into the sum of several other signals so that the resulting signals are independent and have a non-Gaussian distribution. In this study, the EEG signal was pre-processed to remove artifacts caused by eye and body movements using the ICA method. After using ICA, the average reference was calculated for the data. Then, using EEGLAB, the data was filtered with a finite impulse response (FIR) filter with a Kaiser window (β = 5.653) of order 7420 (corresponding to a transmission bandwidth of 1 Hz) in the range of 0.5 to 40 Hz. Also, the sampling rate was reduced to 512 Hz (Navid et al., 2019b).

To obtain an artifact-free signal, the removal of epochs with artifacts was done using the following four criteria and with the help of ERPLAB: (1) Voltage greater than 100 microvolts. (2) Peak-to-peak voltage greater than 150 microvolts with a window of 200 milliseconds and a step of 100 milliseconds. Peak-to-peak voltage is the difference between the most positive and the most negative voltage in a window. (3) Voltage greater than 100 microvolts from the step function with a window of 200 milliseconds and a step of 50 milliseconds. This step function was used to find quasi-step changes in voltage during saccadic eye movements as well as blinking. (4) A difference between two consecutive samples of more than 50 microvolts, is used to detect sudden shifts in voltage between two consecutive sample (Lopez-Calderon and Luck, 2014).



Nonparametric cluster-based permutation

EEG data has a spatio-temporal structure where the signal consists of multiple electrode locations and time points determined by the sampling frequency. Furthermore, when investigating the effect of an intervention, data are collected in two test conditions: pre- and post-intervention. Multiple comparisons, assessing for a difference between the two conditions, using statistical methods such as cluster-based permutation tests (Oostenveld and Maris, 2007). In this study, 5,000 permutations were performed (Kajihara et al., 2015). To check the significance probability of clusters, the Monte Carlo method was used, because the permutation distribution can be estimated using this method (Ernst, 2004). With the help of this method, the p-value is obtained. If the p-value is lower than the critical alpha level (usually 0.05), it can be concluded that the data related to different test conditions are significantly different (Oostenveld and Maris, 2007). The analysis was done in MATLAB software using the FieldTrip toolbox (Oostenveld et al., 2011). First, the pre-processed data were loaded into MATLAB software. Then frequency analysis was done to estimate the power spectrum. Power estimation for this study was done using non-parametric spectral estimation and a single Hanning taper. The purpose of the non-parametric cluster-based permutation test was to determine the statistical difference between EEG measurements before and after the intervention.

The relative power was calculated for each of the frequency bands and then a permutation test was performed to check the statistical differences pre- and post-intervention in two chiropractic and control groups. Finally, the results were shown as topographic maps. The statistical difference was investigated in six bands: delta (4–0.5), theta (4–8), alpha1 (8–11), alpha2 (11–14), beta1 (14–25) and beta2 (25–35).



SVM classification

There are many classifiers, such as linear discriminant analysis (LDA), support vector machine (SVM), artificial neural network (ANN), and Bayesian classifier that have been effectively used in medical and other fields. Among these, SVM is widely used to classify neurological and brain disorders such as epilepsy and AD (Sharma et al., 2018). A support vector machine was developed by Vapnik and Cortes for a two-class classification problem (Cortes and Vapnik, 1995).

In order to check whether the difference between pre- and post-measurements was different between the chiropractic or control interventions and also to find the channels with more power change after the intervention, we used the SVM method. The relative power difference before and after the intervention was used as a feature in the classification. First, the relative power of each of the frequency bands was calculated for the signals pre- and post the interventions, creating six data sets each corresponding to one of the frequency bands. For each band, the relative power before the intervention was subtracted from the relative power after the intervention. This process was repeated for each participant. Figure 1 shows the process of creating features for classification. To increase the number of samples, 5 s intervals were selected. In this way, 24 samples were created for each participant and a total of 312 samples were created for each group.

[image: Figure 1]

FIGURE 1
 The process of creating features for classification with SVM. This process was repeated for each of the frequency bands.


The classification performance in different frequency bands was obtained using the accuracy criterion, according to the following equation, where [image: image] is true positive, [image: image] is true negative, [image: image] is false positive, and [image: image] is false negative.

[image: image]

High accuracy shows that the classifier can distinguish the features related to the chiropractic group from the features related to the control group. In other words, the high accuracy shows that the differences that occur after applying the chiropractic method are different from the changes after a control intervention.



Coherence analysis

EEG coherence can be defined as the normalized cross-power spectrum per frequency of two signals recorded simultaneously at different sites of the scalp. It is a measure of the synchronization between the two signals and may be interpreted as an expression of their functional interaction (Locatelli et al., 1998). The coherence estimates represent the temporal synchronization or functional coupling of the two cortical populations generating the scalp EEG data collected by the paired electrode (Moretti et al., 2008). In order to investigate the effect of the intervention on EEG signal synchronization, the coherence between different areas was calculated. Right and left frontal, right and left parietal, right and left temporal, and occipital regions were considered. To obtain the coherence between the two regions, first the coherence of all pairs of channels in the two regions was calculated and then averaged. In order to increase the number of samples, coherence was calculated in 5 s intervals. In this way, for each subject, the coherence of 24 intervals of 5 s (120 s in total) was obtained. For statistical comparison, Wilcoxon rank sum test was used to compare pre and post coherence and to compare the coherence differences in the control and chiropractic groups.




Results

In the study evaluating the effectiveness of subject blinding, out of 26 participants, three suspected that one of their sessions was inactive. Among these three, just one correctly identified the order of the interventions (chiropractic or control) they received.


Nonparametric cluster-based permutation

Permutation tests were performed to investigate the statistical difference in the power spectrum for two comparisons: (1) pre-measurements for control vs. post-measurements for control, and (2) pre-measurements for spinal manipulation vs. post-measurements for chiropractic intervention. p-values were obtained for significant differences and the results were visualized as topographic maps. These topographic maps show the different values for each channel. Figures 2–7 show the mean difference of relative power between pre- and post-conditions in each frequency band in the control and chiropractic groups. In the chiropractic group, a decrease in power was observed for the delta (0.5–4 Hz) and theta (4–8 Hz) bands, and an increase in power was observed for the beta2 band (25–35 Hz) post the intervention.

[image: Figure 2]

FIGURE 2
 Topographic difference maps in comparison of the pre-and-post for control and chiropractic groups in the delta frequency band (0.5–4 Hz).


[image: Figure 3]

FIGURE 3
 Topographic difference maps in comparison of the pre-and-post for control and chiropractic groups in theta frequency band (4–8 Hz).


[image: Figure 4]

FIGURE 4
 Topographic difference maps in comparison of the pre-and-post for control and chiropractic groups in the alpha1 frequency band (8–11 Hz).


[image: Figure 5]

FIGURE 5
 Topographic difference maps in comparison of pre-and-post for control and chiropractic groups in the alpha2 frequency band (11–14 Hz).


[image: Figure 6]

FIGURE 6
 Topographic difference maps in comparison of the pre-and-post for control and chiropractic groups in the beta1 frequency band (14–25 Hz).


[image: Figure 7]

FIGURE 7
 Topographic difference maps in comparison of the pre-and-post for control and chiropractic groups in the beta2 frequency band (25–35 Hz).


Data analysis using nonparametric cluster-based permutation resulted in p-values for cluster changes. Clusters were identified in delta and theta for the chiropractic and beta2 in the control group. Based on the p-values for each cluster no statistical significance was found in the two comparisons. Clusters identified in each frequency band and the p-value of each are listed in Table 1.



TABLE 1 Results from the nonparametric permutation test.
[image: Table1]



SVM classification

The purpose of using SVM was to investigate whether this method could complement the results obtained from the statistical method. The process of training and testing the classifier was repeated 20 times in each run, 70% of the subjects were randomly selected for training and 30% for testing. The mean accuracy in 20 runs was considered as the final accuracy.

For all frequency bands, the classifier separated the control and chiropractic groups with high accuracy. The highest accuracy was obtained in beta 2, theta, and delta bands, respectively. In the permutation test, the clusters were found in these frequency bands (Table 2).



TABLE 2 Results from the SVM classifier in the classification of control and chiropractic groups.
[image: Table2]

The SVM method was used to investigate which areas had the most impact in the intervention. In this case, the relative power difference pre- and post-intervention in each frequency band was selected as a feature and each time the data related to a channel was considered separately as a feature. The accuracy obtained for each channel in the classification of control and chiropractic groups is shown in Figure 8.

[image: Figure 8]

FIGURE 8
 Results from the SVM classifier in the classification of control and chiropractic groups for each channel. Warm colors show more accuracy in classification.


In the delta band the highest accuracy is related to the frontal area (AF8, AF7, and FPz channels), in theta band the highest accuracy is related to the frontal, central, and occipital areas (F5-F3-F1-Fz-F2-FC1-FCz-FC2-Fc4 channels), In alpha1 band, the highest accuracy is related to the occipital (Oz) and right frontal channels (F6), in alpha2 band, the highest accuracy is related to the right frontal and temporal areas (T8, F6), in the beta band, the highest accuracy is related to the frontal channels (AF3-AF4-F3-F1-F4-FCz-Cz) and right temporal lobe (T8-C6-CP6) and parietal (P2) which is higher in beta 2 than beta 1.



Coherence analysis

EEG coherence is defined as the spectral correlation between two channel signals used to evaluate temporal synchronization in the frequency domain. EEG coherence of different regions was calculated for both control and chiropractic groups. Figures 9, 10 show the mean coherence values of all subjects for both pre and post-intervention in the chiropractic and control groups. In general, the coherence values of most areas increased in the chiropractic group after the intervention, which was not observed in the control group. Previous research on EEG coherence in healthy individuals and Alzheimer’s patients has shown a reduction in overall cortical connectivity in AD patients (Sankari et al., 2011). In a study by Babiloni et al. (2009), resting state EEG coherence was studied in 28 healthy and 57 aMCI subjects, which aMCI patients were divided into two subgroups: high Cholinergic damage (+MCI) and patients with less damage (−MCI). The results of the study showed that the overall coherence of the alpha1 frequency band was highest in the control group, moderate in the −MCI group and lowest in the +MCI group. The coherence decrease of alpha and beta bands begins in the earliest stages of the disease and is due to the impairment of corticocortical networks (Locatelli et al., 1998). Considering that coherence has increased in most areas, it can be concluded that chiropractic intervention could have a positive effect on the disease process.

[image: Figure 9]

FIGURE 9
 Mean coherence values of all subjects for pre and post-intervention in the chiropractic group.


[image: Figure 10]

FIGURE 10
 Mean coherence values of all subjects for pre and post-intervention in the control group.





Discussion

One prominent neurophysiological change associated with MCI is a shift in oscillatory EEG power and dominant rhythms from higher to lower frequencies. In this study, the EEG signal power in different frequency bands was analyzed in order to investigate the effects of chiropractic intervention on mild cognitive impairment.

As mentioned, in the chiropractic group, a decrease in power was observed for the delta (0.5–4 Hz) and theta (4–8 Hz) bands, and an increase in power was observed for the beta2 band (25–35 Hz) post the intervention. These results are consistent with previous studies that have shown one of the major effects of MCI and AD is EEG slowing (Dauwels et al., 2010). Mild Cognitive Impairment/AD is associated with an increase of power in low frequencies (delta and theta band, 0.5–8 Hz) and a decrease of power in higher frequencies (alpha and beta, 8–30 Hz) (Dauwels et al., 2010). In MCI patients, the theta band power, especially in the temporal and parietal areas, increases which indicates cognitive impairment. Increasing theta is associated with AHC atrophy as well as with memory deficits, which is a major risk factor for the development of Alzheimer’s disease and MCI (Fauzan, 2015).

Using the SVM method, the highest accuracy was obtained in beta 2, theta, and delta bands, respectively. In the permutation test, the clusters were found in these frequency bands. Previous studies have introduced theta band power as a measure of MCI diagnosis. In MCI patients, the theta band power is higher than in healthy people and has been widely used to distinguish between MCI patients and healthy people (Zappoli et al., 1995; Jelic et al., 1996; Huang et al., 2000). Some studies also show that beta2 band power is correlated with cognitive abilities and is important in cognitive processes. Beta2 band power can predict the progression of Alzheimer’s in the early stages of mild cognitive impairment and could be used as an alternative marker for memory impairment (Kaiser et al., 2017).

Comparing different brain regions, in the delta band the highest accuracy was related to the frontal area. These delta band results of this study are consistent with a study conducted in 2015 by Fauzan (2015) to identify the characteristics of mild cognitive impairment compared to healthy individuals. The mean absolute power amplitude and the mean z scores were obtained in different frequency bands. The results of this study show that in MCI patients, the delta power increases in the frontal and temporal areas.

In the alpha1 band, the highest accuracy was related to the occipital and right frontal channels, in the alpha2 band, the highest accuracy was related to the right frontal and temporal areas, in the beta band, the highest accuracy was related to the frontal channels and right temporal lobe and parietal which is higher in beta 2 than beta 1. In previous studies, it has been shown that in MCI patients, the predominance of beta2 is higher in frontal, temporal, and parietal regions. It has also been shown that alpha and beta activity in the right frontal and parietal decreases in the MCI group while resting with open eyes (McBride et al., 2014).

Abnormal changes in EEG coherence between and within the hemisphere in Alzheimer’s patients suggest that the decrease in coherence may be due to the fact that Alzheimer’s causes extensive brain degeneration, leading to fewer neural connections. In addition, lower coherence values may reflect impaired functional connections between and within the hemisphere (Zheng-yan, 2005). Comparison of coherence changes in the control and chiropractic groups shows that the inter-hemispheric coherence changes in all frequency bands are significantly different between the two groups. Research has shown that EEG inter-hemispheric coherence is significantly lower in patients with AD and MCI than in controls (Zheng-yan, 2005; Hadiyoso et al., 2022).

Previous studies have shown the presence of corpus callosum atrophy in patients with AD compared with healthy individuals. In addition, Koeda et al. (1995) showed a decrease in inter-hemispheric coherence in patients with corpus callosum agenesis. Inter-hemispheric coherence shows functional coupling between brain areas, suggesting the corpus callosum plays a key role in EEG synchronization between hemispheres. The present findings indicate that patients with AD do not have proper interaction between the hemispheres, which reflects impaired functional connections between the hemispheres throughout the corpus callosum (Zheng-yan, 2005). The main contribution of hemispheres in the posterior region is due to the effect of cortical fibers that connect the two hemispheres in the anterior cleft, middle and splenium of the corpus callosum, and their integrity is lost in AD patients. Quantitative MRI studies have confirmed a significant reduction in corpus callosum in patients with AD (Locatelli et al., 1998).

Intra-hemispheric coherence changes of the two groups in the left frontal-parietal, right frontal-temporal and right temporal-parietal areas were significant. The results showed that the left frontal-temporal and right frontal-parietal changes in the beta1 and beta2 bands were significantly different in the two groups. In previous studies comparing MCI patients with healthy individuals, reduced intra-hemispheric coherence in the frontal-parietal areas (right hemisphere and left hemisphere) has been reported (Moretti et al., 2008). Intra-hemispheric coherence analysis showed a significant reduction in the connection of the frontal-temporal-central-occipital network, which was found significantly in the pair of electrodes containing FP1. Decreased intrahemispheric coherence in MCI patients is related to the disconnection of cortico-cortical connectivity which connects the temporoparietal, and occipital areas with the frontal areas (Hadiyoso et al., 2022).

Previous research shows that alpha-band coherence is decreased in the temporoparietal region in AD patients compared with the control group. Metabolic activity in the left hemisphere is also affected earlier than in the right hemisphere. Previous EEG studies using power spectrum analysis have shown that in the early stages of the disease, changes can become more pronounced in the left temporoparietal channels (Locatelli et al., 1998). Coherence changes in this area between the two groups were not significant and it seems that one session intervention could not improve the damage in these areas.

These results suggest that chiropractic SM intervention may augment cognitive function in people with MCI. It is possible that chiropractic intervention may even reduce the risk of developing AD or the progression of cognitive impairment, but far more research is needed to define this relationship. Future research could include prospective studies following people with MCI who have regular chiropractic care, and the assessment of cognitive outcomes in people with MCI or AD under chiropractic care. Our study offers insights into the potential impact of chiropractic intervention on MCI. However, several limitations warrant acknowledgment. Individuals with MCI progress at varying rates and respond differently to treatment, potentially influencing observed neurophysiological changes. Additionally, the persistent effects of medication use, notably psychotropic medications for cognitive symptoms, might affect EEG activity and complicate treatment interpretation. Lifestyle factors such as physical activity, diet, and sleep quality, although potentially influential, were not systematically controlled for in our study. Furthermore, the small sample size and lack of a control group restrict the generalizability of our findings and impede causal inferences regarding observed EEG changes. To address these limitations, future research should conduct larger longitudinal studies, considering participant characteristics and lifestyle factors, alongside stringent control measures. Additionally, to evaluate the intervention’s long-term effects, EEG signals should be analyzed over extended post-intervention intervals.



Conclusion

In this study, a nonparametric cluster-based permutation test and classification with the SVM method were used to investigate changes in EEG signal power in patients with MCI pre- and post-chiropractic or control intervention sessions. A comparison of the relative power of the delta and theta bands showed they decreased after the chiropractic intervention and the power of the beta2 band increased. According to previous studies in the field of MCI, these changes are a sign of improvement in MCI. Using a nonparametric cluster-based permutation test, no significant difference was observed pre- and post-intervention in the control and chiropractic groups. In the chiropractic group, 3 clusters were found in the delta band (p values = 0.1506, 0.1673, 0.1712), 2 clusters in the theta band (p values = 0.1702, 0.1854), and in the control group one cluster was found in the beta2 band (p value = 0.1656).

In order to compare the power changes of the two groups, the SVM method was used for classification. With this method, a high accuracy was obtained for the separation of power changes in control and chiropractic groups in all frequency bands. The highest accuracy was related to the beta2 and theta bands. Previous studies have also reported the importance of these two bands in diagnosing MCI and its progression. The SVM method was also used to investigate which areas were most affected by the intervention.

Coherence was also used to evaluate EEG signal synchrony. The calculation of coherence in different areas showed that, in general, the values of coherence increased in most areas in the chiropractic group post-intervention. Wilcoxon rank sum tests also showed that the interhemispheric coherence changes in all frequency bands are significantly different between the two groups. For intrahemispheric coherence, the changes in the coherence of the two groups were significant in the left frontal-parietal, right frontal-temporal and right temporal-parietal areas. Also, the results of the test showed that the changes in left frontal-temporal and right frontal-parietal coherence in beta1 and beta2 bands are significantly different in the two groups.

A comparison of the results obtained from chiropractic intervention and previous studies shows that chiropractic intervention can have a positive effect on MCI disease and may even reduce the risk of developing AD or the progression of cognitive impairment, but far more research is needed to define this relationship.
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In this case, the features from all channels are used for classification.
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Clusters were identified in delta and theta bands in the chiropractic group and the beta2 band in the control group. Based on the p-values for each cluster no statistical significance was found.





