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Single-pulse transcranial magnetic stimulation (TMS) of the motor cortex may be used to assess excitability along the corticospinal tract (i.e. upper and lower motor neurons) by recording (i) motor-evoked potentials (MEP) of various muscles, at rest or during slight contraction [1, 2]. MEPs are the motor responses recorded in a muscle following the magnetic stimulation of the area of the motor cortex in charge of its control, stimulation that is adjusted in intensity to produce action potentials along the corticospinal tract. These are assessed using electromyography. Six studies included in the present review used MEP amplitude and/or latency as primary outcome [3-8].

During slight contraction, (ii) the cortical silent period (CSP), which depends on both spinal and cortical mechanisms [1, 2], can also be recorded with single-pulse TMS. This is a period, just following the occurrence of a motor-evoked potential, where the electromyographic activity is inhibited, partly through a suppression of corticospinal output at the cortical level. Thus, although its first part is attributed to spinal mechanisms, the CSP appears to be considered primarily as a measure of motor inhibition from cortical origin [1, 2]. Three of the selected studies used CSP duration as a primary outcome [4, 5, 7].

Paired-pulse transcranial magnetic stimulation of the motor cortex allows to assess some intra-cortical inhibition process such as (iii) short interval intra-cortical inhibition (SICI) and (iv) long interval intra-cortical inhibition (LICI); it also allows to assess intra-cortical facilitation process such as (iv) short interval intra-cortical facilitation (SICF) [2, 9]. Paired-pulse TMS involves two successive stimuli, a conditioning stimulus followed by a test stimulus, both directed to the same area of the motor cortex, provided at predetermined intensities and intervals, depending on which process would be measured [2]. Only one of the included study used these types of outcome measures [5].

Also, a specific paired-pulse paradigm allows to assess the functional connectivity between the cerebellum (where the conditioning stimulus is applied) and the motor cortex (where the test stimulus is applied), by assessing the (v) cerebellar inhibition (CBI) [10]. All these neurophysiological measures, i.e. SICI, LICI, SICF and CBI, are obtained by recording motor-evoked potentials that are compared to those produced by single-pulse TMS (as such described above) [2, 9, 10]. One of the included studies used CBI as primary outcome [11]. 

The cortical efferent outputs directed to lower motor neurons may also be investigated by measuring the (vi) volitional wave response, usually called V-wave, a reflex response generated by a muscle which is evoked by a suprathreshold electrical nerve stimulation delivered during its voluntary contraction [12, 13]. The V-wave is described as potentially altered by both segmental and supra-segmental mechanisms but seems to be considered by some authors as primarily reflecting supra-segmental changes [12, 14, 15], especially when it is used in addition to the H-reflex, a reflex response also evoked by electrical nerve stimulation, which may serve as a control for potential segmental changes [13-15]. Two selected studies used V-wave and H-reflex in attempts to distinguish between cortical and spinal mediated changes in response to spinal manipulation (SM)  [16, 17].

Beside cortically mediated motor functions, the ability of the brain to process and to integrate somatosensory peripheral afferent inputs was also investigated after SM in four of the included studies [18-21]. Cortical somatosensory processing and integration of peripheral inputs can be explored by recording (vii) cortical somatosensory evoked potentials (SEP) following peripheral nerve stimulation. A SEP is an electrical potential, usually elicited by electrical stimulation of a peripheral nerve, for example the median nerve, and is recorded by surface electrodes placed along the lemniscal pathways (the pathway of the ascending signal), from the periphery to the cortex [22-24]. Thus, several peripheral, spinal, sub-cortical and cortical SEPs may be recorded following stimulation, each having more or less well identified neural generator(s) [22-24]. This was studied in two of the included studies [18, 21].

Still by recording cortical SEPs, but using a dual peripheral nerve stimulation somatosensory evoked potential ratio technique, the ability of the somatosensory cortex to integrate dual sensory inputs from two adjacent body parts, for example coming from the ulnar and from the median nerves, may be investigated [25]. This process refers to (viii) cortical surrounding inhibition or reciprocal sensory inhibition and is described as reflecting the capacity of the somatosensory system, including cortical areas, to enhance the contrast between two stimuli, allowing the information to be perceived and processed separately [25]. This SEP ratio technique was used in two of the included studies [19, 20]. 

Cognitive function has also been of interest in one of the included study with the use of a mental rotation task [26]. This is a cognitive task, during which two stimuli are presented with varying angular disparity and (ix) reaction time is measured. This would be the time between stimuli  presentation and the decision of the subject, whether these two stimuli do or do not match when mentally aligned [27]. The reaction time is described as the sum of times needed to accomplish four steps that lead to subject decision: 1) stimulus identification, 2) mental rotation of the stimuli, 3) comparison of the stimuli once mentally aligned by rotation and response selection, i.e. do they match or not, and 4) execution or motor response. This type of task is thus used to assess the ability of the subject to mentally rotate two- or three-dimensional stimuli [27, 28].

Functional neuroimaging techniques are other tools to investigated potential alterations in brain function after intervention. Positron emission tomography (PET) combined with the radioactive tracer Fludeoxyglucose (18F) measures (x) regional cerebral metabolic rates for glucose as an indirect measure of neuronal activity [29, 30] . When changes of regional metabolic rates for glucose are investigated, the PET-scan makes it possible to assess the cerebral areas that are activated versus those that are deactivated, respectively areas that present an increase versus those that present a decrease in glucose consumption. This imaging results from the emissions produced by the radioactive molecules injected which are detected by the PET-scanner [29, 30]. Two of the included studies used regional cerebral metabolic rate as primary outcome [31, 32]. 

Finally, two studies [33, 34] chose outcomes assessed by functional magnetic resonance imaging (fMRI). fMRI is based on the same technology as magnetic resonance imaging and aims to detect hemodynamic changes that occur with changes in neural activity in the brain. Several fMRI approaches exist, the most common one being the (xi) blood-oxygen-level-dependent (BOLD) contrast. Activation studies typically measure BOLD signal changes in response to a stimulus (used by Sparks et al. 2017 [34]). When investigating (xii) functional connectivity, the BOLD signal across different brain regions is interrogated for temporal coherence (correlation in time) (used by Gay et al. 2014 [33]). Thus, potential changes in the simultaneous activation of different brain areas is investigated through this fMRI approach in order to explore the neurophysiological mechanisms which may underlie a tested intervention. 













LIST OF ABBREVIATIONS
BOLD: blood-oxygen-level-dependent; CBI: cerebellar inhibition; CSP: cortical silent period; fMRI: functional magnetic resonance imaging; LICI: long interval intra-cortical inhibition; MEP: motor-evoked potential; PET: positron emission tomography; SEP: somatosensory-evoked potentials SICF: short interval facilitation; SICI: short interval intra-cortical inhibition; SM; spinal manipulation; TMS: transcranial magnetic stimulation.
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