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Abstract

:

There is growing evidence showing that spinal manipulation increases muscle strength in healthy individuals as well as in people with some musculoskeletal and neurological disorders. However, the underlying mechanism by which spinal manipulation changes muscle strength is less clear. This study aimed to assess the effects of a single spinal manipulation session on the electrophysiological and metabolic properties of the tibialis anterior (TA) muscle. Maximum voluntary contractions (MVC) of the ankle dorsiflexors, high-density electromyography (HDsEMG), intramuscular EMG, and near-infrared spectroscopy (NIRS) were recorded from the TA muscle in 25 participants with low level recurring spinal dysfunction using a randomized controlled crossover design. The following outcomes: motor unit discharge rate (MUDR), strength (force at MVC), muscle conduction velocity (CV), relative changes in oxy- and deoxyhemoglobin were assessed pre and post a spinal manipulation intervention and passive movement control. Repeated measures ANOVA was used to assess within and between-group differences. Following the spinal manipulation intervention, there was a significant increase in MVC (p = 0.02; avg 18.87 ± 28.35%) and a significant increase in CV in both the isometric steady-state (10% of MVC) contractions (p < 0.01; avg 22.11 ± 11.69%) and during the isometric ramp (10% of MVC) contractions (p < 0.01; avg 4.52 ± 4.58%) compared to the control intervention. There were no other significant findings. The observed TA strength and CV increase, without changes in MUDR, suggests that the strength changes observed following spinal manipulation are, in part, due to increased recruitment of larger, higher threshold motor units. Further research needs to investigate the longer term and potential functional effects of spinal manipulation in various patients who may benefit from improved muscle function and greater motor unit recruitment.






Keywords:


spinal manipulation; maximum voluntary contraction; conduction velocity; near-infrared spectroscopy












1. Introduction


Chiropractic care is often positioned as a treatment for musculoskeletal pain conditions that is based on improving spinal biomechanics [1,2]. Clinical trials and systematic reviews have shown its usefulness for conditions such as neck pain [3,4,5], back pain [6,7], and some types of headaches [8]. However, over recent years, a growing body of research evidence suggests the beneficial effects of chiropractic care have a neurophysiological basis [9] and these effects extend beyond the treatment of musculoskeletal pain [9,10,11,12,13]. It is important to understand the central neural mechanisms of spinal manipulation, beyond treating pain, as a clearer understanding of the mechanisms may help improve the clinical application of spinal manipulation in other populations. For example, athletes may benefit from spinal manipulation if it can help improve proprioception, strength, and prevention of fatigue. Other populations, such as those who have lost their cortical ability to control their muscles (e.g., stroke survivors), may also benefit from spinal manipulation if it can be shown that spinal manipulation has clinically important implications associated with neuromuscular function.



Multiple basic science studies have shown central plastic changes following spinal manipulation (often referred to as chiropractic adjustments by chiropractors) [14] at the cortical level [9,10,11,12,13,15,16,17,18,19,20,21,22,23,24]. Spinal manipulation has been shown to attenuate cortical (frontal N30) somatosensory evoked potential (SEP) responses [21,22,25]. Most evidence suggests the N30 SEP peak has multiple neural generators and reflects processing within a complex cortical and subcortical loop linking the post-central cortical regions (i.e., S1), the basal ganglia, thalamus, pre-motor areas, and primary motor cortex [26,27,28,29,30,31,32,33,34,35,36,37], and therefore this peak reflects early sensorimotor integration [38]. The specific effects of spinal manipulation on this SEP peak have been shown with dipole source localization techniques to selectively alter prefrontal cortex function [23]. Additional studies have explored whether these SEP changes following spinal manipulation might reflect improved proprioceptive processing following a cervical spinal manipulation. One study was conducted to investigate whether cervical manipulation improved elbow joint position sense [12]. This study did show that manipulating the neck of the participants who had a history of neck dysfunction, but who were not in pain on the day of the experiment, did improve their elbow joint position sense [12]. Another study has shown that chiropractic care for 12 weeks improved ankle joint position sense in older adults [13].



Other motor control changes following spinal manipulation have also been demonstrated [9]. One study has shown that spinal manipulation altered cortical motor control of two upper limb muscles (abductor pollicis brevis and the extensor indicis proprius muscles) in a muscle-specific manner, using transcranial magnetic stimulation (TMS) of the brain [20]. This study used a paired-pulse TMS protocol to explore specific central corticomotor facilitatory and inhibitory neural pathways to the two target muscles. In another TMS study, exploring the input-output characteristics pre and post a single session of chiropractic care, the researchers found that spinal manipulation led to short-term changes in cortical excitability, as measured by a significantly larger maximal motor evoked potential for TMS induced input-output curves for both an upper (abductor pollicis brevis) and lower limb muscle (tibialis anterior muscle), and found larger amplitudes of movement-related cortical potential (MRCP) components [17]. As no changes were found in spinal measures (i.e., F- wave amplitudes or persistence) and no changes were shown following the control condition [17], while changes in the cortical MRCP components, this study suggests that spinal manipulation has a supraspinal neural plastic effect on motor control [17]. Another study also supports this notion, as it showed that spinal manipulation improves tibialis anterior muscle (TA) strength and that this change most likely comes from the supraspinal regions, as only a very small, but significant, change in the H-reflex was observed at low intensities, while large changes were shown in the cortical-based V-wave [15]. Two follow-up studies in elite athletes [10] and chronic stroke patients [11] again showed increased strength of the TA following spinal manipulation, with accompanying large V-wave changes. In both of these studies, no changes in the H-reflex were observed, suggesting spinal manipulation improves the way the supraspinal motor control areas can efficiently produce force.



Combined, these findings suggest that spinal manipulation has an impact on central cortical processing that improves the accuracy with which the brain is aware of limb position and alters the way the brain controls upper and lower limb muscles [9,10,11,12,15]. Several studies have reported increases in muscle strength following spinal manipulation [10,11,15]. Immediate changes in strength following spinal manipulation are likely due to neural adaptations [39,40,41,42]. These may be centrally or peripherally modulated [43]. However, more research is needed to understand the neuromuscular influence of spinal manipulation, because, besides the evidence already discussed, little is known about the neural adaptations that may be associated with increases in strength following a spinal manipulation. These potential neural adaptations can be evaluated by assessing aspects of motor unit behavior, such as changes in motor unit discharge rate, motor unit recruitment, and changes in the velocity of propagation of motor unit action potentials across the muscle fibers [39,44,45]. These neurophysiological aspects of motor unit behavior can be characterized using high-density surface electromyography (HDsEMG) or intramuscular electromyography (iEMG) [46,47].



In addition to gaining a better understanding of the neurophysiological characteristics of motor unit behavior following spinal manipulation, it is also important to better understand whether spinal manipulation has an impact on metabolic factors that may alter motor control. Especially, the balance between oxygen supply and its consumption during muscular activity is very important as it influences adenosine triphosphate (ATP), which is critical for the contractile activity of skeletal muscles [48]. To better understand whether spinal manipulation has an impact on metabolic factors that may influence motor control, near-infrared spectroscopy (NIRS) may be used to monitor regional tissue oxygenation, hemodynamics, and metabolism in skeletal muscles [49,50,51]. This may be very important when evaluating whether any changes in neuromuscular fatigue following spinal manipulation result from central and/or peripheral mechanisms [52,53]. Therefore, to further explore the motor control changes that are known to occur to the TA muscle after spinal manipulation, this study aimed to investigate the electrophysiological and metabolic properties of the TA muscle before and after a single session of spinal manipulation using NIRS and HDsEMG.




2. Methods


2.1. Design and Setting


This study was a randomized controlled crossover trial with a minimum seven-day washout period between study sessions. The study was a collaborative study conducted in two separate laboratories, Aalborg University, Aalborg, Denmark, and the New Zealand College of Chiropractic in Auckland, New Zealand. The data on electrophysiological measures were collected from Aalborg University, while the metabolic measures were collected at the New Zealand College of Chiropractic. This was done because of the availability of equipment. The same research investigator undertook all the measurements from the two laboratories to ensure there was no bias due to difference in measurement skills of research investigators. This study was conducted following the Declaration of Helsinki and was approved by the local ethical committee of the North Jutland Region (approval no: N-20140027) and the Northern A Health and Disability Ethics Committee, Auckland (approval no: 16NTA9). All participants gave written informed consent before participating in the study.




2.2. Participants


Volunteers were eligible to be included in this study if they were English speaking, aged 18–50 years, and had some history of recurring spinal dysfunction, such as mild pain, ache, and/or stiffness with or without a history of known trauma (subclinical pain). Volunteers were ineligible to participate if they exhibited no evidence of vertebral subluxations (biomechanical lesions of the spine that cause maladaptive neural plastic changes) [11], had absolute contraindications to spinal manipulation (including spinal fracture, atlantoaxial instability, spinal infection, spinal tumor, or cauda equina syndrome), had experienced a previous significant adverse reaction to spinal manipulation (defined as an untoward occurrence that is life-threatening, requires hospital admission, or results in significant or permanent disability) [54], they were suffering from a current lower limb disorder/dysfunction that would make them unable to carry out data recording sessions (e.g., sprain/strain/fracture), or if they had sought treatment for their subclinical pain symptoms. Participants were identified via advertising at the New Zealand College of Chiropractic and Aalborg University.



Twelve participants were recruited for the electromyography (EMG) assessment in Denmark (age range 25–33 years, mean 28.3 ± 2.6 years, 8 male, 4 female) and 13 participants were recruited for the near-infrared spectroscopy (NIRS) assessment in New Zealand (age range 23–37 years, mean 29.1 ± 4.6 years, 7 male, 6 female). Overall, 25 participants were recruited across the two settings (age range 23–37 years, mean 28.7 ± 3.66 years, 15 male, 10 female).




2.3. Sample Size


Sample size calculations were based on detecting a difference in a continuous response variable from independent control and experimental sessions. Calculations were made based on a previous study that investigated changes in the force of lower limb muscles pre and post a spinal manipulation session [15]. If the true difference between the experimental session and the control session had an effect size of 0.5, we needed 11 participants to be able to reject the null hypothesis that the population means of the experimental and control sessions were equal with probability (power) 0.8. The type I error probability associated with the test of this null hypothesis was 0.05. To allow for attrition during the trial and the relative uncertainty relating to power outcomes, we aimed to enroll 13 participants in each aspect of the trial (EMG and NIRS assessments), which meant a target of 26 participants for the overall trial.




2.4. Randomization and Blinding


The allocation of participants was carried out using an online randomization program. The randomization sequence was created using QMinim (Telethon Kids Institute, Perth, Australia) with a 1:1 allocation to receive the control or experimental intervention first. The allocation was performed after the baseline assessment had taken place. Participants and the chiropractors providing care during the study were not blinded to group allocation. All participants were informed that they would receive spinal manipulation or a series of passive movements depending upon whether they were assigned to the intervention or control group on the day of assessment. Outcomes assessors and data analysts remained blinded to group allocation throughout the study period.




2.5. Experimental Procedure


Following the eligibility assessment and informed consent procedures, participants underwent a baseline evaluation prior to group allocation. They then received the appropriate intervention before being reassessed immediately post-intervention. Participants were reassessed using the same procedure, but with the alternate intervention, following a minimum seven-day washout period.




2.6. Interventions


The study involved two interventions: a single session of spinal manipulation or passive movement control.



2.6.1. Spinal Manipulation


The entire spine and both sacroiliac joints were assessed for vertebral subluxations and manipulated using high-velocity, low-amplitude spinal manipulation when necessary. The clinical indicators that were used to assess for vertebral subluxations included assessing for tenderness to palpation of the relevant joints, manually palpating for a restricted intersegmental range of motion, assessing for palpable asymmetric intervertebral muscle tension, and any abnormal or blocked joint play and end-feel of the joints. These indicators are reliable for the identification of vertebral subluxations when used as a multidimensional battery of tests [55].




2.6.2. Control Intervention


The control intervention involved a series of passive movements that mimicked the movements that were performed in the chiropractic intervention, except no manipulative thrusts were applied. This control intervention was primarily intended to act as a physiological control for possible changes occurring due to the cutaneous, muscular, or vestibular input that occurred with the movements involved in the chiropractic intervention session.





2.7. Outcome Measures


Outcome measures were assessed immediately pre and post the two different interventions. The outcome measures that were assessed were maximum voluntary contractions (MVC’s) of the ankle dorsiflexors, conduction velocity across the TA (using HDsEMG), TA motor unit discharge rate (using intramuscular EMG), and TA oxygen consumption (using NIRS). It was not possible to conduct these NIRS and EMG assessments concurrently in the same people due to the devices used and the experimental set-up and protocols that were required. Therefore, MVC’s were assessed in all participants, but half of the participants underwent the EMG assessment (in the laboratory at Aalborg University in Denmark) and the other half underwent the NIRS assessment (in the laboratory at the New Zealand College of Chiropractic in New Zealand).



2.7.1. Intramuscular and High-Density EMG Experimental Procedure (Including MVC’s)


Participants were seated comfortably in a chair. An HDsEMG electrode array with an inter-electrode distance of 8 mm (ELSCH064R3S, OT Bioelectronica, Torino, Italy) was vertically strapped on to the TA muscle. Before attaching the electrode grid, the skin was cleaned with alcohol. The HDsEMG was sampled at 2048 Hz with a gain of 2000 (OT Bioelectronica, Torino, Italy). iEMG signals were recorded to measure motor unit discharge rates pre and post the interventions. A single pair of wire electrodes were inserted in the muscle to record iEMG signals. The location was between the most distal innervation zone, identified as previously described [56], and the distal tendon. Intramuscular wire electrodes were made of Teflon-coated stainless steel (50 µm diameter, A-M Systems, Sequim, WA, USA) and were inserted into each muscle with a sterilized 25-gauge hypodermic needle. The insulated wires were cut to expose 3 mm of wire from the tip [57]. The needle was inserted to a depth of approximately 10–15 mm below the muscle fascia and then removed to leave the wire electrodes inside the muscle. The iEMG was sampled with 10 kHz with a gain of 1000 (OT Bioelectronica, Torino, Italy).



After the injection of the wire electrode and attachment of HDsEMG electrodes, the right leg was fixed to a custom-made pedal for ankle joint torque measurements. Participants performed three ankle dorsiflexion MVC’s and the highest value was retained to compute 10% MVC and potential change in pre/post MVC. After the MVC was determined, the participants performed three repetitions of 7–8 s steady-state isometric dorsiflexion and ramp contractions (ramping up for 3 s and down for 3 s) at 10% of MVC (See Figure 1). Ten percent of MVC was chosen to specifically investigate the low threshold single motor units, because only the threshold of the H-reflex (i.e., reflecting low threshold motor units) was shown to change following a spinal manipulation intervention by Niazi et al. 2015 [15]. The order of isometric and ramp contraction was randomized. These measurements were performed before and immediately after the intervention (chiropractic vs. control) while keeping the same 10% force target as initially computed based on the baseline MVC.




2.7.2. Near-Infrared Spectroscopy Experimental Procedure (Including MVC’s)


Near-infrared spectroscopy measurements were obtained with a continuous wave system (Oxymon MK III; Artinis Medical Systems, PW Elst, The Netherlands) using two wavelengths (850 and 760 nm). A single channel composed of one transmitter optode and one receiver optode was placed over the mid-belly of the TA muscle to measure the relative changes in oxygenated hemoglobin (O2Hb).



The NIRS assessment was conducted with the participants seated comfortably in a chair. After placement of the NIRS optodes, the right leg was fixed to a custom-made pedal for ankle joint torque measurements. Subjects performed three ankle dorsiflexion MVC’s and the highest value was retained to compute 30% MVC and the potential change in pre/post MVC. Thirty percent was chosen to allow significant oxygen consumption in the muscle. After the MVC was determined, subjects performed three repetitions of 30 s steady-state isometric dorsiflexion contractions at 30% MVC. These measurements were performed before and immediately after the intervention (chiropractic vs. control) while keeping the same 30% force target as initially computed before the intervention.





2.8. Data Analysis


2.8.1. Conduction Velocity with High-Density EMG


HDsEMG was used to calculate the conduction velocity across the TA using algorithms of cross-correlation and a maximum likelihood multi-channel approach adapted from Farina et al. (2004) [58]. This method involved iteratively cross-correlating signals in a multi-channel matrix to find the electrodes whose signals had the least mean square error while calculating the similarity between them.




2.8.2. Intramuscular EMG


iEMG was digitally bandpass filtered between 100–3000 HZ using a 2nd order zero-phase shift Butterworth filter. The signals were fully decomposed using EMGLAB [59] into constituent motor unit action potentials (MUAPs). Following MUAP decomposition, the average MUAP discharge rate (ADR) was computed for the three seconds in the middle of the contraction. Subsequently, the mean force was calculated within the same interval.




2.8.3. NIRS Signals


NIRS signals (O2Hb) were pre-processed using a moving average filter of one second in duration and then corrected for blood volume as previously proposed [60]. For each signal modality, the first five samples were averaged and then subtracted from the signal to remove any offset and bring the starting point to zero. Thereafter, the minimum value (mO2Hb) was computed as an indication of maximum oxygen consumption during the contraction.





2.9. Statistical Analysis


The MVC data were pooled together from both the EMG and NIRS groups. A two-way repeated-measures analysis of variance (ANOVA) was used to assess for differences between the effects of a single session of spinal manipulation or the passive movement control, on force with time (pre and post) and intervention (spinal manipulation and passive movement control) as factors. Similarly, a two-way repeated-measures ANOVA was used with conditions (ramp and isometric) and interventions (spinal manipulation and passive movement control) to assess the percentage change in conduction velocity. For ADR and mO2Hb, one-way repeated measures ANOVA’s were used to assess for differences in percentage change (from pre- and post-intervention measures) between interventions (spinal manipulation and passive movement control). Post hoc pairwise comparisons were assessed using Tukey’s HSD tests, and an alpha level of 0.05 was used to determine statistical significance for all tests.





3. Results


3.1. MVC


There was a significant group * time interaction for MVC’s F (1.24) = 10.5; p < 0.01. Overall, there was an increase in MVC of 18.87 ± 28.35% (p = 0.02) following the spinal manipulation session and a non-significant decrease (p = 0.12) in MVC of −8.14 ± 17.53% following the control session. There was no significant difference in baseline values between interventions (p = 0.09).




3.2. Discharge Rate/Firing Frequency (Intramuscular EMG)


Participants were able to produce consistent force levels (10% MVC) before and after the intervention in both groups as depicted in Figure 2. For the ADR, no difference was found between the three repetitions of each block (pre- or post-intervention), suggesting consistency in the experimental conditions. Thus, the three repetitions were averaged for each feature before pre and post comparisons. There was a non-significant decrease in ADR in both the control group (−2.2 ± 4.7%, F = 0.985; p = 0.3) and experimental group (−12.5 ± 6.3%, F = 2.86; p = 0.1).




3.3. Conduction Velocity (HDsEMG)


Conduction velocity changes across TA differed between interventions (F (1.11) = 21.2; p < 0.001). Following the spinal manipulation intervention, conduction velocity in the isometric steady state increased significantly by 22.11 ± 11.69% (p < 0.001). Following the control intervention, it remained unchanged (+0.28 ± 4.17%). During isometric ramp contractions, the conduction velocity also significantly increased by 4.52 ± 4.58% (p < 0.001) in the intervention group but remained unchanged following the control intervention (+2.19 ± 2.94%). The values of conduction velocity varied from 4 to 2 m/s, which was expected, considering previous studies showed similar results [58,61]. Individual changes can be seen in Figure 3.




3.4. Metabolic Properties


No difference in mO2Hb was found between the three repetitions of each block (pre- or post-intervention), suggesting consistency in the experimental conditions. The three repetitions were averaged before pre and post comparisons. Following the chiropractic intervention, there was a −13 ± 9% reduction in the O2Hb concentration, whereas the control group change was 2 ± 10%. However, no difference was found between the two groups (F (1.12) = 1.47; p < 0.2).





4. Discussion


This study aimed to assess the effect of a single session of spinal manipulation on the electrophysiological and metabolic properties of the TA muscle. Results showed in both experiments that, after a single spinal manipulation session, the MVC force increased significantly, suggesting that motor control was altered. The results also revealed that after the chiropractic intervention, the average conduction velocity of the TA increased significantly both in the isometric steady-state and during the isometric ramp contractions compared to the control session. There were no other significant findings.



4.1. Chiropractic Adjustments Alter Muscle Strength


Multiple previous studies have documented strength increases following a spinal manipulation. One study demonstrated a 16% increase in plantar flexor muscle strength after a single session of spinal manipulation in healthy participants [15]. Another study in elite taekwondo athletes found that even in this group of athletes, there was an 8% increase in plantar flexor muscle strength following a single session of spinal manipulation [10]. Another study, in subjects with patellofemoral pain syndrome (PFPS), found that a single session of chiropractic care increased quadriceps strength [62]. This finding was similar to a previous study, which showed an increase in quadriceps strength following spinal manipulation in participants with anterior knee pain [63]. An increase in muscle strength following spinal manipulation has also been noted in other muscle groups, such as the upper limb, trunk, and jaw muscles [64,65,66,67]. Interestingly, a significant increase in bite force, which was retained up to one week after the spinal manipulation session, was noted in people with a history of mild recurring spinal dysfunction, indicating maintenance of the beneficial effects of spinal manipulation [64]. Although most of these studies have been conducted in relatively healthy populations, a recent study was conducted in a group that had lost their ability to cortically activate their muscles, i.e., chronic stroke patients with ongoing plantar flexor muscle weakness [11]. Despite that, these chronic stroke patients, with ongoing lower limb muscle weakness, showed a significant increase in plantarflexion muscle strength by on average 64.2% following a single session of spinal manipulation [11]. The greater percentage increase in strength in this stroke study compared to previous studies may be due to the stroke patients having weaker muscles to begin with, so they had more opportunity to increase in strength. The current study finding that both groups increased plantarflexion strength after the spinal manipulation session is congruent with these previous findings. The current study results also help to elucidate the mechanisms of how spinal manipulation can impact human motor control.




4.2. Electrophysiological and Metabolic Changes


The current study adds insight into mechanisms associated with strength increases that occur after spinal manipulation. There are three main ways human muscles can increase in strength; (a) an increase in discharge rate of pools of motor units, (b) recruitment of more motor units or (c) changes in the contractile apparatus itself [68,69,70]. As spinal manipulation is performed in less than a few minutes, it is unlikely this alters the contractile apparatus of muscles; thus, strength increases after a manipulation session are more likely due to a change in either recruitment of motor units or their discharge rate. The novel aspect of this study is that the results suggest the strength changes observed following spinal manipulation are, at least in part, due to the recruitment of new motor units, as we found an increase in the average TA conduction velocity after spinal manipulation. Previous studies have shown that the conduction velocities of action potentials along muscle fibers are associated with fiber diameter [71,72]. While every single participant increased their conduction velocity after the spinal manipulation intervention, it is interesting to note the individual differences. Some participants clearly increased their conduction velocity more than others. After the control intervention on the other hand, all the participants either decreased their conduction velocity slightly or remained unchanged. It would be interesting in future studies to explore these individual differences and what they may mean clinically for each person.



No change in the discharge rate was found in the current study. This further supports the above hypothesis about the recruitment of new units. Despite the increase in the selectivity of the used electrode (3 mm exposed), the sensing area was still limited. Nonetheless, it is also possible that spinal manipulation did not cause changes to the motor unit discharge rate. One previous study, measuring single motor unit discharge rates in TA (at very low contraction levels), also reported no change in single motor unit discharge rates following spinal manipulation [18]. This same study did, however, show that the spinal manipulation intervention reduced the threshold (increased the excitability) of low-threshold motor units [18] thus supporting the current finding of changes in the recruitment of motor units without a change in the discharge rate of these motor units.



There was no change in the metabolic activity of the TA after spinal manipulation in the current study. Thus, as the same force level was applied, the needed oxygen supply remained the same and was not altered by spinal manipulation. It is possible that spinal manipulation affects primarily larger fibers and therefore, this effect cannot be revealed at low submaximal levels (<40% MVC) as used in this study. One previous study, using TMS-induced stimulus-response curves, found that for an upper limb muscle, there was only a significant difference in outputs at the higher contraction levels [17]. However, in the same study, for the lower limb TA muscle, they found a shift of the entire input-output curve after the spinal manipulation session [17].



This change in motor unit recruitment following spinal manipulation is likely due to changes originating at a supra-spinal level. Several transcranial magnetic stimulation (TMS) studies have shown that spinal adjustments alter the stimulus-response curve characteristics of both an upper and lower limb muscle [17] and impact various intracortical facilitatory and inhibitory networks [20], without changes in F wave parameters [17,20]. The F wave reflects the antidromic activation of a portion of the lower motor neurons at the spinal cord level [73], so reflects spinal cord excitability. Several studies have also shown that there is either no change or minimal change in the H-reflex following spinal manipulation, despite the significant increases in strength that have been observed [10,11,15]. The H-reflex reflects the excitability of the synapse between large, fast-conducting Ia fibers and lower motor neurons [73] and is largely modulated by presynaptic inhibition and lower motoneuron excitability [74] and therefore also reflects spinal level excitability. However, multiple studies have reported a relatively large significant increase in the volitional (V) waves/voluntary activation that accompany the strength increases after spinal manipulation [10,11,15]. The V-wave is a measure of supraspinal input, or cortical drive, to the motor neuron pool [75,76]. This increase in V-wave amplitude, combined with no significant changes in H-reflex parameters, indicates that the increased strength following spinal manipulation is most likely modulated, to a large degree, at a supraspinal level.



The change in muscle strength found in the current study may be associated with alterations in somatosensory processing at the cortical level. The prefrontal cortex is one possible candidate for the origin of these changes in supraspinal motor control observed following spinal manipulation, as another study has shown, using dipole source localization, that the neural generator of the N30 somatosensory evoked potential (SEP) peak amplitude, that has consistently reduced in amplitude in several studies following spinal manipulation [22,25] was occurring within the prefrontal cortex [23]. Thus, spinal manipulation appears to alter somatosensory processing at the cortical level, particularly within the prefrontal cortex [23]. This, in turn, may impact motor unit recruitment and thus increase muscle strength. The prefrontal cortex has been shown to be involved in the improved brain function found following exercise in older subjects [77]. Even in middle-aged people, moderate-to-high levels of physical exercise benefit the planning and execution of motor response and the executive functions mediated by the PFC [77]. To measure the planning and execution of the motor response, these authors recorded MRCPs, and the changes in these MRCPs, post-exercise, were source localized to be occurring in the prefrontal cortex [77]. Interestingly, MRCP amplitudes have also been shown to increase following spinal manipulation [17]. It is, therefore, possible that this increase in MRCP amplitude, which has been shown to occur following spinal manipulation [17], also reflects changes in movement planning and execution that are occurring at the level of the prefrontal cortex that is influencing motor unit recruitment and strength. This, in turn, would increase the conduction velocity of action potentials along the fibers of the muscle, as was seen in the TA muscle after spinal manipulation in the current study.




4.3. Limitations of the Study


This study performed experiments in two separate laboratories with separate groups of subjects, and thus the link between electrophysiological changes and metabolic changes cannot be established with certainty, even though the maximum force increased in both groups after spinal manipulation. Further studies should make concurrent measurements, especially with currently available miniaturized EMG grids and wireless NIRS, which also provide the possibility to record not only relative changes in O2Hb but also tissue saturation index, which is an absolute measure of oxygenated hemoglobin. Another limitation of this study was that the sample size (n = 25) may not have been large enough to detect changes in the discharge rate and metabolic activity of TA muscle. This may have resulted in type II errors. However, the estimates from this study can be utilized to calculate the sample size for future trials evaluating the effect of spinal manipulation on metabolic characteristics. Lastly, as it is difficult to achieve adequate blinding when assessing manual interventions [78], the lack of blinding of participants and chiropractors may have added a bias.





5. Conclusions


In this group of relatively healthy participants, a single session of spinal manipulation resulted in increased plantar flexor muscle strength and muscle conduction velocity. Understanding how chiropractic care can have an impact on muscle strength does have implications for both healthy individuals and a variety of patient populations. This basic science study provides a better understanding of the mechanism behind the effects of chiropractic adjustments. However, the exact clinical implications this has for these various populations are yet to be identified through clinical trials. No change in the discharge rate and oxygen consumption was observed. The increase in conduction velocity could be explained by the recruitment of new units, though the mechanisms for the increase in maximum strength are still open for further research. Further research is also required to investigate the longer term and potential functional effects of spinal manipulation in a variety of patients who may benefit from improved muscle function and greater motor unit recruitment.
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Figure 1. The protocol followed by each participant. MVC = maximum voluntary contractions. 
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Figure 2. Force production during 10% maximum voluntary contractions (MVCs) pre- and post-intervention for the control group (black) and intervention group (grey). 1, 2, and 3 represent repetitions of contraction consecutively. 






Figure 2. Force production during 10% maximum voluntary contractions (MVCs) pre- and post-intervention for the control group (black) and intervention group (grey). 1, 2, and 3 represent repetitions of contraction consecutively.



[image: Healthcare 08 00548 g002]







[image: Healthcare 08 00548 g003 550] 





Figure 3. Percentage change post- versus pre-intervention in conduction velocity at 10% MVC for (A) isometric steady-state, (B) isometric ramp contractions. The error bar is given as the standard error of the mean. 
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