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Abstract

Purpose

The primary purpose of this study was to investigate whether a single session of spinal manipulation (SM)
increases strength and cortical drive in the lower limb (soleus muscle) of elite Taekwondo athletes.

Methods

Soleus-evoked V-waves, H-reflex and maximum voluntary contraction (MVC) of the plantar flexors were
recorded from 11 elite Taekwondo athletes using a randomized controlled crossover design. Interventions
were either SM or passive movement control. Outcomes were assessed at pre-intervention and at three
post-intervention time periods (immediate post, post 30 min and post 60 min). A multifactorial repeated
measures ANOVA was conducted to assess within and between group differences. Time and session were
used as factors. A post hoc analysis was carried out, when an interactive effect was present. Significance
was set at p ≤ 0.05.

Results

SM increased MVC force [F(3,30) = 5.95, p < 0.01], and V-waves [F(3,30) = 4.25, p = 0.01] over time
compared to the control intervention. Between group differences were significant for all time periods (p < 
0.05) except for the post60 force measurements (p = 0.07).

Conclusion

A single session of SM increased muscle strength and corticospinal excitability to ankle plantar flexor
muscles in elite Taekwondo athletes. The increased MVC force lasted for 30 min and the corticospinal
excitability increase persisted for at least 60 min.

Keywords: Spinal manipulation, Athletic performance, Taekwondo, V-wave, H-reflex, Maximum
voluntary contraction force, MVC, Fatigue

Introduction

Athletic performance is influenced by a complex variety of physiological factors, such as neuromuscular
coordination, muscle strength and endurance (Brutsaert and Parra 2006). Neuromuscular fatigue, reduced
muscle strength and reduced power are all detrimental to athletic performance (Armstrong and McManus
2010; McManus and Armstrong 2011; Harries et al. 2012; Kockum and Heijne 2015) and the occurrence of
these factors increases the risk of sports-related injuries (Marshall et al. 2014). These physiological factors
are mediated by neuromuscular mechanisms and can be investigated by measuring maximum voluntary
contraction (MVC) and spinal reflex responses such as the H-reflex, the M-wave and the V-wave (Milner-
Brown and Lee 1975; Sale et al. 1983a; Aagaard et al. 2002; Tucker et al. 2005; Del Balso and Cafarelli
2007; Holtermann et al. 2007; Gondin et al. 2006; Vila-Cha et al. 2012; Marshall et al. 2014; Niazi et al.
2015). Improvement of neural adaptations, such as the H-reflex and the V-wave, contributes to enhanced
motor performance (Pérot et al. 1991; Nordlund Ekblom 2010). By optimizing these physiological factors
athletic performance may improve.

Previous studies have shown an increased excitability of the H-reflex associated with increased
motoneuron (MN) excitability and enhanced resistance to fatigue, following strength training (Aagaard et
al. 2002) and endurance training (Vila-Cha et al. 2012). A variety of studies have shown an increased
amplitude of the V-wave associated with increased descending neural drive accompanied by increased
MVC force and MN excitability following strength training (Milner-Brown and Lee 1975; Sale et al.
1983a, b; Aagaard et al. 2002; Nordlund Ekblom 2010; Vila-Cha et al. 2012). Similar neural adaptations
have been found following spinal manipulation (SM) by Niazi et al. (2015), suggesting SM may have a
similar neural plastic effect to what occurs with strength training as reported by Vila-Cha et al. (2012). It is,
however, unknown whether such neural adaptations following SM also occur in a sports population.

SM is considered a safe and effective manual therapy for improving musculoskeletal conditions (Bronfort
et al. 2010, 2012), such as acute and chronic low back pain, acute and chronic neck pain, shoulder pain and
dysfunction, hip osteoarthritis, knee osteoarthritis, patellofemoral pain syndrome, plantar fasciitis, migrain
headache and cervicogenic headache (Bronfort et al. 2010). Furthermore, SM may be cost-effective
relative to other interventions used for these conditions (Tsertsvadze et al. 2014). In addition, there is
evidence that SM alters a range of neurophysiological functions such as muscle reflexes and spinal
pathways (Herzog et al. 1999; Niazi et al. 2015), neuromuscular fatigue (Niazi et al. 2015), cognitive
processing (Kelly et al. 2000), reaction time (Lersa et al. 2005), cortical drive to the muscle (Niazi et al.
2015) and cortical somatosensory processing and sensorimotor integration (Haavik Taylor and Murphy
2007). SM has been reported to result in short-term increases in muscle strength (Hillermann et al. 2006;
Botelho and Andrade 2012; Niazi et al. 2015). All of these neurophysiological functions are known to be
crucial to athletic performance (Brutsaert and Parra 2006; Armstrong and McManus 2010; McManus and
Armstrong 2011; Harries et al. 2012; Marshall et al. 2014; Kockum and Heijne 2015).

Previous studies have shown that although the H-reflex and V-waves are affected by common neural
mechanisms, recording them both can differentiate between altered presynaptic inhibition and MN
excitability (measured with the H-reflex) (Brooke et al. 1995; Pierrot-Deseilligny and Mazevet 2000;
Hultborn 2006; Nordlund Ekblom 2010) and changes in supraspinal input to the MN pool (measured with
the V-wave) (Sale et al. 1983a; Aagaard et al. 2002; Gondin 2006; Vila-Cha et al. 2012). The V-wave
response is considered as an index of the cortical neural drive addressed to spinal alpha-motorneurons by
some (Grosprêtre and Martin 2014). However, this is not yet universally accepted. Regardless, combining
these measures may provide a better understanding of the changes that occur in the cortico spinal tract of
an athletic (Taekwondo) population with SM. No previous study has investigated the effects of SM on
these neurophysiological factors within an athletic population. Therefore, the purpose of this study was to
evaluate the effects of a single session of SM on MVC force and neural reflex excitability (H-reflex, M-
wave and V-wave) in athletes. We hypothesize that a single session of spinal manipulation (SM) will
increase the maximal voluntary contraction (MVC) and that changes in corticospinal excitability to motor
neurons (V-wave) will be greater than any change in H-reflex responses. We further hypothesize that the
single-session SM will not affect the size of the M-wave responses.

Methods

Subjects

Twelve elite-level Taekwondo athletes with subclinical spinal pain (i.e. intermittent low-grade spinal pain,
ache or tension) from the Auckland area of New Zealand participated in this study. One subject dropped
out of the trial due to lack of interest, so data collection was completed on 11 subjects. All subjects gave
their written informed consent. The study was approved by the Southern Health and Disability Ethics
Committee, Auckland (15/STH/218/AM01), and this study was conducted according to the Declaration of
Helsinki. The study was registered with the Australian New Zealand Clinical Trials Registry (ANZCTRN
12616000089437).

All subjects were required to be aged 17–50, be English speaking, have represented their country at the
Taekwondo World Cup or World Championship during the previous 12 months and be actively engaged in
resistance training at least twice per week on average over the previous 6 weeks. This is to be considered as
an elite Taekwondo athlete in this study. Subjects were excluded if they had any absolute contraindications
to SM (i.e. malignant cancer, metabolic disorders, inflammatory or infectious arthropathies), previously
suffered from significant adverse reactions to SM (i.e. alleged disc herniation, treatment-induced fracture,
organ injuries or vascular issues), had a recent history of trauma or were currently undergoing treatment
elsewhere at the time of their inclusion in the study.

Design

This study was a within-subject randomized controlled crossover trial with 1 week between sessions. The
design used was a repeated measures design in which each subject received one intervention session, i.e.
SM, and one control session, i.e. passive movements of head and spine. The subjects were randomly
assigned to receive either SM or control intervention first and would then receive the alternate intervention
1 week later (see Fig. 1). The chiropractor providing the SM recorded a log of all SMs performed. The data
collection was carried out at the Centre for Chiropractic Research at the New Zealand College of
Chiropractic in Auckland, New Zealand.
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Fig. 1

Flowchart illustrating the flow of subjects through the study

Sample size

Sample size calculations were based on detecting a difference in MVC’s between the control and
intervention session and predicted effect sizes were based on changes observed in a previous study that
investigated similar neurophysiological changes before and after SM (Niazi et al. 2015). If the true
difference in MVC between the SM intervention and the control session had an effect size of 0.5, 11
subjects were needed to be able to reject the null hypothesis that the population means of the experimental
and control groups are equal with probability (power) 0.9. To allow for drop out during the trial and
relative uncertainty relating to power outcomes, we aimed to enroll 15 subjects in the trial.

Randomization and blinding

Subjects were randomized using a computer-generated random number table, to first receive either SM
intervention or control intervention. Chiropractors and subjects were not blinded to group allocation, as this
would be difficult due to the SM intervention (Hancock et al. 2006; Rosner 2012). However, outcome-
assessors and bioengineering data-analysts remained blinded to group allocation throughout the study
period. Data file names were coded and sent to an independent data analyst to make sure this analyst was
unaware of allocation.

Interventions

A licensed chiropractor assessed the function of the entire spine and both sacroiliac
joints for segmental dysfunction (also known as vertebral subluxations by some chiropractors) and
performed SM where he found it was indicated. The clinical indicators for segmental dysfunction include
joint tenderness, restricted intersegmental range of motion, asymmetric intervertebral muscle tension, and
abnormal or blocked joint play and end-feel of a joint. These biomechanical characteristics are used by
chiropractors and other practitioners of manual therapy as clinical indicators of spinal dysfunction
(Kockum and Heijne 2015). Subjectively observed restricted intersegmental range of motion and
tenderness to touch are the most reliable clinical indicators of segmental dysfunction (Kockum and Heijne
2015), so these had to be present for SM to be performed. The SM performed in this study was high-
velocity, low-amplitude (HVLA) joint manipulation, which is a standard SM technique used by
chiropractors. The HVLA technique has previously been used in studies investigating the
neurophysiological effects of SM (Haavik and Murphy 2012; Niazi et al. 2015).

During the control session, the head and spine of the subject were moved passively and
actively, similar to the SM intervention but without the HVLA impulse. Loading a joint, as done prior to
SM, is known to alter the paraspinal proprioceptive firing in anesthetized cats (Pickar and Wheeler 2001).
Therefore to avoid this, the movement was ended prior to end range of motion when moving the subjects
passively. The control session was intended to act as a physiological control for any possible changes
occurring due to the time it took for the SM intervention, as well as any potential changes due to passive
and active movement of the musculoskeletal system, which are also involved in preparing the subject for
SM. Finally, the control session was also to act as a control for the contractions and stimulations necessary
to obtain the study measures since, for example, it is well known that repeated maximum voluntary
contractions lead to fatigue (Niazi et al. 2015).

Setup

The surface electromyography (sEMG) recording electrodes (20 mm Blue Sensor Ag–
AgCl, AMBU A/S, Denmark) were placed on the innervation zones on the lateral aspect of the belly of the
right soleus muscle (SOL) (i.e. about 5 cm below the gastrocnemius–Achilles tendon junction). To obtain
low impedance (i.e. < 5 kΩ), relevant areas on the lower leg were shaved and dead skin cells removed
using sandpaper and skin prepping gel. Alcohol swabs were used for cleaning the skin prior to attaching
the bipolar sEMG recording electrodes (i.e. Ag/AgCl ECG conductive adhesive electrodes).

The H-reflex can be altered by posture (Schieppati 1987), so all subjects were comfortably positioned lying
face down on a massage table and the right foot was placed in an immobile footplate. Dorsiflexion of the
ankle is known to have an inhibitory effect on the MN pool of the SOL (Burke et al. 1984), so the foot was
positioned in a neutral position. The subject’s arms were placed in a relaxed position alongside their torso
and the subjects were told to focus on the task and not use their upper body or in any way alter their
posture during the assessment.

Using an electromyograph, it is possible to measure the electrical potentials generated by
muscle cells stimulated by MNs, which are either cortically or electrically initiated. Like in previous
studies (Brinkworth et al. 2007; Niazi et al. 2015), the bipolar sEMG recordings in this study were band-
pass filtered (20–500 Hz) and amplified in a custom-made EMG amplifier with a builtin stimulus artefact
suppressor and were recorded with a custom-designed computer program using CED (Power1401 mk 2)
Data Acquisition Board at a sampling rate of 2 kHz. A grounding electrode was placed on the subjects’
tibial bone. Neurostimulating electrodes (Pals Platinum) evoked the H-, M- and V-wave of the SOL.

Data recording of variables

Assessment of the outcome variables was made pre, immediately post, post30 and post60 SM intervention
and control session. The following outcome variables were evaluated in the SOL, by electrically
stimulating the tibial nerve.

MVC force of the subjects (i.e. maximum isometric plantar flexion
force), was measured using an isometric strain gauge (Model MLP100 transducer Techniques Tennecula,
California, USA) mounted on a custom-built immobile footplate. The subjects initially performed three
MVCs of the plantar flexor muscles of 5 s duration each, separated by “2-min rest” intervals, to optimize
each MVC-recording. To maximize motivation during the procedure, subjects were verbally encouraged by
the investigators to produce maximum force (Gandevia 2001). The strongest contraction, measured in
absolute force, from each session, was used to compute the submaximal target contraction levels (i.e. 10%
of MVC) for H- and M-recruitment curve recordings.

Following the three MVCs, the stimulation intensity needed to
obtain M  was determined by progressively increasing the stimulus intensity in 5 mA increments. This
was done while assessing the size of the M-wave with visual feedback on the computer, to determine when
the M-wave reached its maximum. Three stimulations were recorded at each current intensity, and the new
peak-to-peak amplitude of the M-wave was compared with the preceding peak-to-peak amplitude. Once
the peak-to-peak M-wave recordings reached a plateau, the M-wave was used for the respective
normalization of either the H-reflex or the V-wave.

Following the M-wave calibration, the subjects performed a low-level tonic
contraction of the Triceps Surae (i.e. 10% of MVC) while the M-wave and H-reflex of the SOL were
elicited. The small contraction was necessary to maintain a steady level of MN excitability and minimize
postsynaptic effects during the recordings of these dependent measures (Knikou 2008). To ensure the
subjects were able to contract 10% of their MVC, they were provided with online feedback of their muscle
contraction level, which was displayed by a moving bar on a clearly visible computer monitor.

Eighty stimuli in total were given within each assessment of the H-reflex and M-wave (i.e. pre, post,
post30 and post60). The stimuli were triggered by a computer and delivered by a Digitimer constant
current stimulator (model DS7A) with a square pulse of 1 ms duration in intervals of 0.5 s. The stimuli
were separated in 16 stimuli intensities with five stimuli given within each intensity in random order
(Brinkworth et al. 2007). The signals were equally separated on a logarithmic scale, showing the normal
distribution of the H-reflex recruitment curve, and the M-wave as a sigmoid function.

The change in absolute MVC force was obtained during V-wave measurements. Within
each assessment, the subject performed five MVCs of 10 s duration separated by “2-min rest”-intervals.
The rest-intervals were intended to optimize each MVC-recording which was used in the analysis of MVC
force and fatigue. During these contractions, five supramaximal stimuli (110% of the current needed to
evoke M ; 1 ms square pulse) were applied to the tibial nerve. The five supramaximal stimuli elicited
the V-wave.

Data analysis

The size of the M-wave and H-reflex was calculated from the peak-to-peak amplitude of the
averaged values of each stimulus intensity, which were curve-fitted (Brinkworth et al. 2007), so that the
size and location of the H-reflex in relation to the M-wave could be normalized (i.e. stimulus
normalization). The curve fitting was required to correctly determine the size of the H-reflex and the V-
wave at various intensities along the recruitment curve. However, the size of the H-reflex and V-wave
reflects factors that cannot be predicted and fixed; precision of stimulus delivery, excitability of the entire
H-reflex arch (i.e. MN excitability, responsiveness of the Ia synapse), placement of the electrodes, skin
resistance and accuracy of the recording. Because of this, the size of the H-reflex and V-wave response will
differ not only between subjects, but from trial to trial in the same subject. When the results of the M-wave,
H-reflex and V-wave were measured and calculated, the respective data were shaped using a hyperbolic
function for the M-wave and a Gaussian for the H-reflex and V-wave (Brinkworth et al. 2007).

When the curves had been recorded and modelled, they were normalized to observe any
alterations over time and between sessions. M  recorded in the pre-assessment served as a normalization
factor for the H-reflex, M- and V-wave in that particular session. Thus, the H-reflex and V-wave were
normalized to the corresponding M  so the H/M  and V/M  ratios were calculated for each subject.
The M-wave is affected by contraction intensity (Pensini and Martin 2004), thus the M  used for the
respective normalizations was elicited accordingly with either the H-reflex or the V-wave. The stimulus
normalization was required to reduce inter-subject variability and obtain true changes in the excitability of
the H-reflex and V-wave pathway. Because the M-wave was normalized to the stimuli and thus fixed, any
significant shift in the H-reflex and V-wave recruitment curves would indicate a true change in the
excitability of the pathway independent to alterations in the connection between electrode and nerve
(Brinkworth et al. 2007).

Following curve fitting and normalization, the H-reflexes were superimposed and
subsequently averaged for each subject’s results from each assessment in each session. Then, all pre- and
post-measures from each session were averaged to analyse any given alterations between sessions and over
time. In a similar procedure, the peak-to-peak amplitude of the V-wave was also curve-fitted, normalized,
superimposed, subsequently averaged and analysed to compare the results between sessions and over time.

All Pre- to post-intervention changes were evaluated using two-way ANOVA’s with time
(Pre, Post, Post30, Post60) and intervention (Spinal Manipulation and Control) as factors. Post hoc
pairwise comparisons were carried out using Tukey’s HSD tests to identify the specific differences.
Significance level was set at p ≤ 0.05 for all observations.

Results

We aimed to enroll 15 subjects in this crossover study, but only 12 subjects (six female; age, 25 ± 20 years;
height, 170 ± 10 cm; weight, 60 ± 10 kg) were able to be recruited in the time available and 1 subject was
excluded, because he did not finish both sessions due to lack of interest.

H-reflex

The average relative changes from pre to post, post30 and post60 and their corresponding standard
deviation from both sessions are presented in Table 1 and illustrated in Fig. 2. No significant difference [F
(3,30) = 0.331 p < 0.80] was found in H-reflex threshold in the model data between the control and SM
interventions. Figure 3 represents the fitted M-waves so that pre and post-M-waves curves could be
superimposed on top of each other to allow any genuine changes in the H-reflex curve to be highlighted.

Table 1

Relative changes (∆) in the H-reflex threshold, V-wave amplitude and maximum contraction force
in the control session and SM intervention and thier corresponding standard deviations (std)
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Fig. 2

Relative changes in the H-reflex threshold of the model data in the SM intervention and control intervention. The
dark columns show the H-reflex threshold in the control session and the bright columns shows the H-reflex
threshold following SM. Error bar (std), p < 0.05

Open in a separate window
Fig. 3

Recruitment curves of the H-reflex (-) and M-wave (●) illustrating changes in the amplitude of the H-reflex
(H/Mmax ratio) in the control intervention (top) and SM intervention (bottom) of an average athlete, using the
amplitude of the normalized responses against the stimulation levels. The colour of the time variables are
presented in the top left corner. (Colour figure online)

V-wave

There was a significant difference in V-wave amplitude between the SM intervention and control
intervention over time [F(3,30) = 4.25, p < 0.01]. Between intervention differences were also significant at
each time period (p < 0.01–0.03). Following the SM intervention, the V-wave amplitudes increased
significantly at all time points compared to baseline (p < 0.02–0.03).

Following the control intervention, V-wave amplitudes decreased at all time points compared to baseline.
The immediate post-V-wave measurement decrease was not significantly following the control intervention
(p < 0.2), but the post30 (p < 0.04) and post60 (p < 0.02) decreases were significant. Baseline differences
between interventions were not significant (p < 0.1). The V-wave results are presented in Table 1 and
illustrated in Figs. 4 and 5.
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Fig. 4

Relative changes in the V-wave amplitude (V/M  ratio) of the SM intervention and control intervention. The
first three columns show a decline in the V-wave in the control session and the last three columns show an
improvement in the V-wave following SM. Error bar (std), p < 0.05
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Fig. 5

Change in the V-wave for a typical subject (N = 1). The graph illustrates average sEMG traces and the size of the
V-wave before and after SM intervention and control intervention

Force

There was a significant difference in MVC force between the SM intervention and control intervention
over time [F(3,30) = 5.95, p < 0.01]. Between group differences were also significant at the immediate-post
(p < 0.01) and post30 (p < 0.01) recordings, but they were no longer significant (p < 0.07) at the post60
recording. The MVC force increased significantly (p < 0.01) immediately post SM, but the increase in
force were no longer significant at post30 (p < 0.3) and post60 (p < 0.6) recordings following the SM
intervention. Following the control intervention MVC force decreased at all time points compared to
baseline. The immediate post control MVC force decrease was not significant (p < 0.3), but the post30 (p < 
0.01) and post60 (p < 0.02) decreases were significant following the control intervention. Baseline
differences between groups were not significant (p < 0.2). The MVC force results are presented in Table 1
and illustrated in Fig. 6.
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Fig. 6

Relative changes of force measures in the control intervention and SM intervention. The first three columns show
a decline in force following control session and the last three columns show an improvement in force following
SM. Error bar (std), p < 0.05

Discussion

The main finding in this study was that maximum plantar flexion force and corticospinal excitability to the
plantar flexors (i.e. V-wave) increased following SM but not in the control group. MVC force decreased
over time in the control intervention but increased following the SM intervention, possibly as a result of
increased cortical drive to the muscle. This is to our knowledge the first study demonstrating such
neurophysiological alterations following SM to be investigated within an elite athletic population.

No H-reflex parameters changed significantly in this study. This supports previous research suggesting that
changes in strength may be caused by supraspinal changes and not changes in the H-reflex (Alkjaer et al.
2013; Un et al. 2013). Niazi et al. found an increased excitability of low-threshold MNs in the H-reflex
following SM within a population of healthy young males (Niazi et al. 2015), whereas Suter et al. found a
decreased MN excitability in the H-reflex following SM within a low back pain population (Suter et al.
2005). Thus indicating, that the effects of SM on the H-reflex pathway may depend on the population.

The increased V-wave amplitudes observed in the current study possibly reflect an increased cortical drive
in the cortico-spinal pathways and corresponding increased excitability of the MNs following SM
(Aagaard et al. 2002; Pensini and Martin 2004; Vila-Cha et al. 2012; Niazi et al. 2015). Un et al. found
differences in the cortical drive in volleyball athletes competing at different levels, and argued that elite
players had increased cortical drive correlating to their biomechanical performance (Un et al. 2013). The
absence of change in the H-reflex in the presence of the increased MVC along with increased V-waves
suggests that its possible that the change post manipulation occurred at supraspinal centres involving
cortical neural drive. Grosprete and Martin (2014) argue the V-waves represent cortical drive. The absence
of change in the H-reflex alone suggests that the spinal motor neurons and the excitability of the spindle
primary afferent synapses on the spinal motor neurons did not change as a result of SM. However, as the V-
wave is not universally accepted as a measure of cortical drive this should still be interpreted with caution.
It is clear that spinal manipulation alters corticospinal excitability, however, further research is still needed
to dissociate between supraspinal and cortical influences.

Increases in V-wave amplitudes have also been shown following resistance training (Milner-Brown and
Lee 1975; Sale et al. 1983a, b; Aagaard et al. 2002; Gondin 2006; Del Balso and Cafarelli 2007;
Holtermann et al. 2007; Vila-Cha et al. 2012; Alkjaer et al. 2013). Alkjaer et al. found that 4 weeks of
intensive drop jump training increased the athletes’ maximum jumping height with increased V-wave
amplitude and without any significant increases in muscle strength or rate of force development, and
argued therefore that the improved jumping performance was caused by central neural factors (Alkjaer et
al. 2013). Sale et al. (1983a, b) and Milner-Brown and Lee (1975) found that weight-lifters had an elevated
V-wave amplitude (Milner-Brown and Lee 1975; Sale et al. 1983b). Vila-Cha et al. (2012) and Aagaard et
al. (2002) reported that strength training improved the V-wave peak-to-peak amplitude (measured as
V/M  ratio) (Aagaard et al. 2002; Vila-Cha et al. 2012). The findings of these studies suggest that neural
adaptations related to cortical drive may occur in the initial phases of resistance training and then level off
after 3 weeks. In the present study, increased V-wave amplitudes had occured following SM in 11 elite
Taekwondo athletes who were actively engaged in resistance training at least twice per week on average
over the previous 6 weeks. Thus, the increased V-wave following SM indicates a potential further
improvement in athletic performance in highly trained athletes over and beyond resistance training.

In the current study, the increased V-wave amplitude was associated with improvements in maximum
plantar flexion force following SM. A small number of studies have investigated changes in muscle
strength following SM, in both athletes and non-athletes, with conflicting results (Suter et al. 1999;
Hillermann et al. 2006; Botelho and Andrade 2012; Humphries et al. 2013; Niazi et al. 2015). Niazi et al.
(2015) reported increases in muscle strength in subjects with subclinical pain following SM (Niazi et al.
2015), and Chilibeck et al. (2011) reported that in subjects with imbalances in lower limb muscle strength,
SM resulted in increased muscle strength of hip abductors in their weak leg (Chilibeck et al. 2011). In
athletes, Botelho (2012) reported increases in grip strength in national level judo athletes following SM
(Botelho and Andrade 2012), but Humphries et al. (2013) found no changes in handgrip strength in
asymptomatic basketball players following SM (Humphries et al. 2013).

In the current study, assumptions can be made about the effects of SM on neuromuscular fatigue based on
changes in MVC force in the two interventions. After the control intervention MVC force decreased,
suggesting that subjects were fatiguing, but no fatigue was observed following the SM intervention.
Neuromuscular fatigue is known to decrease muscle strength and power, and is further a primary
contributory factor for musculoskeletal injuries in exercise performance (Marshall et al. 2014), making it
detrimental to athletic performance.

This study supports a growing body of research that suggests chiropractic spinal manipulation’s main effect
is neuroplastic in nature and affects corticospinal excitability (Haavik-Taylor and Murphy 2007; Haavik
and Murphy 2012; Lelic et al. 2016; Haavik et al. 2017). Changes in both cerebellum (Daligadu et al.
2013) and prefrontal cortex (Lelic et al. 2016) function have been implicated post-spinal manipulation in
previous research studies. The presence of mild, recurrent spinal dysfunction has been shown to be
associated with maladaptive neural plastic changes, such as alterations in elbow joint position sense
(Haavik and Murphy 2011), mental rotation ability (Baarbé et al. 2016), and even multisensory integration
(Farid et al. 2017). Furthermore, spinal manipulation of dysfunctional spinal segments have been shown to
impact somatosensory processing, sensorimotor integration and motor control (Haavik-Taylor and Murphy
2007; Taylor and Murphy 2008, 2010a, b; Haavik and Murphy 2011, 2012; Haavik et al. 2017). Thus, it is
likely that mild spinal dysfunction alters CNS function that impacts motor control, and that this may
further be impacted during motor training. Recently, Andrew et al. (Andrew et al. 2017) showed that
participants with mild, recurrent neck pain displayed different CNS effects following an upper limb
learning task compared to those with no history of any neck dysfunction, despite all subjects being pain
free on the day of testing. The current study findings suggest chiropractic care may be of benefit even for
subjects without pain to improve muscle performance. However, further research is still needed to
elucidate how such neurophysiological changes may impact sports performance, strength training and/or
other behavioural measures.

Strengths and limitations

One limitation of the current study is the small sample size that was included. The targeted sample size of
15 was based on changes observed in a previous study conducted in subclincial pain subjects (Niazi et al.
2015). However, the effect size in the current study was smaller than this previous study. This should be
expected as a population of elite athletes may have less room for improvement in strength and fatigue
compared to subjects who are not highly trained. Compounding this issue only 11 subjects successfully
completed the study. This may mean that some or the within and between group differences that were not
significant may have been due to the study being underpowered. For example, between group post60
strength changes were not significant (p < 0.07). This may mean that changes in strength persist for less
than 60 min after SM, or it may mean that a type II error occurred, so this conclusion may be incorrect. The
same may be true for the H-reflex measures. This study can, therefore, not exclude the possibility that
small H-reflex changes may occur following SM.

To test the hypothesis whether a single session of SM will change MVC and V wave, crossover design was
used. One strength of this randomized controlled crossover trial is that the individual athlete acts as their
own control. To reduce carry-over effects, the order of receiving SM was randomized, thereby equalizing
any potential benefits from the previous assessment. No significant changes were observed in the baseline
data analysis, suggesting no carry-over effect occured in this study.

MVC force is an objective measure, but the results can be misrepresentative as it depends on subject
participation (Gandevia 2001). To avoid this bias, the subjects could have had a practice session a few days
before the first real session. As this was not done it is possible such a training bias did occur (Oliveira et al.
2010), although this would have been equally distributed for both sessions as the order of session was
randomized. These issues can be further explored in future studies using twitch interpolation techniques as
well (Gandevia et al. 2013). Finally, due to the nature of the interventions no blinding of participants was
attempted (Rosner 2012). This results in the possibility of placebo effects or performance bias.

Clinical and research implications

Increased strength, reduced neuromuscular fatigue, and increased cortical drive are crucial factors to
athletic performance, so by optimizing these physiological factors athletic performance may improve
(Armstrong and McManus 2010; McManus and Armstrong 2011; Harries et al. 2012; Marshall et al. 2014;
Kockum and Heijne 2015). Additionally, athletes have reported improvement in athletic performance
(Brolinson et al. 2012; Nook et al. 2016) and reduction in pain (using VAS-score) following SM (Nook et
al. 2016). Thus, emphasizing that SM could be used to enhance athletic performance, with the advantage of
it being drug-free, safe and cost-effective (Bronfort et al. 2010, 2012; Tsertsvadze et al. 2014).

Future studies should investigate athletic performance in “real-life”-studies, while having the athletes
execute suitable exercises related to a given sport. It would be relevant to investigate different athletic
populations, especially various types of power and endurance athletes, as these are known to respond
differently neurophysiologically (Vila-Cha et al. 2012). Moreover, it would be relevant to consider gender
and age of the athletes, as physiological factors differ within these categories as well (Brutsaert and Parra
2006; Armstrong and McManus 2010; McManus and Armstrong 2011).

Conclusion

A single session of SM of dysfunctional spinal and pelvic joints increased muscle strength and cortical
drive to ankle plantar flexor muscles in elite Taekwondo athletes. The increased MVC force lasted for
30 min and the cortical drive increase persisted for at least 60 min. Further research is now required to
determine whether the observed changes are important for athletic performance.
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SOL Soleus muscle

Author contributions

TLC, IKN, KH, RWN, HH were involved in the design, data collection, analysis, and article writing. JD
and KA were involved in the data collection and article reviewing. PM, KST and JHO the design and
article reviewing. All authors read and approved the final manuscript. All Authors declare that they have
no conflict of interest.

References

Aagaard P, Simonsen EB, Andersen JL, et al. Neural adaptation to resistance training: changes in
evoked V-wave and H-reflex responses. J Appl Physiol. 2002;92:2309–2318. doi:
10.1152/japplphysiol.01185.2001. [PubMed] [CrossRef] [Google Scholar]
Alkjaer T, Meyland J, Raffalt PC, et al. Neuromuscular adaptations to 4 weeks of intensive drop
jump training in well-trained athletes. Physiol Rep. 2013;1:e00099. doi: 10.1002/phy2.99.
[PMC free article] [PubMed] [CrossRef] [Google Scholar]
Andrew D, Yielder P, Haavik H, Murphy B (2017) The effects of subclinical neck pain on
sensorimotor integration following a complex motor pursuit task. Exp Brain Res 1–11.
10.1007/s00221-017-5103-4 [PubMed]
Armstrong N, McManus AM. Physiology of elite young female athletes. Med Sport Sci.
2010;56:23–46. doi: 10.1159/000320626. [PubMed] [CrossRef] [Google Scholar]
Baarbé JK, Holmes MWR, Murphy HE, et al. Influence of subclinical neck pain on the ability to
perform a mental rotation task: a 4-week longitudinal study with a healthy control group comparison.
J Manipulative Physiol Ther. 2016;39:23–30. doi: 10.1016/j.jmpt.2015.12.002. [PubMed] [CrossRef]
[Google Scholar]
Botelho MB, Andrade BB. Effect of cervical spine manipulative therapy on judo athletes’ grip
strength. J Manip Physiol Ther. 2012;35:38–44. doi: 10.1016/j.jmpt.2011.09.005. [PubMed]
[CrossRef] [Google Scholar]
Brinkworth RSA, Tuncer M, Tucker KJ, et al. Standardization of H-reflex analyses. J Neurosci
Methods. 2007;162:1–7. doi: 10.1016/j.jneumeth.2006.11.020. [PubMed] [CrossRef]
[Google Scholar]
Brolinson PG, Smolka M, Rogers M, et al. Precompetition manipulative treatment and performance
among Virginia Tech athletes during 2 consecutive football seasons: a preliminary, retrospective
report. J Am Osteopath Assoc. 2012;112:607–615. [PubMed] [Google Scholar]
Bronfort G, Haas M, Evans R, et al. Effectiveness of manual therapies: the UK evidence report.
Chiropr Osteopat. 2010;18:3. doi: 10.1186/1746-1340-18-3. [PMC free article] [PubMed] [CrossRef]
[Google Scholar]
Bronfort G, Evans R, Anderson AV, et al. Spinal manipulation, medication, or home exercise with
advice for acute and subacute neck pain:A randomized trial. Ann Intern Med. 2012;156:1–10. doi:
10.7326/0003-4819-156-1-201201030-00002. [PubMed] [CrossRef] [Google Scholar]
Brooke JD, Cheng J, Misiaszek JE, Lafferty K. Amplitude modulation of the soleus H reflex in the
human during active and passive stepping movements. J Neurophysiol. 1995;73:102–111. doi:
10.1152/jn.1995.73.1.102. [PubMed] [CrossRef] [Google Scholar]
Brutsaert TD, Parra EJ. What makes a champion? Explaining variation in human athletic
performance. Respir Physiol Neurobiol. 2006;151:109–123. doi: 10.1016/j.resp.2005.12.013.
[PubMed] [CrossRef] [Google Scholar]
Burke D, Gandevia SC, McKeon B. Monosynaptic and oligosynaptic contributions to human ankle
jerk and H-reflex. J Neurophysiol. 1984;52:435–448. doi: 10.1152/jn.1984.52.3.435. [PubMed]
[CrossRef] [Google Scholar]
Chilibeck PD, Cornish SM, Schulte A, et al. The effect of spinal manipulation on imbalances in leg
strength. J Can Chiropr Assoc. 2011;55:183–192. [PMC free article] [PubMed] [Google Scholar]
Daligadu J, Haavik H, Yielder PC, et al. Alterations in cortical and cerebellar motor processing in
subclinical neck pain patients following spinal manipulation. J Manipulative Physiol Ther.
2013;36:527–537. doi: 10.1016/j.jmpt.2013.08.003. [PubMed] [CrossRef] [Google Scholar]
Del Balso C, Cafarelli E. Neural changes associated with training adaptations in the activation of
human skeletal muscle induced by short-term isometric resistance training. J Appl Physiol.
2007;103:402–411. doi: 10.1152/japplphysiol.00477.2006. [PubMed] [CrossRef] [Google Scholar]
Farid B, Yielder P, Holmes M, Haavik H, Murphy B (2017) Subclinical neck pain leads to altered
multi-sensory integration at baseline and four week follow-up relative to healthy controls. Paper
presented at: ACC-RAC Platform and poster presentation abstracts, Washington DC, USA
Gandevia SC. Spinal and Supraspinal Factors in Human Muscle Fatigue. Physiol Rev.
2001;81:1725–1789. doi: 10.1152/physrev.2001.81.4.1725. [PubMed] [CrossRef] [Google Scholar]
Gandevia SC, McNeil CJ, Carroll TJ, Taylor JL. Twitch interpolation: superimposed twitches decline
progressively during a tetanic contraction of human adductor pollicis. J Physiol. 2013;591:1373–
1383. doi: 10.1113/jphysiol.2012.248989. [PMC free article] [PubMed] [CrossRef] [Google Scholar]
Gondin J. Soleus- and gastrocnemii-evoked V-wave responses increase after neuromuscular
electrical stimulation training. J Neurophysiol. 2006;95:3328–3335. doi: 10.1152/jn.01002.2005.
[PubMed] [CrossRef] [Google Scholar]
Grosprêtre S, Martin A. Conditioning effect of transcranial magnetic stimulation evoking motor-
evoked potential on V-wave response. Physiol Rep. 2014 [PMC free article] [PubMed]
[Google Scholar]
Haavik H, Murphy B. Subclinical neck pain and the effects of cervical manipulation on elbow joint
position sense. J Manipulative Physiol Ther. 2011;34:88–97. doi: 10.1016/j.jmpt.2010.12.009.
[PubMed] [CrossRef] [Google Scholar]
Haavik H, Murphy B. The role of spinal manipulation in addressing disordered sensorimotor
integration and altered motor control. J Electromyogr Kinesiol. 2012;22:768–776. doi:
10.1016/j.jelekin.2012.02.012. [PubMed] [CrossRef] [Google Scholar]
Haavik H, Niazi IK, Jochumsen M, et al. Impact of spinal manipulation on cortical drive to upper
and lower limb muscles. Brain Sci. 2017;7:2. doi: 10.3390/brainsci7010002. [PMC free article]
[PubMed] [CrossRef] [Google Scholar]
Haavik Taylor H, Murphy B. Altered cortical integration of dual somatosensory input following the
cessation of a 20 min period of repetitive muscle activity. Exp Brain Res. 2007;178:488–498. doi:
10.1007/s00221-006-0755-5. [PubMed] [CrossRef] [Google Scholar]
Haavik-Taylor H, Murphy B. Cervical spine manipulation alters sensorimotor integration: a
somatosensory evoked potential study. Clin Neurophysiol. 2007;118:391–402. doi:
10.1016/j.clinph.2006.09.014. [PubMed] [CrossRef] [Google Scholar]
Hancock MJ, Maher CG, Latimer J, McAuley JH. Selecting an appropriate placebo for a trial of
spinal manipulative therapy. Aust J Physiother. 2006;52:135–138. doi: 10.1016/S0004-
9514(06)70049-6. [PubMed] [CrossRef] [Google Scholar]
Harries SK, Lubans DR, Callister R. Resistance training to improve power and sports performance in
adolescent athletes: a systematic review and meta-analysis. J Sci Med Sport. 2012;15:532–540. doi:
10.1016/j.jsams.2012.02.005. [PubMed] [CrossRef] [Google Scholar]
Herzog W, Scheele D, Conway PJ. Electromyographic responses of back and limb muscles
associated with spinal manipulative therapy. Spine (Phila Pa 1976) 1999;24:146–152. doi:
10.1097/00007632-199901150-00012. [PubMed] [CrossRef] [Google Scholar]
Hillermann B, Gomes AN, Korporaal C, Jackson D. A pilot study comparing the effects of spinal
manipulative therapy with those of extra-spinal manipulative therapy on quadriceps muscle strength.
J Manip Physiol Ther. 2006;29:145–149. doi: 10.1016/j.jmpt.2005.12.003. [PubMed] [CrossRef]
[Google Scholar]
Holtermann A, Roeleveld K, Engstrøm M, Sand T. Enhanced H-reflex with resistance training is
related to increased rate of force development. Eur J Appl Physiol. 2007;101:301–312. doi:
10.1007/s00421-007-0503-y. [PubMed] [CrossRef] [Google Scholar]
Hultborn H. Spinal reflexes, mechanisms and concepts: From Eccles to Lundberg and beyond. Prog
Neurobiol. 2006;78:215–232. doi: 10.1016/j.pneurobio.2006.04.001. [PubMed] [CrossRef]
[Google Scholar]
Humphries KM, Ward J, Coats J, et al. Immediate effects of lower cervical spine manipulation on
handgrip strength and free-throw accuracy of asymptomatic basketball players: a pilot study. J
Chiropr Med. 2013;12:153–159. doi: 10.1016/j.jcm.2013.10.008. [PMC free article] [PubMed]
[CrossRef] [Google Scholar]
Kelly DD, Murphy BA, Backhouse DP. Use of a mental rotation reaction-time paradigm to measure
the effects of upper cervical adjustments on cortical processing: a pilot study. J Manipulative Physiol
Ther. 2000;23:246–251. doi: 10.1067/mmt.2000.106099. [PubMed] [CrossRef] [Google Scholar]
Knikou M. The H-reflex as a probe: pathways and pitfalls. J Neurosci Methods. 2008;171:1–12. doi:
10.1016/j.jneumeth.2008.02.012. [PubMed] [CrossRef] [Google Scholar]
Kockum B, Heijne AILM. Hop performance and leg muscle power in athletes: reliability of a test
battery. Phys Ther Sport. 2015;16:222–227. doi: 10.1016/j.ptsp.2014.09.002. [PubMed] [CrossRef]
[Google Scholar]
Lelic D, Niazi IK, Holt K et al (2016) Manipulation of dysfunctional spinal joints affects
sensorimotor integration in the prefrontal cortex: A brain source localization study. Neural Plast
2016:3704964. 10.1155/2016/3704964 [PMC free article] [PubMed]
Lersa LB, Stinear CM, Lersa RA. The relationship between spinal dysfunction and reaction time
measures. J Manipulative Physiol Ther. 2005;28:502–507. doi: 10.1016/j.jmpt.2005.07.007.
[PubMed] [CrossRef] [Google Scholar]
Marshall PWM, Lovell R, Jeppesen GK, et al. Hamstring muscle fatigue and central motor output
during a simulated soccer match. PLoS One. 2014;9:1–11. [PMC free article] [PubMed]
[Google Scholar]
McManus AM, Armstrong N. Physiology of elite young male athletes. Med Sport Sci. 2011;56:1–
22. [PubMed] [Google Scholar]
Milner-Brown HS, Lee RG. Synchronization of human motor units: Possible roles of exercise and
supraspinal reflexes. Electroencephalogr Clin Neurophysiol. 1975;38:245–254. doi: 10.1016/0013-
4694(75)90245-X. [PubMed] [CrossRef] [Google Scholar]
Niazi IK, Türker KS, Flavel S, et al. Changes in H-reflex and V-waves following spinal
manipulation. Exp Brain Res. 2015;233:1165–1173. doi: 10.1007/s00221-014-4193-5. [PubMed]
[CrossRef] [Google Scholar]
Nook DD, Nook EC, Nook BC. Utilization of chiropractic care at the world games 2013. J
Manipulative Physiol Ther. 2016;39:693–704. doi: 10.1016/j.jmpt.2016.09.005. [PubMed]
[CrossRef] [Google Scholar]
Nordlund Ekblom MM. Improvements in dynamic plantar flexor strength after resistance training are
associated with increased voluntary activation and V-to-M ratio. J Appl Physiol. 2010;109:19–26.
doi: 10.1152/japplphysiol.01307.2009. [PubMed] [CrossRef] [Google Scholar]
Oliveira AS, Corvino RB, Gonçalves M, et al. Effects of a single habituation session on
neuromuscular isokinetic profile at different movement velocities. Eur J Appl Physiol.
2010;110:1127–1133. doi: 10.1007/s00421-010-1599-z. [PubMed] [CrossRef] [Google Scholar]
Pensini M, Martin A. Effect of voluntary contraction intensity on the H-reflex and V-wave
responses. Neurosci Lett. 2004;367:369–374. doi: 10.1016/j.neulet.2004.06.037. [PubMed]
[CrossRef] [Google Scholar]
Pérot C, Goubel F, Mora I. Quantification of T- and H-responses before and after a period of
endurance training. Eur J Appl Physiol Occup Physiol. 1991;63:368–375. doi: 10.1007/BF00364464.
[PubMed] [CrossRef] [Google Scholar]
Pickar JG, Wheeler JD. Response of muscle proprioceptors to spinal manipulative-like loads in the
anesthetized cat. J Manipulative Physiol Ther. 2001;24:2–11. doi: 10.1067/mmt.2001.112017.
[PubMed] [CrossRef] [Google Scholar]
Pierrot-Deseilligny E, Mazevet D. The monosynaptic reflex: a tool to investigate motor control in
humans. Interest and limits. Neurophysiol Clin. 2000;30:67–80. doi: 10.1016/S0987-7053(00)00062-
9. [PubMed] [CrossRef] [Google Scholar]
Rosner AL. Evidence-based medicine: revisiting the pyramid of priorities. J Bodyw Mov Ther.
2012;16:42–49. doi: 10.1016/j.jbmt.2011.05.003. [PubMed] [CrossRef] [Google Scholar]
Sale DG, MacDougall JD, Upton AR, McComas AJ. Effect of strength training upon motoneuron
excitability in man. Med Sci Sports Exerc. 1983;15:57–62. doi: 10.1249/00005768-198315010-
00011. [PubMed] [CrossRef] [Google Scholar]
Sale DG, Upton ARM, McComas AJ, MacDougall JD. Neuromuscular function in weight-trainers.
Exp Neurol. 1983;82:521–531. doi: 10.1016/0014-4886(83)90077-8. [PubMed] [CrossRef]
[Google Scholar]
Schieppati M. The Hoffmann reflex: a means of assessing spinal reflex excitability and its
descending control in man. Prog Neurobiol. 1987;28:345–376. doi: 10.1016/0301-0082(87)90007-4.
[PubMed] [CrossRef] [Google Scholar]
Suter E, McMorland G, Herzog W, Bray R. Decrease in quadriceps inhibition after sacroiliac joint
manipulation in patients with anterior knee pain. J Manipulative Physiol Ther. 1999;22:149–153.
doi: 10.1016/S0161-4754(99)70128-4. [PubMed] [CrossRef] [Google Scholar]
Suter E, McMorland G, Herzog W. Short-term effects of spinal manipulation on H-reflex amplitude
in healthy and symptomatic subjects. J Manipulative Physiol Ther. 2005;28:667–672. doi:
10.1016/j.jmpt.2005.09.017. [PubMed] [CrossRef] [Google Scholar]
Taylor HH, Murphy B. Altered sensorimotor integration with cervical spine manipulation. J
Manipulative Physiol Ther. 2008;31:115–126. doi: 10.1016/j.jmpt.2007.12.011. [PubMed]
[CrossRef] [Google Scholar]
Taylor HH, Murphy B. Altered central integration of dual somatosensory input after cervical spine
manipulation. J Manipulative Physiol Ther. 2010;33:178–188. doi: 10.1016/j.jmpt.2010.01.005.
[PubMed] [CrossRef] [Google Scholar]
Taylor HH, Murphy B. The effects of spinal manipulation on central integration of dual
somatosensory input observed after motor training: a crossover study. J Manipulative Physiol Ther.
2010;33:261–272. doi: 10.1016/j.jmpt.2010.03.004. [PubMed] [CrossRef] [Google Scholar]
Tsertsvadze A, Clar C, Court R, et al. Cost-effectiveness of manual therapy for the management of
musculoskeletal conditions: a systematic review and narrative synthesis of evidence from
randomized controlled trials. J Manipulative Physiol Ther. 2014;37:343–362. doi:
10.1016/j.jmpt.2014.05.001. [PubMed] [CrossRef] [Google Scholar]
Tucker KJ, Tuncer M, Türker KS. A review of the H-reflex and M-wave in the human triceps surae.
Hum Mov Sci. 2005;24:667–688. doi: 10.1016/j.humov.2005.09.010. [PubMed] [CrossRef]
[Google Scholar]
Un CP, Lin KH, Shiang TY, et al. Comparative and reliability studies of neuromechanical leg muscle
performances of volleyball athletes in different divisions. Eur J Appl Physiol. 2013;113:457–466.
doi: 10.1007/s00421-012-2454-1. [PubMed] [CrossRef] [Google Scholar]
Vila-Cha C, Falla D, Correia MV, Farina D. Changes in H reflex and V wave following short-term
endurance and strength training. J Appl Physiol. 2012;112:54–63. doi:
10.1152/japplphysiol.00802.2011. [PubMed] [CrossRef] [Google Scholar]

National Center for Biotechnology Information, U.S. National Library of Medicine
8600 Rockville Pike, Bethesda MD, 20894 USA
Policies and Guidelines | Contact

Support CenterSupport Center

https://www.nlm.nih.gov/
https://www.nih.gov/
https://www.hhs.gov/
https://www.usa.gov/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5843672/#
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5843672/#
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5843672/#

