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Resumo 

Objetivo: Comparar os efeitos da manipulação cervical manual e assistida por 

instrumento em diferentes parâmetros neurofisiológicos, em sujeitos 

assintomáticos e com dor cervical mecânica, e verificar se esses efeitos são 

relacionados ou não com o nível metamérico da manipulação. 

Metodologia: Foram realizados 3 estudos randomizados duplamente cegos 

com grupo placebo e controlo. Dois estudos compararam os efeitos imediatos 

de uma manipulação manual ou assistida por instrumento na atividade do 

Sistema Nervoso Autónomo e no limiar e perceção de dor à pressão, atividade 

eletromiográfica, rigidez, tónus e elasticidade muscular dos trapézios 

superiores e bicípites, bilateralmente, em sujeitos assintomáticos. No 3º estudo 

foram avaliados os efeitos de 3 sessões de manipulação cervical manual e 

assistida por instrumento, num nível vertebral pré-selecionado, nas mesmas 

variáveis dos estudos anteriores referentes aos músculos e também a dor, 

incapacidade e perceção de mudança, em sujeitos com dor cervical mecânica.  

Resultados:  Nos sujeitos assintomáticos, tanto a manipulação manual como a 

assistida por instrumento produziram aumento do limiar de dor à pressão nos 

vários músculos, sem alteração dos parâmetros musculares e da atividade do 

Sistema Nervoso Simpático, este último, em comparação com o placebo.  Nos 

sujeitos com dor cervical, 3 sessões de manipulação manual produziram 

melhorias na dor, incapacidade e perceção de mudança. A manipulação 

manual produziu uma diminuição imediata da atividade eletromiográfica dos 

trapézios superiores. 

Conclusão: As manipulações manual e assistida por instrumento produziram 

efeitos similares e não apenas relacionados com o nível metamérico, em 

sujeitos assintomáticos, no entanto, apenas a aplicação de manipulação 

manual num nível vertebral pré-selecionado produziu mudanças nos sujeitos 

com dor cervical. 

PALAVRAS-CHAVE: Manipulação Vertebral; Dor; Incapacidade; Parâmetros 

Musculares; Relação Metamérica.
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Abstract 

Objective: To compare the effects of manual and instrument-assisted cervical 

manipulation in different neurophysiologic parameters in asymptomatic subjects 

and in subjects with mechanical neck pain, and to verify wether these effects 

are related with the metameric level of the manipuation. 

Methods: Three double blind randomized placebo control trials were 

conducted. Two studies compared the immediate effects of manual and 

instrument-assisted manipulation in the Autonomous Nervous System activity, 

pressure pain thresholds and perception, electromyographic activity, stiffness, 

tone and muscle elasticity of upper trapezius and biceps brachii, bilaterally, in 

asymptmatic subjects. In the 3rd study, the effects of 3 sessions of manual and 

instrument-assisted cervical manipulation on pre-selected vertebral level were 

evaluated in the same muscle-related variables, as in previous studies, and, 

also in pain, disability and perception of change, in subjects with mechanical 

neck pain.  

Results: In asymptomatic subjects, both manual and instrument-assisted 

manipulation increased pressure pain thresholds in the various muscles 

evaluated without changes in the muscle parameters and in sympathetic 

nervous system activity, the latter compared to placebo. In subjects with neck 

pain, 3 sessions of manual manipulation improved pain, disability and 

perception of change. The immediate decrease in the electromyographic activity 

of upper trapezius, bilaterally, was significantly higher in the manual 

manipulation group. 

Conclusion: Manual and instrument-assisted manipulation produced similar 

effects and not only related to the metameric spinal level, in asymptomatic 

subjects, however, only the manual manipulation applied at a pre-selected 

vertebral level produced changes in subjects with neck pain. 

KEY-WORDS: Spinal Manipulation; Pain; Disability; Muscle Parameters; 

Metameric Relation. 
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Introduction 

Spinal Manipulation: an overview 

Manually-applied movement and mobilization of body segments as a form of 

healing procedure has been used for centuries (Wiese & Callender, 2005). 

Spinal manipulation has been traditionally defined as a manual therapy 

procedure that involves a high velocity and low amplitude thrust (Nougarou, 

Dugas, Deslauriers, Pagé, & Descarreaux, 2013) and may be performed by 

physical therapists, chiropractors, osteopaths and some medical doctors (Gross 

et al., 2015). A systematic review concluded that spinal manipulation constitutes 

a cost-effective approach to manage spinal pain when used alone or in 

combination with general practitioner care (advice, education and drug 

prescription) or advice and exercise compared to general practice care alone, 

exercise or any combination of these (Michaleff, Lin, Maher, & van Tulder, 

2012). Interestingly, the patient satisfaction is higher in those receiving spinal 

manipulation as part of their treatment (Hurwitz, 2012). 

However, the complex nature of this intervention by the interaction of multiple 

complementary mechanisms makes it difficult to understand the physiological 

mechanisms that are in the origin of its clinical effects (J. E. Bialosky et al., 

2018). The limited knowledge regarding this issue limits the acceptability of this 

approach, as it may be viewed as less scientific. Knowledge of such 

mechanisms may promote a more appropriated and evidence based use of 

spinal manipulation by healthcare providers (J. E. Bialosky, Bishop, Price, 

Robinson, & George, 2009). 
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Manual and instrument-assisted manipulation: two faces of the same coin? 

Manual manipulation involves the manual application of a force to move a joint 

beyond its physiological range of motion within the anatomical limit (Joel G 

Pickar, 2002). By contrast to the manual manipulation, the delivery of a 

manipulative force with an instrument (i.e. instrument-assisted manipulation), 

such as the Activator Adjusting Instrument, seems not rely on moving a joint 

beyond its physiological range of motion to achieve an effect (Osterbauer, Fuhr, 

& Hildebrandt, 1992). 

Despite the increasing use of instrument-assisted manipulation in the last years 

(T. Huggins, A. L. Boras, B. J. Gleberzon, M. Popescu, & L. A. Bahry, 2012), 

there are contradictory findings regarding the effects of both methods (Gorrell, 

Beath, & Engel, 2016; Xiaojie Yu, Xiangrui Wang, John Zhang, & Ying Wang, 

2012). While some authors  reported that the outcomes of spinal manipulation 

are not dependent on the technique (J. E. Bialosky et al., 2009), others showed 

that manual manipulation provides better results in self-reported disability and 

pain scores (Michael Schneider, Mitchell Haas, Ronald Glick, Joel Stevans, & 

Doug Landsittel, 2015). 

The effects of spinal manipulation seem to be mediated by biomechanical 

and/or neurophysiological mechanisms; it may be important to consider a 

combination of both mechanisms, as the biomechanical parameters of a given 

spinal manipulation may produce unique or dose dependent neurophysiological 

responses (J. E. Bialosky et al., 2009). On another hand, instrument-assisted 

devices have been promoted as safe (S. H. Taylor et al., 2004), especially in 

osteoporotic bone fragility conditions and in patients who are fearful of 
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manipulative procedures that result in joint cavitation (Tiffany Huggins, Ana 

Luburic Boras, Brian J Gleberzon, Mara Popescu, & Lianna A Bahry, 2012). 

Is it time to rethink spinal manipulation – new evidence 

In clinical settings, spinal manipulation is typically applied when dysfunctional 

areas of the vertebral column are found (J. G. Pickar & Bolton, 2012). From a 

mechanistic-based perspective, it is common that the primary focus of treatment 

is manipulation of areas of the spine with segmental hypomobility. The specific 

spinal level to be treated is left to the discretion of the provider, based on 

manual palpation of the spine and associated musculature (Bronfort et al., 

2012). However, the clinical examination process for determining biomechanical 

dysfunction continues to be unreliable (Walker, Koppenhaver, Stomski, & 

Hebert, 2015). Moreover, the assumption that manipulative techniques are 

more effective when applied to a joint that the practitioner may perceive as 

stiffer is not well-supported by the current evidence (Snodgrass, Haskins, & 

Rivett, 2012). The value of stiffness in diagnostic reasoning and prognostic is 

currently unclear and despite the acceptance among manual therapy 

practitioners that manipulative therapies have a kinesiological effect on the 

spine, as quantified by spinal stiffness, there has been little research conducted 

so far that validates this belief (Snodgrass et al., 2012). Conversely, 

neurophysiological mechanisms may end up providing the most plausible 

explanations for the effectiveness of spinal manipulative therapy, and there is 

some evidence to support this idea. Spinal manipulation is related to changes in 
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electromyographic activity, in autonomous nervous system activity and/or 

changes in pressure pain thresholds. However, different studies found different 

changes in these neurophysiologic effects. While some (Motealleh, Gheysari, 

Shokri, & Sobhani, 2016) found an increase in electromyographic activity of 

gluteus medius and vastus medialis after lumbopelvic manipulation, others 

(Bicalho, Setti, Macagnan, Cano, & Manffra, 2010) found a decrease in 

paraspinal muscles after cervical manipulation; it seems that the manipulation of 

different regions of the spine produces different autonomous nervous system 

activity (Borges, Bortolazzo, & Neto, 2018). Conversely, it has also been 

showed that spinal manipulation leads to a similar sympatho-excitatory 

response in non-pain conditions, irrespective of the segment mobilized 

(Kingston, Claydon, & Tumilty, 2014; Perry, Green, Singh, & Watson, 2015); A 

systematic review (R. A. Coronado et al., 2012) found that spinal manipulation 

leads to an increase in pressure pain threshold in both symptomatic and 

asymptomatic subjects, but recently, a study (Jordon, Beattie, D'Urso, & 

Scriven, 2017) reported that in asymptomatic subjects, spinal manipulation did 

not change pressure pain threshold.  

Collectively, and despite the controversial results, the above-mentioned studies 

suggest that spinal manipulation has a direct effect on the central nervous 

system and that clinical outcomes associated with spinal manipulation may 

result from multiple neurophysiological mechanisms working alone or in 

combination (Joel E Bialosky, George, & Bishop, 2008). Although the exact 

mechanism that promotes the effects of spinal manipulation is still unclear, it 

has been accepted that it initiates a cascade of neurophysiological responses, 
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namely in the autonomic nervous system, the peripheral nervous system, and 

the endocrine system (J. E. Bialosky et al., 2009). 

Many studies in this field lack of a placebo group (de Camargo et al., 2011; J. 

R. Dunning et al., 2012; Fernández-Carnero, Cleland, & Arbizu, 2011; Gorrell et 

al., 2016; Jordon et al., 2017), but because the analgesic effects of both human 

touch and placebo are mediated by an endogenous opioid or endocannabinoid 

response, it is imperative to include a placebo and a control group in research 

studies examining the neurophysiologic response to spinal manipulation, as 

placebo and touch alone are confounding variables (Vigotsky & Bruhns, 2015). 

Are the effects local or widespread? 

It is not clear which tissues are affected by spinal manipulation, if only those 

directly related to the local of manipulation or other areas without clear 

relationship with the manipulation level. The current literature provides 

conflicting results; for instance, a C5-6 spinal manipulation has been 

demonstrated to produce an increase in bilateral pressure pain thresholds 

(Fernández-De-Las-Peñas, Pérez-De-Heredia, Brea-Rivero, & Miangolarra-

Page, 2007), suggesting the activation of central nervous system, but also a 

localized effect, since only the tissues innervated by the C5 spinal root (deltoid 

muscle and C5 spinous process), and not upper trapezius, increased pressure 

pain thresholds after spinal manipulation (de Camargo et al., 2011). Spinal 

manipulation is also thought to produce immediate changes over 

electromyographic activity (Bicalho et al., 2010; J. Dunning & Rushton, 2009; 

Fryer, Bird, Robbins, & Johnson, 2017), with some authors defending the idea 
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of an effect only over muscles metameric-related to the spinal level manipulated 

(de Camargo et al., 2011), while, to the best of our knowledge, only one study 

found changes over muscles metameric-related and also over muscles non-

metameric-related (Herzog, Scheele, & Conway, 1999). 

Moreover, according to some authors, spinal manipulation does not need to be 

applied on a specific segment, i.e. regions next and remote to the segment and 

not just the segment where the spinal manipulation is applied could achieve 

positive results in pain reduction and range of accessory motion (de Oliveira, 

Liebano, Costa, Rissato, & Costa, 2013). Nonetheless, others (Molina-Ortega et 

al., 2014) found an increase in cervical and epicondyle pressure pain thresholds 

only, after cervical manipulation over C5/C6, without changes in pressure pain 

thresholds at distance, i.e. the tibialis anterior. 

Reductions in pain sensitivity, or hypoalgesia, as a result of a spinal 

manipulation may be indicative of a mechanism related to the modulation of 

afferent input or central nervous system processing of pain, if those changes 

can be found also at remote sites from spinal manipulation and with non-

metameric relation (R. A. Coronado et al., 2012). At the same time, if a spinal 

manipulation applied over a pre-selected spinal level at all the subjects with 

mechanical neck pain (without a previous evaluation of the specific level(s) of 

the spine that presents movement restriction or dysfunction) produces changes 

in pain and function, it could challenge the concept that a specific approach into 

the spinal segments would explain the reductions in pain intensity that are 

experienced by the patients. 



AIMS 
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Aims 

Considering the above-mentioned controversial findings and the gap in the 

literature regarding the effects of spinal manipulation either in asymptomatic 

and in symptomatic subjects, the general aim of this work is to compare the 

neurophysiologic effects of manual and instrument-assisted cervical 

manipulation in asymptomatic subjects and in subjects with mechanical neck 

pain, and evaluate if those effects are local and metameric-related or 

widespread and non-metameric-related to the spinal level manipulated. We also 

want to evaluate the cumulative effect of three sessions of cervical manipulation 

on a pre-selected spinal level on pain and disability in subjects with mechanical 

neck pain.  

In order to accomplish the general aim, we propose two specific aims: 

1. To evaluate, in asymptomatic subjects, the immediate effects of both manual

and instrument-assisted cervical manipulation over muscles metameric-related 

and non-metameric-related with the spinal level where the intervention occurs. 

Over these muscles, the pressure pain thresholds, pressure pain perception, 

the electromyographic activity and the mechanical properties (tone, elasticity 

and stiffness) were assessed, as well as the autonomic nervous system activity. 

2. To assess the immediate and mid-term effects of a multi-session regime of a

pre-selected spinal level of manual and instrument-assisted cervical 

manipulation in subjects with mechanical neck pain. The assessment of the 

effects included the pressure pain thresholds, pressure pain perception, the 

electromyographic activity and the mechanical properties (tone, elasticity and 

stiffness) over muscles metameric-related and non-metameric-related with the 

spinal level where the intervention occurs, and, also, self-reported changes in 

pain, disability and global perception of change. 
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This work is divided in three studies, and these studies have the following 

hypotheses: 

- In the first study, we hypothesized that manual and instrument-assisted 

spinal manipulation induce similar and widespread improvements on pain 

threshold, pain perception, and mechanical properties (tone, elasticity 

and stiffness) of muscles metameric-related and, also, of muscles non-

metameric-related with the spinal level manipulated in asymptomatic 

subjects; 

- In the second study, the hypothesis was that both manual and 

instrument-assisted cervical manipulation produce similar effects over 

electromyographic activity of different muscles metameric-related and 

non-metameric-related with the level of manipulation and over 

sympathetic nervous system in asymptomatic subjects; 

- In the third study, we hypothesized that a multisession of a pre-selected 

spinal level of manual and instrument-assisted cervical manipulation 

provide positive effects in self-reported parameters and in pressure pain 

thresholds and perception in metameric related and non-metameric 

related muscles, while no changes will occur in electromyographic 

activity and myotonometric parameters over upper trapezius and biceps 

brachii in subjects with mechanical neck pain.  
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ABSTRACT 

Objective: To compare the immediate effects of manual and instrument-assisted cervical 

manipulation on pressure pain thresholds, pressure pain perception, and muscle mechanical 

properties (tone, stiffness, and elasticity) over muscles anatomically related and unrelated 

with manipulated level, in asymptomatic subjects. 

Methods: Fifty-nine asymptomatic subjects (34 women and 25 men, 21.1 ± 1.6 years old) 

were randomly assigned to four groups, in a double-blind, randomized, placebo-controlled 

trial. Two groups received cervical (C3/C4) manipulation, one manual and the other 

instrument-assisted, the third group received a sham manipulation, and the fourth group 

served as the control. Bilateral upper trapezius and biceps brachii pressure pain threshold, 

pressure pain perception, muscle tone, stiffness, and elasticity were evaluated before and 

immediately after the interventions.  

Results: At baseline, there were no differences between groups in any variable. After the 

interventions, a significant increase in pressure pain threshold was observed in both manual 

and instrument-assisted manipulation at local and distal sites (p < 0.05), whereas no changes 

were observed in both the control and placebo groups. The perception of pain pressure did 

not change significantly in any group. The interventions did not promote any statistically 

significant differences in muscle tone, elasticity, and stiffness at any site (local or distal). 

Conclusions: Cervical (C3/C4) manual and instrument-assisted manipulations produced an 

increase in pressure pain thresholds, bilaterally and over muscles related and unrelated with 

the vertebral segment, but had no effect over muscle tone, elasticity, or stiffness. 

 

Keywords: Cervical Spine; Spinal Thrust; Mechanical Manipulation; Pressure Pain 

Threshold; Muscle Tone; Muscle Stiffness; Muscle Elasticity. 
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Introduction 

Spine manipulation is widely used in the conservative management of several 

musculoskeletal conditions with application in acute and chronic low back pain, neck pain, 

and headache conditions.(Colloca, Pickar, & Slosberg, 2012) Despite being associated with 

high patient satisfaction,(Hurwitz, 2012) the literature provides incongruent results regarding 

the effectiveness of spinal manipulation for pain management.(R. A. Coronado et al., 2012; 

Fernandez-Carnero, Fernandez-de-las-Penas, & Cleland, 2008; Gross et al., 2015; 

hWassinger et al., 2016; Jordon et al., 2017; Posadzki, 2012) For instance, a systematic 

review(R. A. Coronado et al., 2012) showed significant effectiveness of spinal manipulation 

over other interventions, on pain sensitivity, while an overview of 22 systematic reviews, 

reporting the effects of spinal manipulation in several clinical conditions including low back 

pain, neck pain, headache, and lateral epicondylitis, failed to show a positive effect of 

manipulation on pain management.(Posadzki, 2012) A recent randomized, controlled trial 

also suggested that in young asymptomatic individuals, spinal manipulation does not induce 

any change in pressure pain thresholds.(Jordon et al., 2017) On the other hand, Wassinger et 

al. found that spinal manipulation increased pain thresholds and decreased self-reported pain 

in subjects with experimentally induced pain.(hWassinger et al., 2016) 

Spinal manipulation is traditionally a manual therapy procedure that involves a high velocity 

and low amplitude thrust; the peak force, velocity, and magnitude of the manual thrust 

depends on several factors, including the clinician’s experience.(Nougarou et al., 2013) The 

use of commercially available instrument-assisted manipulation devices offers the advantage 

to standardize both thrust velocity and magnitude. In the last years, the Activator Adjusting 

Instrument became popular among clinicians, namely chiropractors and physiotherapists.(T. 

Huggins et al., 2012) Moreover, instrument-assisted devices are promoted as safe and 

effective alternatives to spinal manipulation.(S. H. Taylor et al., 2004) Nevertheless, there are 
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only a small number of clinical trials that support its effectiveness(M. Schneider, M. Haas, R. 

Glick, J. Stevans, & D. Landsittel, 2015) and it is unknown if it produces the same muscle 

relaxation and hypoalgesic effects as manual techniques.(Xiaojie Yu et al., 2012) A 

randomized clinical study,(M. Schneider et al., 2015) comparing manual manipulation with 

instrument-assisted manipulation, showed greater short-term improvements in self-reported 

disability and pain after manual manipulation in comparison to instrument-assisted 

manipulation.  

The complex nature of spinal manipulation, by the interaction of multiple and complementary 

systems, either biomechanical and neurophysiological, complicates the study of the 

mechanisms involved in this intervention.(J. E. Bialosky et al., 2018) It is not clear which 

tissues are affected by spinal manipulation; the application of manipulative intervention at 

C5/C6 vertebral level was able to produce an immediate increase in pain pressure thresholds 

over the lateral epicondyle of both elbows in healthy subjects.(Fernández-De-Las-Peñas et 

al., 2007) This bilateral response after a unilateral, manipulative procedure may be explained 

by the activation of central structures. However, de Camargo et al. showed that only the 

tissues innervated by the C5 spinal root (deltoid muscle and C5 spinous process), and not the 

upper trapezius, exhibited increased pressure pain thresholds after spinal manipulation 

applied at this level, suggesting a specific effect of the manipulation.(de Camargo et al., 

2011) According to some authors, spinal manipulation does not need to be applied on a 

specific segment, i.e., regions next to the segment, in addition to the segment where the 

spinal manipulation is applied, could achieve positive results in pain reduction and range of 

accessory motion.(de Oliveira et al., 2013) Nonetheless, others(Molina-Ortega et al., 2014) 

found an increase in cervical and epicondyle pressure pain thresholds only after cervical 

manipulation over C5/C6, without changes in pressure pain thresholds at distal sites, namely 

the tibialis anterior. 
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There are also concurrent results in the literature regarding the effects of spinal manipulation 

over muscle activity. There are studies showing that spinal manipulation could reduce 

abnormal electromyographic activity in nonspecific, low back pain subjects,(Bicalho et al., 

2010) has minimal and transient effects in asymptomatic individuals,(Cardinale, Boccia, 

Greenway, Evans, & Rainoldi, 2015) or that manipulation of the sacrum could increase basal 

perineal tonus in women who had no associated osteoarticular diseases.(Nogueira de 

Almeida, Sabatino, & Giraldo, 2010) Nevertheless, it is important to mention that the study 

of the effects of joint manipulation on asymptomatic individuals may provide additional 

knowledge into the neurophysiological muscle response of the technique, without the 

confounding and uncontrolled effects of altered muscle activation related to 

injury.(Grindstaff, Hertel, Beazell, Magrum, & Ingersoll, 2009) 

Considering the above-mentioned controversial findings and the gap in the literature 

regarding the effects of spinal manipulation on peripheral muscles, the present study aimed to 

determine the effects of manual and instrument-assisted spinal manipulation administered in 

a single-session on pain threshold, pain perception, and mechanical properties of the muscle 

at local and distal sites in asymptomatic individuals. We hypothesized that manual and 

instrument-assisted spinal manipulation will induce similar and widespread improvements on 

pain threshold, pain perception, and mechanical properties (tone, elasticity and stiffness) of 

different muscles. To test this hypothesis, we compared the effects over innervated and non-

innervated tissues by the manipulated segment (C3/C4), evaluating, bilaterally, the upper 

trapezius and biceps brachialis. 
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Methods 

Study design, randomization and implementation 

A double-blind, randomized, controlled trial with one control group, one placebo group, and 

two intervention groups (manual or instrument-assisted manipulation) was conducted. The 

control and placebo groups were included in this study to clearly ascertain the real effects of 

the different spinal manipulation techniques. All subjects and examiners, except for the 

examiner that applied the manipulations, were blinded to the treatment group. Subjects were 

randomly (block randomization, 1:1:1:1) allocated to one of four groups using the software, 

Randomizer (www.randomizer.org). Subjects were enrolled and assigned to the groups by an 

independent investigator, who was not involved in the interventions, data collection, or 

analysis. 

Each subject received one treatment (manual or instrument-assisted manipulation), a placebo 

session, or remained at rest during a control period. Pressure pain thresholds and perception, 

as well as muscle mechanical properties were assessed by blinded examiners before and 

immediately after the intervention. The participants were not aware of their assigned group 

and had no contact with each other from the beginning until the end of the procedures. All the 

procedures were performed in the Center for Rehabilitation Research of the Oporto Health 

School. 

Participants 

A total of 164 subjects were assessed for eligibility, of which 76 met the inclusion criteria 

and volunteered to participate in this study (Figure 1). The recruitment occurred by email and 

through verbal advertisement among university students. Subjects were not paid for 

participation. The sample was composed of asymptomatic subjects, who were at least 18 

years of age. Participants were excluded from the study if they presented the following 

http://www.randomizer.org)/
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criteria: cervical pain, history of surgery and/neck trauma, current use of anticoagulant 

therapy, osteoporosis, fibromyalgia, visual disturbances, dizziness and/or vertigo, received 

manipulative therapy in the last 12 months, pregnancy, cancer, intake of an analgesic, muscle 

relaxant, or anti-inflammatory drugs in the last week, or any other contraindication to spinal 

manipulation.(de Camargo et al., 2011) The screening process was conducted by the therapist 

performing the interventions to verify if the participants were eligible for the study.(Hutting, 

Kerry, Coppieters, & Scholten-Peeters, 2018) All participants provided written informed 

consent and all procedures were conducted according to the Declaration of Helsinki. The 

study was approved by the Ethics Committee of School of Heath, Polytechnic Institute of 

Porto (ref. nº 1416/2014) and registered on ClinicalTrials.gov (NCT03463343). 

Figure 1 - CONSORT Flow Diagram 
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Procedures 

Assessment of the muscle mechanical properties – tone, elasticity, and stiffness 

The muscle mechanical properties – tone, elasticity and stiffness – of both the upper trapezius 

and biceps brachialis were measured using a handheld, mechanical impulse-based 

myotonometer (MyotonPro, Myoton AS, Tallinn, Estonia). Myotonometric measurements of 

muscle stiffness are highly correlated to superficial electromyographic changes in healthy 

adult subjects.(Leonard, Brown, Price, Queen, & Mikhailenok, 2004) This device has proven 

to be valid and reliable in the assessment of the upper trapezius (Liu et al., 2018) and biceps 

brachii muscles(Bailey, Samuel, Warner, & Stokes, 2013). It provides measures of (i) muscle 

tone in resting state, which is indicated by the oscillation frequency (Hz); (ii) elasticity, 

which represents the capacity to recover the muscle shape after a contraction, indicated by the 

logarithmic decrement (D log) of a muscle’s natural oscillation; and (iii) stiffness (N/m), that 

is, the muscle’s resistance to changes in muscle shape. The subjects were positioned in a 

sitting position on a chair, with both forearms supported by a pillow, relaxed and in 

supination, and the elbows in a flexed position (90º). To standardize the neck position for all 

the assessments, the subjects were asked to focus their visual attention, at eye level, on a 

fixed mark on the wall located 2 m away.(Viir, Laiho, Kramarenko, & Mikkelsson, 2006) For 

biceps, the measurement site was the middle of the muscle belly, which was identified by 

measuring the point mid-way between the anterior aspect of the lateral tip of the acromion 

and the medial border of the cubital fossa; the point was marked on the skin using a non-toxic 

non-permanent marker.(Agyapong-Badu et al., 2013) For the trapezius, the measurement 

point was the middle of the upper trapezius muscle belly, half way from the acromion to the 

7th cervical spinal process.(Liu et al., 2018)  
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Three consecutive measurements on both sides, in multiscan mode, comprising 10 

mechanical taps, one second apart, were performed and the average for tone, elasticity, and 

stiffness was taken for analysis. 

Assessment of pressure pain thresholds and perception 

The pressure pain threshold was measured, in three trials, by well-trained examiners using a 

Force One FDIX (Wagner Instruments, Greenwich CT, USA). Trained observers can apply 

an algometer at a consistent rate and provide highly reliable measures of pressure pain 

threshold in healthy humans [intraclass correlation coefficient (ICC) 0.91 (95% CI: 0.82–

0.97)], when the pressure pain threshold is calculated as the mean of three trials.(Chesterton, 

Sim, Wright, & Foster, 2007) 

The subjects were positioned in the same position and the assessment points were the same as 

for myotonometric assessments. The subjects received three ‘practice’ measurements on the 

dorsal aspect of their hand before testing began, to assure that all subjects understood the 

evaluation.(Thomson, Haig, & Mansfield, 2009) Before the procedure, subjects were asked to 

notify the examiner the moment the sensation of pressure changed to pain. Then, the 

instrument was placed over the assessment point at a 90°angle, using a 1 cm2 tip, and then 

pressure was increased at a rate of 1 kg/cm2 per second until the subject signified that the 

sensation of pressure began to change to pain. The test was then stopped, and the results 

recorded. 

Pressure pain perception at a given pressure was quantified at baseline and immediately after 

the treatment session, using the visual analogue scale (VAS, 0–10 cm). The ICC for VAS 

scores was 0.97 [95% CI: 0.96–0.98].(Bijur, Silver, & Gallagher, 2001) The procedures and 

the assessment points were the same as for pressure pain threshold, but the pressure was 

increased to 2.5 kg/cm2, and then maintained for 5 seconds. After the 5-second period, the 
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subject classified the level of pain using the VAS.(Oliveira-Campelo, de Melo, 

Alburquerque-Sendin, & Machado, 2013) Both procedures were performed three times and 

included a 30-second rest period between tests. The average of the three tests was taken for 

analysis. For all subjects, muscle mechanical properties were assessed first, followed by 

pressure pain thresholds and perception. 

 

Interventions 

Manual Manipulation 

The subjects in the manual manipulation group were positioned supine with the cervical spine 

in a neutral position. The therapist used manual palpatory procedures as 

recommended,(Gadotti & Magee, 2013) to identify C3. The index finger of the therapist was 

placed on the posterolateral aspect of the zygapophyseal joint of the right side of the C3 

vertebra. The therapist supported the subject's head with the other hand. Slight ipsilateral side 

flexion and contralateral rotation were introduced until tension was perceived in the tissues at 

the contact point. A high-velocity, low-amplitude thrust manipulation was directed upward 

and medially in the direction of the subject's contralateral eye. The therapist monitored for an 

audible cavitation accompanying the manipulations. If the audible cavitation was not noted 

during the first manipulative attempt, subjects were repositioned, and the procedure was 

repeated a second time. A maximum of two attempts were performed on each subject.(J. R. 

Dunning et al., 2012; Fernández-Carnero et al., 2011) The therapist had 20 years of active, 

spinal manipulation and physiotherapy experience. 

 

Instrument-Assisted Manipulation 

The instrument-assisted manipulation was applied using a handheld Activator IV Adjusting 

Instrument (AAI 4, Activator Methods International, Ltd, Phoenix, AZ, USA). Mean peak 
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forces obtained from the AAI 4 were 123.1, 121.0, 114.9, and 211.6 N for settings 1 through 

4, respectively.(Colloca et al., 2005) All instrument assisted manipulations were administered 

using an Activator IV instrument on a setting of “2” (i.e., applying a peak force of 121 N) 

from a 1 to 4 scale, to reduce the peak forces applied to the cervical region.(Gorrell et al., 

2016) Subjects were positioned prone, in a relaxed position, with their arms next to the body 

and the cervical spine in a neutral position.(Gorrell et al., 2016) Contacts were made firm 

enough to prevent slipping of the rubber tip but not so firm as to load the spring, which was 

consistent with customary clinical use of the instrument. The spring was then loaded by the 

instrument’s trigger mechanism, and the impulse was delivered in an anterosuperior 

direction, over the posterolateral aspect of the vertebra on the right lamina-pedicle junction of 

C3. 

Sham Procedure and Control 

The sham manipulation to the right C3/C4 segment was administered using the same ‘set-up’ 

as for the manual manipulation, However, once the barrier was engaged, the head was re-

positioned to neutral with no thrust applied.(J. Dunning & Rushton, 2009) 

The control group subjects were positioned supine and they received no manual contact. 

Statistical Analysis 

Statistical analysis was performed using IBM SPSS statistics version 21.0 (IBM Corporation, 

Chicago, IL, USA). The normality of the data was tested with the Shapiro-Wilk test and all 

data was normally distributed. The data was expressed as mean ± standard deviation. The 

percentage changes in outcomes from baseline to post-intervention was calculated as follows: 

post-intervention value − baseline value)/baseline value × 100. The Chi-square test was used 

for comparisons between groups in nominal data. One-way ANOVA was used to compare 
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groups at baseline and the percentage of change between groups, and post hoc comparisons 

were performed using Bonferroni tests. Intra-group differences were tested with a paired-

sample t-test. A p-value of ≤ 0.05 was considered statistically significant. 

 

Results 

From the 76 subjects that were allocated to the four groups, 9 extreme outliers were excluded 

following exploratory data analysis, and 8 were no-shows on testing day and did not provide 

a reason or decline to participate after randomization. Therefore, the final sample was 

composed of 59 subjects (34 women and 25 men; 21.1 ± 1.6 years old), with 14 subjects in 

the control group (6 women and 8 men; 21.4 ± 1.6 years old), 15 in the placebo group (6 

women and 9 men; 21.2 ± 2.0 years old), 16 in the manual manipulation group (8 women and 

8 men; 21.3 ± 1.1 years old), and 14 in the mechanical assisted manipulation group (5 women 

and 9 men; 20.6 ± 1.8 years old). All subjects had measures of pain, but only 48 subjects (n = 

11 in the control group, n = 11 in the placebo group, n = 12 in the manual group, and n = 14 

in the instrument-assisted group) were assessed with the myotonometer.  

At baseline, the groups showed similar age (F(3,55) = 0.731, p = 0.538), sex distribution (χ2 = 

0.671, p = 0.880), muscle tone (Figure 2), elasticity (Figure 3) and stiffness (Figure 4), 

pressure pain threshold (Table 1), and pain pressure perception (Table 2). 

Regarding the muscle mechanical properties, the interventions did not promote any 

statistically significant differences in muscle tone (Figure 2), elasticity (Figure 3), and 

stiffness (Figure 4) at any site (local or distal). No statistically significant changes were 

observed between groups in the percentage of change in muscle tone, elasticity, and stiffness 

from baseline to post-intervention. 
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Figure 2 - Changes in muscle tone of upper trapezius and biceps brachii from baseline to post-intervention. 

Figure 3 - Changes in elasticity of upper trapezius and biceps brachii frm baseline to post-intervention. 
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Figure 4 - Changes in stiffness of upper trapezius and biceps brachii from baseline to post-intervention. 

 

 

Regarding the pressure pain threshold, a significant increase was observed in both manual 

(right upper trapezius: p = 0.001, left upper trapezius: p = 0.009, right biceps brachii: p = 

0.007, left biceps brachii: p = 0.009) and instrument-assisted manipulation (right trapezius: p 

= 0.042, right biceps brachii: p = 0.001, left biceps brachii: p < 0.001), whereas no changes 

were observed in both the control and placebo groups (Table 2). Nonetheless, the percentage 

of changes in pressure pain threshold from baseline to post-intervention was significantly 

different between groups only for the right upper trapezius (F(3,55) = 3.344, p = 0.026). The 

change in pressure pain threshold of the manual manipulation group was significantly 

different from the control group [mean difference (95% CI), 32.0 (3.9–60.0%), p = 0.018], 

but not from the instrument-assisted manipulation [mean difference (95% CI), 20.2 (-7.9–

48.2%), p = 0.327] or placebo [mean difference (95% CI), 16.5 (-11.1–44.1%), p = 0.646] 

groups. 
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After the interventions, the perception of pain pressure did not change significantly in any 

group (Table 1). Likewise, no statistically significant changes were observed between groups 

in the percentage of change in the perception of pain pressure from baseline to post-

intervention. All participants completed the study with no reports of medical problems, 

discomfort, or adverse reactions. 

Table 1 - Effect of the intervention on pain pressure perception (Visual Analogue Scale) 

Manual Mechanical Placebo Control 

Right Trapezius 

Baseline (cm) 2.58 ± 1.24 3.30 ± 1.16 3.15 ± 1.08 2.62 ± 1.37 

Post (cm) 2.56 ± 1.52 3.18 ± 1.87 2.87 ± 1.00 2.33 ± 1.68 

Left Trapezius 

Baseline (cm) 2.68 ± 1.44 3.25 ± 1.88 3.39 ± 1.60 2.95 ± 1.84 

Post (cm) 2.48 ± 1.20 2.96 ± 2.29 3.52 ± 2.09 2.76 ± 1.55 

Right Biceps 

Baseline (cm) 2.58 ± 1.43 3.69 ± 1.53 3.64 ± 1.65 3.37 ± 2.31 

Post (cm) 2.43 ± 1.80 3.15 ± 1.96 3.37 ± 1.70 3.40 ± 2.45 

Left Biceps 

Baseline (cm) 3.14 ± 1.89 3.69 ± 1.80 3.46 ± 1.61 3.02 ± 1.97 

Post (cm) 2.93 ± 1.98 3.29 ± 2.17 3.70 ± 1.85 2.83 ± 1.99 
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Table 2 - Effect of the intervention on pressure pain threshold 

 Manual Mechanical Placebo Control 

Right Trapezius     

Baseline (kg/cm2) 2.68 ± 1.11 2.39 ± 0.77 2.60 ± 0.97 3.41 ± 1.53 

Post (kg/cm2) 3.46 ± 1.28* 2.77 ± 1.02* 2.90 ± 0.73 3.40 ± 1.33 

Left Trapezius      

Baseline (kg/cm2) 2.92 ± 1.19 2.47 ± 0.99 2.57 ± 1.01 3.16 ± 1.34 

Post (kg/cm2) 3.36 ± 1.13* 2.76 ± 0.80 2.63 ± 0.78 3.31 ± 0.99 

Right Biceps     

Baseline (kg/cm2) 2.66 ± 1.13 2.05 ± 0.75 2.38 ± 1.00 3.02 ± 1.68 

Post (kg/cm2) 3.00 ± 1.25* 2.44 ± 0.73* 2.43 ± 0.86 3.05 ± 1.22 

Left Biceps     

Baseline (kg/cm2) 2.30 ± 1.10 1.94 ± 0.80 2.23 ± 1.10 2.82 ± 1.09 

Post (kg/cm2) 2.75 ± 1.22* 2.48 ± 0.95* 2.43 ± 1.09 3.05 ± 1.21 

 

* significantly different from baseline, p<0.05 

 

 

 

Discussion 

To our knowledge, this is the first study to evaluate the effects of two different spinal 

manipulations, manual versus instrument-assisted, on pressure pain thresholds and muscle 

properties over muscles with and without metameric relation to the cervical level 

manipulated. Our hypothesis was partially confirmed as our main result was the increase of 

pressure pain threshold observed in both manual and instrument-assisted manipulation 

groups. Our result was widespread, as the increase occurred on both bilateral upper trapezius 

and biceps brachialis, at least in the manual group. It is important to reinforce that we had a 
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control and a placebo groups and no differences were observed in this variable neither in the 

control nor in the placebo group. Still, this improvement should be interpreted cautiously 

given the lack of differences in the percentage of changes between groups and the small 

sample size. 

The change in pressure pain threshold observed in regions with and without metameric 

relation to the cervical level manipulated are in accordance with a previous study.(R. A. 

Coronado et al., 2012) These local and remote effects suggest that spinal manipulation 

influences central nervous system processing of nociceptive information. A previous study 

showed that the immediate changes in pain intensity and pressure pain threshold after a 

single, high-velocity manipulation do not differ by region-specific (based on clinical 

evaluation) versus non–region-specific manipulation techniques in patients with chronic low 

back pain.(de Oliveira et al., 2013) These findings suggest a benefit beyond the effects on the 

local site of the manipulation. Nonetheless, other studies did not find the same results.(de 

Camargo et al., 2011; Molina-Ortega et al., 2014) In brief, they found a specific (segmental) 

effect of the spinal manipulation over the tissues that are innervated by the spinal segment 

that received the manipulation (C5/C6), and not a widespread effect, as they did not find any 

changes over tibialis anterior, or upper trapezius muscles.(de Camargo et al., 2011) 

Nevertheless, they also found a bilateral increase of pressure pain threshold over deltoid 

muscles, thus suggesting a bilateral, mechanical hypoalgesic effect of spinal manipulation.(de 

Camargo et al., 2011) 

The mechanisms explaining the effects in pain related to manual manipulation or instrument-

assisted manipulation are not yet completely understood. However, spinal manipulation 

appear to modulate pain through both central and peripheral pathways. It has been suggested 

that spinal manipulation initiates a cascade of neurophysiological changes, including the 

peripheral nervous system, autonomic nervous system, and the endocrine system, changing 
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the levels of substance-p, neurotensin, oxytocin, interleukin-1 and 2, and cortisol.(J. E. 

Bialosky et al., 2009) Collectively, these findings suggest that a central anti-inflammatory 

mechanism might be activated following a spinal manipulation.(Kovanur-Sampath, Mani, 

Cotter, Gisselman, & Tumilty, 2017) 

The results of the present study seem to point out that non–region specific manipulation is 

just as effective as region-specific manipulation when the goal is pain reduction, as spinal 

manipulation over one specific level produced effects in pain sensitivity in both metameric-

related and non-metameric-related muscles. Therefore, if our results are confirmed in future 

and larger randomized clinical trials in subjects with musculoskeletal disorders, they could 

challenge the concept that a specific approach into the spinal segments would explain the 

reductions in pain intensity that are experienced by the participants. Additionally, it is not 

possible to move only a single vertebrae with spinal manipulation, because the spine is a 

linked and coupled structure,(Cramer, Budgell, Henderson, Khalsa, & Pickar, 2006) and 

therefore some vertebrae above and below the site of the impulse may be also moved. It 

seems logical that when spinal manipulation is produced over one side of a vertebra, all the 

vertebra moves, so the potential effect of the technique could be induced over to the opposite 

side. Since spinal manipulation induces an extra-segmental effect, this could be viewed as an 

effect at higher levels of the central nervous system, not just as a reflex effect. 

In the instrument-assisted manipulation group, our results are in line with those previously 

reported showing an immediate metameric-related and extra-metameric hypoalgesic effect in 

asymptomatic subjects.(Xiaojie Yu et al., 2012) It is possible that both manual and 

instrument-assisted manipulation can produce similar effects over pressure pain thresholds, at 

least in asymptomatic subjects. According to Walton et al.,(Walton et al., 2011) the standard 

error of measurement for pressure pain thresholds of upper trapezius in asymptomatic 

subjects is 0.18 Kg/cm2 and the minimum detectable change is 0.44 Kg/cm2, which is lower 
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than the differences found in our study. However, as the percentage of change was not 

different between groups, our results related to pain need to be seen with caution and 

confirmed in larger trials. 

In the present study, we found no effects of spinal manipulation, both manual or instrument-

assisted, on the mechanical parameters of the skeletal muscles evaluated. This result is in 

agreement with a previous study,(de Camargo et al., 2011) which also found no effects on 

resting electromyographic activity over muscles innervated and non-innervated by the 

manipulated segment. Myotonometer measurements of muscle stiffness were highly 

correlated to superficial electromyography changes in healthy adult subjects.(Leonard et al., 

2004) A possible explanation to our results that change in muscle activation induced by 

manipulation appear to be most detectable in muscles presenting with palpably tautness or 

pain.(Lehman, 2012) Increased pain thresholds, but no change in the intrinsic properties of 

the muscles, may suggest that the effect over pain is related to a direct pain inhibition 

mechanism that was triggered, rather than a secondary effect due to changes in muscle tone, 

elasticity, or stiffness. 

The current study has some limitations. First, the study was focused on immediate effects, so 

we are unable to determine any longer-term effects of spinal manipulation on pain. Second, 

we only included asymptomatic individuals, so, our results could not be transferred to 

individuals with pain conditions, but they can serve as a starting point for future studies with 

symptomatic subjects. Third, the sample was composed by health sciences students, so we 

cannot completely exclude their knowledge about real techniques. Fourth, since the 

myotonometer was not available for a short period of time during the study, we only had 

results from 48 subjects. Another limitation of the study is the small sample size. Lastly, we 

recruited a small sample of healthy subjects without performing a previous sample size 

calculation, which limits the generalization of our results. Nonetheless, this initial work 
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generated outcomes that can be used to determine the sample size in subsequent large 

randomized, controlled studies aiming to ascertain the findings of this study.  

 

 

Conclusions 

One cervical (C3/C4) manipulation, manually performed or instrument-assisted, produced an 

increase in pressure pain thresholds bilaterally and over muscles metameric-related and 

unrelated with the vertebral segment, but no effect over pressure pain perception, muscle 

tone, elasticity, or stiffness in asymptomatic subjects. 
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Abstract 

Objective: To investigate the electromyographic activity of bilateral upper trapezius and 

biceps brachii and sympathetic nervous system immediately after manual and instrument-

assisted cervical manipulation in asymptomatic subjects. 

Methods: Seventy-five asymptomatic subjects were randomly assigned to four groups, in a 

double-blind, randomized, placebo-controlled study. Two groups received a cervical (C3/C4) 

manipulation, one manual and other instrument-assisted, a third group received a sham 

manipulation and a fourth group served as a control. Skin conductance and bilateral upper 

trapezius and biceps brachii electromyographic activity were evaluated before, immediately 

after the interventions and 10 minutes post-interventions.  

Results: There was no significant differences in electromyographic activity of upper 

trapezius or biceps brachii between groups, immediately after or 10 minutes post-

intervention. Immediately after intervention, the percentage of change of skin conductance 

was significantly different between groups (χ2(3) = 22.878, p<0.001); it was significantly 

higher in the placebo (p=0.003), manual (p<0.001) and instrument-assisted (p<0.001) groups 

in comparison to the control group. Ten minutes after the intervention, the instrument-

assisted group showed a higher percentage of change in comparison to the control group 

(p=0.002); no significant differences were observed between instrument-assisted group and 

the manual or the placebo group. 

Conclusions: Both cervical manipulations and placebo induced a similar sympathoexcitatory 

response, but none of them had any effect over electromyographic activity of upper trapezius 

or biceps brachii. Manipulations did not increase skin conductance more than placebo in the 

upper limbs of pain free subjects. 

Keywords: Cervical Spine; Manual Manipulation; Mechanical Manipulation; Autonomic 

Nervous System; Skin Conductance; Muscle Activity. 
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1. Introduction

Spinal manipulation is a manual therapy procedure that involves a high velocity and low 

amplitude thrust with peak force, velocity and magnitude dependent on several factors, 

namely the clinician’s experience (Nougarou et al., 2013). There is moderate-to-high-quality 

evidence that demonstrates that spinal manipulation leads to clinically important 

improvements at short and long-term in subjects with chronic neck pain (Howard Vernon, 

Humphreys, & Hagino, 2007). A systematic review suggests that spinal manipulation is a 

cost-effective treatment to spinal pain management, which could be used alone or in 

combination with general practitioner’s care (advice, education and drug prescription), or 

advice and exercise compared to general practitioner care alone, exercise or any combination 

of these (Michaleff et al., 2012). Another recent review suggested clinically relevant effects 

of cervical manipulation for reducing pain in patients with chronic nonspecific neck pain, but 

the evidence is of moderate quality (Franke, Franke, & Fryer, 2015). 

The use of instrument-assisted manipulation devices offers the advantage of standardization 

of both thrust velocity and magnitude. In the last years, the Activator Adjusting Instrument 

became popular among clinicians, namely chiropractors and physiotherapists (Tiffany 

Huggins et al., 2012). However, it is not complete clear if it produces the same effects as 

manual techniques (X. Yu, X. Wang, J. Zhang, & Y. Wang, 2012). 

Although the exact mechanism that promotes the spinal manipulation’s effects is st ill unclear, 

it has been accepted that it initiates a cascade of neurophysiological responses, namely in the 

autonomic nervous system, the peripheral nervous system, and the endocrine system (J. E. 

Bialosky et al., 2009). Indeed, it has been argued that cervical manipulation may result in 

parasympathetic responses (Welch & Boone, 2008), whereas thoracic (Borges et al., 2018) 

and lumbar manipulation (Perry et al., 2015) may lead to sympathetic responses. There is a 

general agreement that this effect is linked to central processing of pain and the instigation of 
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hypoalgesia (J. E. Bialosky et al., 2009). However, it has also been showed that spinal 

manipulation could lead to a sympatho-excitatory response in non-pain conditions, 

irrespective of the segment mobilized (Kingston et al., 2014; Perry et al., 2015).  

Although spinal manipulation has also been related to changes in muscle activity, the 

evidence is controversial. Following cervical manipulation, a reduction in electromyographic 

activity was obtained in paraspinal muscles during flexion-extension in subjects with chronic 

low back pain (Bicalho et al., 2010); whilst an increase in muscle activity of the deltoid (de 

Camargo et al., 2011) and biceps brachii was observed (J. Dunning & Rushton, 2009) in 

subjects with mechanical neck pain. In contrast, no changes were observed in gastrocnemius 

medialis and erector spinae muscles in asymptomatic subjects after lumbar manipulation 

(Cardinale et al., 2015).  The contradictory results could be due to the relation between the 

manipulated level and the anatomical muscle location.   

Therefore, there is no consensus that spinal manipulation affects muscle activity on muscles 

which are anatomically related with the spinal level manipulated, or if those effects are 

widespread and observed in muscles not related with the level of manipulation. In this 

context, the study of the effects of spinal manipulation in asymptomatic subjects may provide 

additional insight into the neurophysiological muscle responses to the intervention without 

the confounding and uncontrolled effects of altered muscle activity related to injury 

(Grindstaff et al., 2009). We hypothesized that both manual and instrument-assisted 

manipulation will produce similar, but higher than placebo or control, effects over 

electromyographic activity of different muscles and over sympathetic nervous system.  

Hence, the purpose of this study was to investigate the electromyographic activity of bilateral 

upper trapezius and biceps brachii and sympathetic nervous system immediately after manual 

and instrument-assisted cervical manipulation, in asymptomatic subjects. 
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Methods 

Study design, randomization and implementation 

A double-blind, randomized, placebo-controlled study with two intervention groups (manual 

and instrument-assisted manipulation), one control group and one placebo group, was 

conducted. All subjects and examiners were blinded to treatment group with the exception of 

the investigator that executed the manipulation. Subjects were randomly (block 

randomization, 1:1:1:1) allocated within 4 groups using the software Randomizer 

(www.randomizer.org). Subjects were enrolled and assigned to the groups by an independent 

investigator, who was not involved in the interventions, data collection or analysis. Each 

subject received cervical spine manual manipulation, or cervical spine instrument-assisted 

manipulation, or placebo manipulation or remained at rest during a controlled period. 

Electromyographic signal and skin conductance were assessed by blinded examiners before, 

immediately after the intervention and 10 minutes post-interventions. All the procedures were 

performed in the Rehabilitation Research Centre of the Oporto Health School. 

Participants 

One hundred and sixty-four subjects were assessed for eligibility; of those, eighty were 

excluded and eight four were allocated to the study groups (Figure 1). The recruitment was 

made by email and through verbal announcement among university students. None of the 

subjects was paid for taking part in the study. Asymptomatic individuals aged above 18 years 

were selected. Subjects were excluded if they presented at least one of the following criteria: 

cervical pain, history of surgery and/neck trauma, osteoporosis, current use of anticoagulant 

therapy, received manipulative therapy in the last 12 months, fibromyalgia, visual 

disturbances, dizziness, and/or vertigo, pregnancy, cancer, intake of analgesic, muscle 

relaxant or anti-inflammatory drugs in the last week, or any other contra-indication to spinal 

http://www.randomizer.org)/
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manipulation (de Camargo et al., 2011). The screening process was made by the 

physiotherapist performing the interventions to verify if the participants were eligible to the 

study (Hutting et al., 2018) (A. J. Taylor & Kerry, 2010). All subjects provided written 

informed consent and all procedures were conducted according to the Declaration of 

Helsinki. The study was approved by the Ethics Committee of the Oporto Health School (ref. 

nº 1416/2014). 

 

Figure 1 – CONSORT Flow Diagram 

 

Procedures 

Data collection 

Before any intervention, a ten-minute period was established to normalize the skin 

conductance values and the electromyographic signal. Subjects were asked to stay in supine 

position as relaxed as possible; moreover, they were instructed not to sleep, take deep 

breaths, cough or sneeze, talk, fidget with the sensors, or move unless otherwise instructed to 

do so. In order to reinforce the blinding of the subjects and the examiner who applied the 
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techniques, the position of the computer screen was changed, so that neither the subject nor 

the examiner could receive any visual feedback of his or her sympathetic nervous system or 

electromyographic activity. In the ten-minute pre-intervention period, data was collected in 

the two last minutes (baseline) (Jowsey & Perry, 2010; Perry, Green, Singh, & Watson, 

2011), and the data continued being recorded ten minutes after the end of the intervention. 

During all the data record, efforts were made in order to optimize the environment in relation 

to noise and temperature, as the room was climatized with air conditioning, and all personal 

was instructed to maintain silence (Moutzouri, Perry, & Billis, 2012; Perry et al., 2011). 

Electromyographic activity 

The electromyographic activity of bilateral upper trapezius and biceps brachii muscles 

was recorded using the MP 150 Workstation model from Biopac Systems, Inc. (Santa 

Barbara, CA, USA) and collected using bipolar surface active electrodes with 20 mm center-

to-center inter-electrode distance (TSD150B, Biopac Systems, Inc.). The electromyographic 

signal was collected at 1000 Hz, pre-amplified at the electrode site and then fed into a 

differential amplifier with adjustable gain setting (12–500 Hz; Common Mode Rejection 

Ratio: 95 dB at 50 Hz and input impedance of 100 MX). The gain range used was equal to 

1000. The signal was analysed with the accompanying Acknowledge software version 3.9.0 

(BiopacSystems Inc, Santa Bárbara, CA, USA). 

Each subject was positioned supine on a plinth with their lower limbs straight and head and 

neck in a neutral position. The subjects’ arms rested on the plinth with the elbows bent at 90° 

and fingers interlocked over the abdomen to limit movement of the upper limbs during data 

collection (J. Dunning & Rushton, 2009). Previously to the application of electrodes, the skin 

was shaved and then cleaned with exfoliant gel and alcohol. Subsequently, skin impedance 

was measured using an Impedance Checker (Biopac Systems Inc; Santa Bárbara, CA, USA), 
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and values between 2 kΩ and 5 kΩ were accepted (Hermens, Freriks, Disselhorst-Klug, & 

Rau, 2000). The electrodes were placed bilaterally over upper trapezius and biceps brachii. 

For the upper trapezius, the electrodes were placed in the middle distance between the 

acromion and spinal process of the C7, whereas for the biceps brachii, the electrodes were 

placed at 1/3 of the distance between the cubital fossa and the acromion. It was also used a 

ground electrode (Dahlhausen®, Köln, Germany) that was positioned over the olecranon. All 

electrodes were fixed with anti-allergic adhesive tape in order to reduce motion-induced 

signal artefacts (Motealleh et al., 2016). 

Upper trapezius and biceps brachii maximum voluntary isometric contraction were 

performed to electromyographic data normalize (Motealleh et al., 2016). For each muscle, 

subjects were asked to resist a maximal isometric contraction for 5 seconds and repeated 3 

times with a 30 second interval. The signal obtained during the second, third and fourth 

seconds of the maximum voluntary isometric contraction were used to obtain the mean of the 

3 repetitions and determine the signal of the maximum voluntary isometric contraction. 

 

Skin conductance 

The endodermic activity amplifier (GSR100C; Biopac Systems Inc) and the acquisition unit 

MP100 (MP100A-CE; Biopac Systems Inc; Santa Bárbara, CA, USA) were used to collect 

the skin conductance values. Finger electrodes were prepared with conduction gel and 

applied in contact with the palmar faces of the second and third distal phalanges of the 

participant’s right hand (Jowsey & Perry, 2010). Aiming to ensure the quality of the electric 

conductance signal and to reduce skin impedance, the second and third fingers of the right 

hand were cleaned with Nuprep Skin Prepping Gel, and then with ethylic alcohol (Jowsey & 

Perry, 2010).   
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By collecting the signal through the transductor (TSD203; Biopac Systems Inc) it is possible 

to observe the eccrine sweat glands activity, and due to that, record the electrodermal activity 

(Biopac Systems, 2014; Perry et al., 2011). The absolute values of the skin conductance are 

expressed in μS, in response to an applied constant voltage of 0.5Volts. Data were recorded 

with a frequency of 1000Hz with a low pass filter of 20Hz. Afterwards, data were processed 

and analyzed with Acqknowledge 3.9.0 software (BiopacSystems, Inc®, Santa Bárbara, CA, 

USA). The integral measure, a summation of the total value of a physiological variable over a 

period of time, was derived and presented in terms of percentage change from baseline 

values. Moreover, the measurement of skin conductance with Biopac System is a reliable 

method for measuring sympathetic nervous system activity with minimum measurement 

variability (Perry et al., 2011). 

Identification of manipulation application instant 

The BioPlux Research accelerometer (PLUX Wireless Biosignals S.A., Lisbon, 

Portugal) was used to detect the moment of application of the manipulation. This system was 

connected via Bluetooth to a personal computer and allowed to synchronize the timing of 

both devices when the cervical region started to be manipulated. The accelerometer was fixed 

four centimeters to the left of C3 spinous process, in order to highlight the signal amplitude, 

when movement of the cervical spine occurred in any of the three axes of movement 

(Godfrey, Conway, Meagher, & ÓLaighin, 2008). Data were collected and recorded in the 

MonitorPLUX software, being later processed and analyzed, using the Ackqnowledge 

software (DeVocht, Pickar, & Wilder, 2005). 
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Interventions 

Instrument-Assisted Manipulation 

The instrument-assisted manipulation was applied using a handheld Activator IV Adjusting 

Instrument (AAI 4, Activator Methods International, Ltd, Phoenix, Arizona). Mean peak 

forces obtained from the AAI 4 were 123.1, 121.0, 114.9, and 211.6 N for settings 1 through 

4, respectively (Colloca et al., 2005). All instrument assisted manipulations were 

administered using an Activator IV instrument on a setting of “2” (i.e., applying a peak force 

of 121 N) from a 1 to 4 scale, so as to reduce the peak forces applied to the cervical region 

(Gorrell et al., 2016). In accordance with customary clinical use of the instrument, contacts 

were made firm enough to prevent slipping of the rubber tip, but not so firm as to load the 

spring. The spring was then loaded by means of the instrument’s trigger mechanism, and the 

impulse was delivered in an anterosuperior direction, over the posterolateral aspect of the 

vertebra on the right lamina-pedicle junction of C3. To make this application possible in 

supine position, the subject’s head was supported by a height-adjustable seat, regulated to the 

same height of the table, and with a gap between the table and the seat, so that the 

investigator could apply the technique, always assuring the subject´s security and comfort. 

The investigator applying all the interventions has 20 years active spinal manipulation and 

physiotherapy experience. 

Manual Manipulation group 

The manual manipulation was applied at the C3/C4, and the subjects were positioned in 

supine with the cervical spine in a neutral position. The index finger of the investigator was 

applied on the posterolateral aspect of the zygapophyseal joint of the right side of C3 vertebra 

and the subject's head was supported with the other hand. Slight ipsilateral side flexion and 

contralateral rotation were introduced until tension was perceived in the tissues at the contact 
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point. A high-velocity, low-amplitude thrust manipulation was directed upward and medially 

in the direction of the subject's contralateral eye. While following this technique, the 

investigator paid attention to an audible cavitation that might accompany the manipulations. 

If the audible cavitation was not heard during the first manipulative attempt, the subjects 

were repositioned and the procedure was repeated a second time, and, if there was no audible 

cavitation again, it was assumed that the procedure was done (Fernández-Carnero et al., 

2011). 

Sham Procedure and Control 

The sham manipulation was administered using the same procedure as for the manual 

manipulation; however, once the barrier was engaged, the head was re-positioned to neutral 

with no thrust applied (J. Dunning & Rushton, 2009). Those in the control group were 

positioned supine for the same twenty minutes, as the other groups, and they received no 

manual contact. 

Data processing 

The raw electromyographic signal was band-pass filtered (20–450 Hz) and the root mean 

square (RMS) was calculated. The electromyographic signal of each muscle was normalised 

to the corresponding value obtained during maximal isometric contraction. The instant of 

application of the intervention was defined as the maximum peak of the accelerometer signal. 

The last thirty seconds from the two-minute baseline period before the intervention, the first 

thirty seconds after intervention, and the last thirty seconds from the 10-minute period after 

intervention were selected for analysis. In the control group, the selection period was the last 
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thirty seconds of baseline, the first thirty seconds after baseline and the last thirty seconds of 

the total recorded period, as these subjects did not suffer any intervention. 

 

 

 

Data Analysis 

Statistical analyses were performed using IBM SPSS statistics version 21.0 (IBM 

Corporation, Chicago, IL, USA). The percentage changes in the outcomes from baseline to 

post-intervention was calculated as follows: (post-intervention value − baseline 

value)/baseline value × 100; and, from baseline to final rest period: (final rest period value − 

baseline value)/baseline value × 100. The normality of data distribution was tested with the 

Shapiro-Wilk test. Skin conductance and electromyographic activity data were not normally 

distributed; thus, data are reported as median (interquartile range). The Kruskall-Wallis test 

for independent samples with post-hoc pairwise comparisons (Dunn-Bonferroni tests) was 

used to compare groups at baseline and the percentage of change between groups; 

adjustments for multiple testing were performed using the Bonferroni error correction. 

Statistical significance was set at p < 0.05. 

 

Results 

From the 84 subjects allocated to the groups, 9 declined to participate after randomization or 

were no-shows on testing day (Figure 1). Hence, this study comprised 75 participants (77.3% 

females, n=55) divided in four groups: control (n=19, 13 females, mean age 21.1 ± 1.6 years 

old), placebo (n=21, 18 females, mean age 21.1 ± 1.6 years old), manual manipulation (n=18, 

11 females, mean age 20.8 ± 0.9 years old) and instrument-assisted manipulation (n=17, 10 

females, mean age 20.7 ± 1.5 years old). 
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Electromyographic activity 

No difference between groups were observed at baseline in the electromyographic activity of 

the right trapezius (χ2
(3) = 2.001, p=0.572), left trapezius (χ2

(3) = 1.529, p=0.676), right biceps 

(χ2
(3) = 0.333, p=0.954) and left biceps (χ2

(3) = 2.193, p=0.533) (Table 1). Immediately after 

the intervention, the changes were similar between groups as no significant differences were 

observed between groups in the post-intervention period for right (χ2
(3) = 4.509, p=0.212) and 

left trapezius (χ2
(3) = 5.809, p=0.121), as well as right (χ2

(3) = 2.884, p=0.410) and left (χ2
(3) = 

1.177, p=0.758) biceps (Table 1). Likewise, at the end of the 10-minute rest period the 

percentage of change from baseline was similar between groups for both trapezius (right: χ2
(3) 

= 0.354, p=0.950; left: χ2
(3) = 0.433, p=0.933) and biceps muscles (right: χ2

(3) = 5.080, 

p=0.166; left: χ2
(3) = 1.610, p=0.657) ((Table 1). 

Skin conductance 

The assessment of skin conductance was performed in 40 participants (75% females, n=26): 

control (n=10, 7 females, mean age 21.0 ± 1.9 years old), placebo (n=10, 8 females, mean age 

20.2 ± 1.8 years old), manual manipulation (n=10, 6 females, mean age 20.7 ± 1.1 years old) 

and instrument-assisted manipulation (n=10, 5 females, mean age 19.9 ± 1.7 years old). 

No difference between groups [manual, 241.0 (307.1) μmho); instrument-assisted, 100.7 

(138.5) μmho; placebo, 175.1 (222.9) μmho; control, 224.8 (102.4) μmho] were observed at 

baseline (χ2
(3) = 6.862, p=0.076). There was a statistically significant difference post-

intervention (from baseline) in the percentage of change for skin conductance among groups 

(χ2(3) = 22.878, p<0.001) (Table 2); the percentage of change was significantly higher in the 

placebo (p=0.003), manual (p<0.001) and instrument-assisted (p<0.001) groups in 

comparison to the control group (Table 1). Ten minutes after the intervention, a statistically 
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significant difference between groups in percentage of change of skin conductance (χ2(3) = 

13.664, p=0.003) (Table 2) was also observed, but only the instrument-assisted group showed 

a higher percentage of change in comparison to the control group (p=0.002). No significant 

differences were observed between instrument-assisted group and the manual or the placebo 

group.
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Table 1. Electromyographic activity and percentage of change for skin conductance from baseline 

measures [median (interquartile range)] 

Muscle Group Baseline Post-

intervention 

Final rest 

period 

Change 

baseline to 

post-

intervention 

Change 

baseline to 

final 

Right 

Trapezius 

Control 1.56 (2.99) 1.56 (3.06) 1.56 (3.33) 0.00 (0.01) 0.00 (0.09) 

Placebo 0.80 (1.74) 0.82 (1.78) 0.82 (1.69) 0.00 (0.04) 0.00 (0.03) 

Manual 1.12 (0.97) 0.96 (1.19) 0.92 (0.96) -0.01 (0.10) 0.00 (0.04) 

Instrument-

assisted 

0.91 (2.52) 0.92 (2.63) 0.88 (2.59) -0.01 (0.06) 0.00 (0.04) 

Left 

Trapezius 

Control 1.12 (3.90) 1.12 (4.20) 1.16 (3.96) 0.00 (0.20) 0.00 (0.06) 

Placebo 1.22 (1.82) 1.21 (1.78) 1.23 (1.79) 0.00 (0.06) 0.00 (0.01) 

Manual 0.83 (1.37) 0.86 (1.45) 0.86 (1.41) -0.01 (0.04) 0.00(0.03) 

Instrument-

assisted 

1.06 (1.91) 1.49 (2.00) 1.07 (1.89) -0.01 (0.04) 0.00 (0.04) 

Right Biceps Control 0.44 (0.26) 0.44 (0.77) 0.44 (0.70) -0.01 (0.11) -0.01 (0.14) 

Placebo 0.44 (0.55) 0.63 (0.59) 0.65 (0.58) -0.02 (0.18) -0.02 (0.26) 

Manual 0.37 (0.71) 0.49 (0.50) 0.48 (0.61) 0.00 (0.04) 0.00 (0.03) 

Instrument-

assisted 

0.32 (1.47) 0.40 (1.45) 0.41 (1.44) 0.00 (0.09) 0.00 (0.11) 

Left Biceps Control 0.52 (1.16) 0.44 (1.21) 0.44 (1.36) 0.00 (0.11) 0.01 (0.15) 

Placebo 0.71 (0.66) 0.46 (0.68) 0.46 (0.70) 0.01 (0.19) 0.01 (0.15) 

Manual 0.48 (0.53) 0.38 (0.50) 0.38 (0.87) 0.01 (0.07) 0.00 (0.05) 

Instrument-

assisted 

0.60 (0.68) 0.62 (0.76) 0.62 (0.90) 0.00 (0.08) 0.00 (0.16) 

Table 2. Percentage of change for skin conductance from baseline measures [median (interquartile range)] 
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Intervention Group Post-intervention period 

percentage of change from 

baseline (%) 

Final rest period 

percentage change from 

baseline (%) 

Control -2.07 (1.97) -4.41 (18.35) 

Placebo 22.56 (47.24)* 15.15 (46.22) 

Manual 44.96 (32.69)* 22.77 (37.54) 

Instrument-assisted 49.71 (115.52)* 48.36 (86.00)* 

*significantly different from the control groups, adjusted sig. <0.05

All participants complete the study with no reports of medical problem, discomfort, or 

adverse reaction. 

Discussion 

This study investigated the electromyographic activity of bilateral upper trapezius and 

biceps brachii and sympathetic nervous system immediately after manual and 

instrument-assisted cervical manipulation in asymptomatic subjects. Our hypotheses 

were not confirmed, as the main findings indicate that cervical manipulation did not 

induce i) significant changes in electromyographic activity of upper trapezius or biceps 

brachii muscles nor ii) a higher change in skin conductance per comparison to the 

placebo manipulation. 

Effects on electromyographic activity 

The literature is not consensual about the potential effect of the spinal manipulation on 

resting electromyographic activity, even in asymptomatic subjects. Manual 
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manipulation (J. Dunning & Rushton, 2009; Grindstaff et al., 2009) immediately 

increased resting electromyographic activity of biceps brachii and quadriceps, 

respectively, and instrument-assisted manipulations (Nougarou et al., 2013) produced 

an immediat increase of the resting electromyographic activity of paraspinal muscles. 

These muscle activations quickly attenuated (as soon as 500 milliseconds after spinal 

manipulation), suggesting a short-term activation of spinal somatosensory receptors, 

also indicating that the generated response affects multiple segments bilaterally(J. G. 

Pickar & Bolton, 2012). On the other hand, spinal manipulation produced no change in 

electromyographic activity in subjects with thoracic pain (Fryer et al., 2017) or even 

acutely reduced abnormal electromyographic activity in subjects with chronic low back 

pain (Bicalho et al., 2010). Another study failed to show significant changes in the 

electromyographic activity at rest after cervical manipulation (Galindez-Ibarbengoetxea 

et al., 2017). 

The site of the effect – local or widespread – is also controversial. In one study (de 

Camargo et al., 2011), the manipulation at C5/C6 level in participants with mechanical 

neck pain produced a small increase of the deltoid electromyographic activity, which is 

a non-spinal muscle, but is enervated by that spinal level. Other study (Herzog et al., 

1999) found a non-local reflex response which spread to different muscles beyond the 

site of the spinal manual manipulation level, whereas others authors (B. P. Symons, 

Herzog, Leonard, & Nguyen, 2000) found a local and ipsilateral reflex response to an 

instrument-assisted manipulation. 

Pagé et al (Pagé, Nougarou, Dugas, & Descarreaux, 2014) found that decreasing the 

impulse duration of spinal manipulation, delivered by a servo-controlled linear actuator 

motor, results in a linear increase in electromyographic response of thoracic paraspinal 
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muscles during and following spinal manipulation, in asymptomatic subjects. However, 

this effect was quickly attenuated, in the 500 milliseconds post manipulation (Pagé et 

al., 2014). In our study, we did not measure the impulse duration of the different 

techniques; nonetheless, no differences were detected between manual and instrument-

assisted manipulation, despite the duration of impulse is much lower in the instrument-

assisted manipulation than in the manual manipulation. 

The proposed neurophysiologic mechanism explaining the electromyographic reaction 

to spinal manipulation involves activation of the mechanoreceptors in the 

zygapophyseal joint capsule, spinal ligaments, intervertebral disc, cutaneous receptors, 

muscle spindles and golgi tendon organs within the muscle belly, and tendon of the 

associated muscles (Herzog et al., 1999; B. P. Symons et al., 2000). That alteration is 

thought to cause changes in motor neuron excitability levels with subsequent changes in 

muscle activity. However, to the best of our knowledge, this theory has not been proved 

yet. 

Effects on skin conductance  

The analysis of the sympathetic reaction to the spinal manipulation showed a 

sympathetic response to all the interventions compared to the control group. Perry et al. 

(Perry et al., 2011) reported that a percentage change in skin conductance (> 4.63%) is a 

meaningful change beyond that considered to be due to measurement error or external 

or systematic influence. The immediate change recorded in our study was substantially 

higher than that, irrespectively of the technique applied, including the placebo one.  

Main sources of artefacts related to skin conductance are gross body movements, 

speech, irregular breathing, and also outside influences such as ambient noise or other 

disturbing stimuli (Boucsein et al., 2012). Thus, we selected the supine position 
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throughout data collection, because the risk of artefacts was substantial if the 

mechanical-assisted manipulation was performed in prone, as it is usually done in 

clinics. Also, because the subjects and the investigator who collected the data were 

blind to the interventions, it was decided for all the procedures to be done with all the 

subjects in the same position. 

The literature indicates that changes in sympathetic nervous system activity are linked 

to central processing of pain and the instigation of hypoalgesia (J. E. Bialosky et al., 

2009); the dorsal peri-acqueductal grey area, located in the mid brain is, in part, 

instrumental in evoking this mechanism. It was found that the peri-acqueductal and 

dorso-lateral prefrontal cortex (emotions centre) can be selectively activated during 

anticipation of an “event”, triggering opioid release within the brain-stem, thus 

modulating pain perception (Wager et al., 2004). It is possible that the expectation of 

receiving a spinal manipulation technique might constitute just such an “event” and be 

powerful enough to result in the cascade of central processing responses that may be 

responsible for the increase in skin conductance recorded immediately after the placebo 

technique. The subjects from our study were asymptomatic, and that may have 

contributed to the lack of an effect significantly different from the placebo group and 

after the ten-minute post manual manipulation, as it was reported that patients with low 

back pain had an almost three-fold increase of skin conductance after the spinal 

manipulation compared to an asymptomatic group (Perry et al., 2015). 

A limitation of the present study was the use of asymptomatic subjects. However, it was 

considered important to first evaluate the effects of different spinal manipulations in 

pain-free subjects and provide some normative data for future clinical studies. Another 

limitation was the small sample size, although most studies in this field have used 
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similar sample sizes (Jowsey & Perry, 2010; Moutzouri et al., 2012; Perry et al., 2015). 

Our results highlight the power of the placebo effect that clinicians should not neglect 

and continue studying. The way these results translate to a symptomatic population 

remains unknown. Thus, future studies could include symptomatic subjects and 

investigate if there is any relation between those sympathetic reactions and any possible 

changes in pain or function.    

 

 

Conclusion 

The present study showed no effects on electromyographic activity of upper trapezius or 

biceps brachii after manual or instrument-assisted manipulation at the C3/C4 spinal 

level in asymptomatic subjects. Both cervical manipulations and placebo induced a 

similar skin conductance effect. Cervical manipulations, manual or instrument-assisted, 

did not increase skin conductance more than placebo in the upper limbs of 

asymptomatic subjects. 
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Abstract 

Objective: To investigate the effects of a multisession regime of manual and 

instrument-assisted cervical manipulation on pain, disability, perception of change, and 

muscle activity in subjects with mechanical neck pain. 

Methods: Thirty-two subjects with mechanical neck pain were randomly assigned to 

four groups, in a double-blind, randomized, placebo-controlled study. Two groups 

received 3 sessions of cervical (C3/C4) manipulation, one group manual and other 

instrument-assisted, a third group received 3 sessions of a sham manipulation and a 

fourth group served as a control. Subjects self-reported pain, pressure pain thresholds, 

neck disability, patient perception of change, electromyographic activity and 

myotonometer parameters (tonus, stiffness and elasticity) of upper trapezius and biceps 

brachii were measured at baseline, immediately after the first session and 15 days after 

the end of the intervention. 

Results: Immediately after the first session, a significantly higher decrease in 

electomyographic activity of both upper trapezius was observed in the manual group in 

comparison to the other three groups (p<0.05). After the end of the intervention, the 

percentage of changes in visual analogue scale score, Neck Disability Index, and Patient 

Global Perception of Change score were significantly higher in the manual group in 

comparison with the other groups (p<0.05). No between group differences were 

observed in the percentage of changes in electromyographic activity, tonus, stiffness 

and elasticity of the four muscles, at the end of the intervention. 

Conclusions: Three sessions of C3/C4 manual manipulation improved pain and 

disability in subjects with neck pain. 

Keywords: Spinal Thrust; Perception of Change; Muscle Parameters; Neck Pain.  
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Introduction 

Nonspecific neck pain, typically localized in the posterior neck between the superior 

nuchal line and the spinous process of the first thoracic vertebra (Hoving et al., 2001), is 

the 4th condition with highest disability (Hoy et al., 2014). Based on its cost-

effectiveness and clinical results when combined with home exercise and advice 

compared to traditional approaches (Leininger et al., 2016) and certain medications 

(analgesics and non-steroidal anti-inflammatory drugs) (Gross et al., 2015), current 

guidelines recommend spinal manipulation for neck pain (Blanpied et al., 2017). Spinal 

manipulation has been shown to improve patient self-reported pain and disability at 

short and long-term level in subjects with acute and subacute neck pain (Bronfort et al., 

2012). Moreover, patient satisfaction seems to be higher in those receiving spinal 

manipulation as part of their treatment (Hurwitz, 2012), possibly due to the short-term 

analgesic effects of a single manipulation (R A Coronado, Bialosky, & Cook, 2010; 

Leaver, Refshauge, Maher, & McAuley, 2010). Spinal manipulation increases pressure 

pain thresholds at the site of manipulation (R. A. Coronado et al., 2012; de Camargo et 

al., 2011) and maybe also at sites not related to the site of manipulation (R. A. 

Coronado et al., 2012). An effect widespread and observed at sites not related to the 

level of manipulation raises the question whether spinal  manipulation should be applied 

at the specific level, or could be applied in a non-specific spinal level, without a 

previous clinical examination of motion restriction (de Oliveira et al., 2013). 

Despite a single treatment session using cervical or thoracic manipulation lead to short-

term analgesic effects (R A Coronado et al., 2010; Leaver et al., 2010), it could be not 

enough to achieve clinically relevant changes on neural mechanosensitivity in cases of 

non-specific mechanical neck pain (Bautista-Aguirre et al., 2017). In fact, a meta-
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analysis reported that several studies do not relate the change in experimental pain 

sensitivity responses to a meaningful change in clinical outcomes (R. A. Coronado et 

al., 2012). The study of neurophysiological responses to spinal manipulation is essential 

to further our understanding of why this approach is effective; however, the gold 

standard for determining whether spinal manipulation is effective is patient self-report 

(Robinson, Staud, & Price, 2013). 

Spinal manipulation can be done manually or instrument-assisted. While some authors 

state that  manual manipulation induces better short-term results in self-reported 

disability and pain (Michael Schneider et al., 2015), others found no differences 

between these two interventions (Tiffany Huggins et al., 2012).  

This study aims to assess the short and medium-term effects of a pre-selected spinal 

level manual and instrument-assisted cervical manipulation on pain, neck disability, 

patient perception of change, muscle activity and myotonometer parameters (tonus, 

stiffness and elasticity) in subjects with mechanical neck pain. By assessing regions 

related and not related to the level manipulated this study aims also to determine 

whether the effects of manipulation are region-specific or widespread.  

 

Methods 

Study design, randomization and implementation 

A double-blind, randomized controlled study with 2 intervention groups (manual or 

instrument-assisted manipulation), one control group and one placebo group was 

conducted. Subjects were randomly (block randomization, 1:1:1:1) allocated to 1 of 4 

groups using the software Randomizer (www.randomizer.org). The intervention groups 

were exposed to a 3-week intervention period with a frequency of one manipulation per 

http://www.randomizer.org)/
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week. All participants and examiners were blinded to treatment group, with exception 

of the therapist that applied the manipulation. Participants were evaluated at baseline, 

immediately after the first session and 15 days after the end of the intervention. 

Participants 

Fifty-four subjects were assessed for eligibility, 32 met the inclusion criteria and 

volunteered to participate in this study (Figure 1). The sample was composed by 

subjects with nonspecific neck pain, with a minimum of 18 years of age, and current 

neck pain of 2 to 12 weeks’ duration (Bronfort et al., 2012). Exclusion criteria: history 

of surgery and/neck trauma, current use of anticoagulant therapy, osteoporosis, 

fibromyalgia, visual disturbances, dizziness, and/or vertigo, received manipulative 

therapy in the last year, pregnancy, cancer, intake of analgesic, muscle relaxant or anti-

inflammatory drugs in the last week, or any other contra-indication to spinal 

manipulation (Hutting et al., 2018). Subjects were asked to refrain from seeking 

additional treatment for neck pain during the study. Subjects were not paid for 

participation and all provided written informed consent and all procedures were 

conducted according to the Declaration of Helsinki. The study was approved by the 

Ethics Committee of (Blinded for review) (ref. nº 1416/2014). 
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Figure 1. Flow Diagram depicting the study design. 

 

 

Neck Disability  

Disability was assessed at baseline and 15 days after the third session using the Neck 

Disability Index (McCarthy, Grevitt, Silcocks, & Hobbs, 2007). This index contains 7 

items related to activities of daily living, 2 related to pain, and 1 related to concentration 

(Cleland, Childs, & Whitman, 2008; H Vernon, 2008; Wainner et al., 2003). Each item 

is scored from 0 to 5, and the total score is 50, with higher scores corresponding to 

greater disability. This instrument presents good reliability (ICC=0.95; 95% CI=0.924-

0.968), minimum detectable change was identified in 12.75 points and the minimal 

clinically important difference in 5.5 points (Macdermid, Walton, & Avery, 2009; 

McCarthy et al., 2007). 

 

 



79 

Patient’s Impression of Change 

Impression of change was assessed 15 days after the end of the intervention with the 

Patient Global Impression of Change Scale. This instrument consists of a self-

evaluation by the patient of his or her overall change since the beginning of the 

treatment rated on a seven-point scale (1 - no change to 7 - very much improved). It is a 

valid instrument for evaluating patients’ perceptions of their improvement and 

satisfaction with the treatment (Domingues & Cruz, 2011). 

Assessment of the muscle mechanical properties – tone, elasticity and stiffness 

Before and after the first intervention, and 15 days after the end of the intervention, the 

muscle mechanical properties – tone, elasticity and stiffness – of both upper trapezius 

and biceps brachialis were measured with a handheld mechanical impulse-based 

myotonometric device (MyotonPro, Myoton AS, Tallinn, Estonia). It provides measures 

of (i) muscle tone in resting state, which is indicated by the oscillation frequency (Hz); 

(ii) elasticity, which represents the capacity to recover the muscle shape after a 

contraction, indicated by the logarithmic decrement (D log) of a muscle’s natural 

oscillation; and (iii) stiffness (N/m), i.e. the muscle resistance to changes in muscle 

shape. The subjects were positioned in a sitting position on a chair, with both forearms 

supported by a pillow, relaxed and in supination, and the elbows in a flexed position 

(90º). To standardize the neck position for all the assessments, the subjects were asked 

to focus their visual attention, at eye level, on a fixed mark on the wall located 2 m 

away (Viir et al., 2006). For biceps, the measurement was made in the mid-way point 

between the anterior aspect of the lateral tip of the acromion and the medial border of 

the cubital fossa (Agyapong-Badu et al., 2013). For the trapezius, the measurement 
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point was the middle of the upper trapezius muscle belly, half way from the acromion to 

the 7th cervical spinal process (Liu et al., 2018). Three consecutive measurements on 

both sides, in multi-scan mode comprising 10 mechanical taps one second apart, were 

performed and the average of tone, elasticity and stiffness was taken for analysis. 

Myotonometer measurements of muscle stiffness are highly correlated to superficial 

electromyographic changes in healthy adult subjects (Leonard et al., 2004). This device 

has proven to be valid and reliable in the assessment of upper trapezius (Liu et al., 

2018) and biceps brachii muscles (Bailey et al., 2013). 

 

Pain  

Pain was assessed at baseline, immediately after the first session and 15 days after the 

end of the intervention. Pain intensity was assessed using the visual analogue scale 

(VAS, 0–10 cm). The subjects were asked to rate their pain intensity in the moment by 

placing a mark on the scale, placed horizontally, labelled in the extremes with ‘‘least 

possible pain’’ and ‘‘worst possible pain’’. The distance between ‘‘least possible pain’’ 

and the subject’s mark, was set as the scale score (Martinez, Grassi, & Marques, 2011; 

Williamson & Hoggart, 2005). This scale presents an excellent reliability with ICC 

ranging between 0.97 and 0.99 (Williamson & Hoggart, 2005) and exhibit a minimal 

clinically important difference of 0.8 cm in subjects with nonspecific neck pain 

(Lauche, Langhorst, Dobos, & Cramer, 2013).  

Pressure pain threshold was measured using a Force One FDIX (Wagner Instruments, 

Greenwich CT, USA) by well-trained examiners in 3 trials. It has been demonstrated 

that trained observers can apply an algometer at a consistent rate and provide highly 

reliable measures of pressure pain threshold in healthy humans [ICC=0.91 (95%CI, 
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0.82, 0.97)], when pressure pain threshold is calculated as the mean of 3 trials 

(Chesterton et al., 2007). The subjects were positioned in the same position as for the 

myotonometer assessments (Viir et al., 2006). In  the first session, the subjects received 

three ‘practice’ measurements on the dorsal aspect of their hand before testing began, in 

order to guarantee that all subjects understand the evaluation (Thomson et al., 2009). 

Before the procedure, subjects were asked to notify the examiner the moment the 

sensation of pressure changed to pain. Then, the instrument was placed over the 

assessment point, with an angle of 90°, using a 1 cm2 tip and then pressure was 

increased at a rate of 1 kg/cm2 per second until the subject referred the beginning of 

sensation of pain (i.e. the subject reported to the examiner that the sensation of pressure 

changed to pain). The test was then stopped, and the results recorded. 

Pressure pain perception at a given pressure was quantified using the visual analogue 

scale. The procedures and the assessment points were the same as for pressure pain 

threshold, but the pressure was increased until 2.5 kg/cm and then maintained for 5 

seconds. After the 5-second period, the subject classified the level of pain using the 

VAS (Oliveira-Campelo et al., 2013). Both procedures were performed 3 times and 

included a 30-second rest period between tests. The average of the 3 tests was taken for 

analysis. 

Muscle activity - Electromyographic collection 

The electromyographic activity of bilateral upper trapezius and biceps brachii muscles 

was assessed at baseline, immediately after the first session and 15 days after the third 

session. 
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The electromyographic activity was recorded using the MP 150 Workstation model 

from Biopac Systems, Inc. (Santa Barbara, CA, USA) and collected using a bipolar 

surface-active electrode with 20 mm center-to-center inter-electrode distance 

(TSD150B, Biopac Systems, Inc.). The electromyographic signal was collected at 1000 

Hz, pre-amplified at the electrode site and then fed into a differential amplifier with 

adjustable gain setting (12–500 Hz; Common Mode Rejection Ratio: 95 dB at 50 Hz 

and input impedance of 100 MX). The gain range used was equal to 1000. The signal 

was analysed with the accompanying Acknowledge software version 3.9.0 

(BiopacSystems Inc, Goleta, CA, USA). Previously to the application of electrodes, the 

skin was shaved and then cleaned with exfoliant gel and alcohol. Subsequently, skin 

impedance was measured using an Impedance Checker (Biopac Systems Inc; Santa 

Bárbara, CA, USA), and values between 2 kΩ and 5 kΩ were accepted (Hermens et al., 

2000). The electrodes were placed bilaterally over upper trapezius and biceps brachii. 

For the upper trapezius, the electrodes were placed in the middle distance between the 

acromion and spinal process of the C7, whereas for the biceps brachii, the electrodes 

were placed at 1/3 of the distance between the cubital fossa and the acromion. A ground 

electrode (Dahlhausen®, Köln, Germany) was positioned over the olecranon. All 

electrodes were fixed with anti-allergic adhesive tape in order to reduce motion-induced 

signal artefacts (Motealleh et al., 2016). 

Subjects were positioned supine on a plinth with their lower limbs straight and head and 

neck in a neutral position. In order to limit movement of the upper limbs during data 

collection, the subjects’ arms rested on the plinth with the elbows bent at 90° and 

fingers interlocked over the abdomen (J. Dunning & Rushton, 2009). A ten-minute 

period was initially established to stabilize the electromyographic signal. Subjects were 
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asked to stay in supine position as relaxed as possible and were instructed not to sleep, 

take deep breaths, cough or sneeze, talk, fidget with the sensors, or move. The position 

of the computer screen was changed, so that neither the subject nor the examiner could 

receive any visual feedback of his or her electromyographic activity. This procedure 

reinforces the blinding of the subjects and the examiner who applied the techniques. In 

the ten-minute pre-intervention period, data was collected in the two last minutes 

(baseline) (Jowsey & Perry, 2010; Perry et al., 2011), and the data continued being 

recorded ten minutes after the end of the intervention. The electromyographic activity of 

upper trapezius and biceps brachii during maximum voluntary isometric contraction 

were performed to electromyographic data normalization (Motealleh et al., 2016). The 

room temperature was keep constant, and all personal was instructed to maintain silence 

(Moutzouri et al., 2012; Perry et al., 2011). 

The order of the assessment before the interventions was the myotommeter parameters, 

the algometer and then the electromiographic activity. After the intervention the order 

was the electromyographic activity, the myotommeter and then the algometer. 

Interventions 

Each subject received three sessions in three weeks, which was similar to other studies 

showing positive results with a small number of intervention sessions (Puentedura et al., 

2011; Saayman, Hay, & Abrahamse, 2011). All the procedures in this study were 

applied over C3/C4 spinal level, and not over the segment where some dysfunction or 

restriction could be found. 
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Manual Manipulation 

The subjects were positioned in supine with the cervical spine in a neutral position. The 

therapist used manual palpatory procedures to identify C3, as recommended (Gadotti & 

Magee, 2013). The index finger of the therapist contacted over the posterolateral aspect 

of the zygapophyseal joint of the right side of C3 vertebra. The subject's head was 

supported with the other hand of the therapist. Slight ipsilateral side flexion and 

contralateral rotation were introduced until tension was perceived in the tissues at the 

contact point. A high-velocity, low-amplitude thrust manipulation was directed upward 

and medially in the direction of the subject's contralateral eye. The therapist monitored 

for an audible cavitation accompanying the manipulations. If the audible cavitation was 

not noted during the first manipulative attempt, subjects were repositioned, and the 

procedure was repeated a second time. A maximum of 2 attempts were performed on 

each subject (J. R. Dunning et al., 2012; Fernández-Carnero et al., 2011). The therapist 

had 20 years’ active spinal manipulation and physiotherapy experience. 

Instrument-Assisted Manipulation 

The instrument-assisted manipulation was applied using a handheld Activator IV 

Adjusting Instrument (AAI 4, Activator Methods International, Ltd, Phoenix, Ariz). All 

instrument assisted manipulations were administered using an Activator IV instrument 

on a setting of “2” (i.e., applying a peak force of 121 N) from a 1 to 4 scale, to reduce 

the peak forces applied to the cervical region (Gorrell et al., 2016). In order to make this 

application possible in supine position, the subject’s head was supported by a height-

adjustable seat, regulated to the same height of the table, and with a gap between the 

table and the seat, to allow the investigator to apply the technique, assuring the subject´s 



85 

security and comfort.. Contacts were made firm enough to prevent slipping of the 

rubber tip, but not so firm as to load the spring, in consistence with the clinical use of 

the instrument. The spring was then loaded by the instrument’s trigger mechanism, and 

the impulse was delivered in an anterosuperior direction, over the posterolateral aspect 

of the vertebra on the right lamina-pedicle junction of C3. 

Sham Procedure and Control 

The sham manipulation was administered with the same components as for the manual 

manipulation; however, once the barrier was engaged in the pre-manipulative position, 

the head was re-positioned to neutral with no thrust applied (J. Dunning & Rushton, 

2009). 

The subjects from control group were positioned supine and they received no manual 

contact. 

Statistical Analysis 

Statistical analysis was performed using IBM SPSS statistics version 21.0 (IBM 

Corporation, Chicago, IL, USA). The normality of the data was tested with the Shapiro-

Wilk test and all data was normally distributed. The data was expressed as mean ± 

standard deviation. The percentage changes in outcomes from baseline to immediately 

post-intervention and baseline to 15 days post-intervention was calculated as follows: 

(post-intervention value − baseline value)/baseline value × 100. The Chi-square test was 

used for comparisons between groups in nominal data. One-way ANOVA was used to 

compare groups at baseline and the percentage of change between groups, and post hoc 
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comparisons were performed using Bonferroni tests. A p-value of ≤ 0.05 was 

considered statistically significant. 

 

 

Results 

The sample was composed by 32 subjects, with 7 subjects in the control group (7 

women; 22.0 ± 2.0 years old), 8 in the placebo group (8 women; 21.8 ± 0.9 years old), 9 

in the manual manipulation group (8 women and 1 men; 22.0 ± 1.3 years old), and 8 in 

the mechanical assisted manipulation group (6 women and 2 men; 22.4 ± 1.2 years old). 

The groups were similar regarding age (F(3,31) = 0.279, p = 0.840) and sex distribution 

(χ2 = 3.883, p = 0. 274), as well as in Visual Analogue Scale, disability (neck disability 

index), pressure pain threshold, pain pressure perception, electromyographic activity 

and tone, elasticity and stiffness of the trapezius and biceps at baseline (Table 1). 
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Table 1. Baseline comparison between groups 

Manual Placebo 
Instrument-

assisted 
Control P value 

VAS (cm) 3.38 ± 1.08 4.00 ± 1.19 4.15 ± 0.87 3.94 ± 1.04 0.789 

NDI (score) 10.50 ± 4.56 10.13 ± 3.56 12.25 ± 3.41 11.86 ± 3.44 0.643 

Pressure pain threshold (kg/cm2) 

right upper trapezius 3.30 ± 0.91 2.75 ± 0.72 3.20 ± 0.70 3.01 ± 0.65 0.485 

left upper trapezius 3.20 ± 0.75 2.60 ± 0.63 3.15 ± 0.77 3.06 ± 0.56 0.292 

right biceps brachii 2.47 ± 0.49 2.54 ± 0.59 2.27 ± 0.59 2.50 ± 0.52 0.397 

left biceps brachii 2.34 ± 0.34 2.19 ± 0.69 2.22 ± 0.62 2.43 ± 0.57 0.836 

Pain pressure perception (cm) 

right upper trapezius 2.97 ± 2.19 4.03 ± 1.80 3.99 ± 1.22 3.00 ± 1.56 0.448 

left upper trapezius 3.20 ± 1.79 4.50 ± 2.37 3.96 ± 1.16 3.10 ± 1.75 0.386 

right biceps brachii 3.88 ± 2.37 4.68 ± 1.82 4.27 ± 1.23 3.34 ± 1.59 0.730 

left biceps brachii 4.04 ± 2.39 4.60 ± 2.38 4.25 ± 1.31 3.28 ± 1.64 0.642 

EMG activity (mv) 

right upper trapezius 
7.22x104 ± 

0.35x104 

7.21x104 ± 

0.31x104 

7.73x104 ± 1.07 

x104 

7.44 x104 ± 

1.14x104 
0.526 

left upper trapezius 
7.21 x104 ± 0. 

44x104 

7.28x104 ± 

0.39x104 

7.51 x104 ± 0.69 

x104 

7.31x104 ± 

0.58x104 
0.692 

right biceps brachii 
6.41x104 ± 0.19 

x104 

6.31x104 ± 

0.17x104 

6.54x104 ± 

0.50x104 

6.87x104 ± 

0.74x104 
0.105 

left biceps brachii 
6.30x104 ± 0.19 
x104 

6.27x104 ± 
0.21x104 

6.43x104 ± 0.19 
x104 

6.36x104 ± 
0.24x104 

0.487 

Muscle Properties 

Tone (Hz) 

right upper trapezius 18.15 ± 0.72 17.35 ± 1.31 16.18 ± 1.47 16.30 ± 2.70 0.083 

left upper trapezius 17.60 ± 1.87 17.81 ± 0.96 16.71 ± 1.81 16.61 ± 2.67 0.496 

right biceps brachii 11.37 ± 0.57 11.34 ± 0.62 11.23 ± 0.67 10.71 ± 0.51 0.148 

left biceps brachii 11.64 ± 0.61 11.41 ± 1.06 11.49 ± 0.78 10.87 ± 1.21 0.411 

Elasticity (D Log) 

right upper trapezius 1.11 ± 0.12 1.13 ± 0.15 1.09 ± 0.11 1.05 ± 0.11 0.614 

left upper trapezius 0.98 ± 0.07 1.08 ± 0.12 1.09 ± 0.13 1.08 ± 0.12 0.149 

right biceps brachii 1.28 ± 0.10 1.39 ± 0.25 1.28 ± 0.20 1.31 ± 0.26 0.699 

left biceps brachii 1.32 ± 0.17 1.31 ± 0.29 1.29 ± 0.17 1.30 ± 0.19 0.995 

Stiffness (N/m) 

right upper trapezius 359.25 ± 32.78 334.75 ± 56.02 364.38 ± 32.18 338.29 ± 50.95 0.509 

left upper trapezius 337.25 ± 55.72 354.62 ± 47.42 364.00 ± 45.17 346.86 ± 45.97 0.674 

right biceps brachii 170.00 ± 18.38 173.50 ± 18.55 185.00 ± 11.01 180.14 ± 17.13 0.269 

left biceps brachii 181.75 ± 16.59 171.25 ± 17.13 187.75 ± 15.91 181.00 ± 18.49 0.284 

Legend: VAS, visual analogue scale; NDI, neck disability index; PGIS, patient global impression of 

change scale; EMG, electromyographic activity. 
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Immediate effects (single session) 

No between group differences were observed in the percentage of changes in Visual 

Analogue Scale (Figure 2), pressure pain threshold (Figure 3) and pain pressure 

perception (Figure 4), after the first session.  

 

Figure 2. Immediate (baseline-post 1st session) and mid-term (baseline-after intervention) 

effects of the interventions in Visual Analogue Scale (EVA), neck disability index (NDI) and 

patient global impression of change scale. 
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Significant differences between groups were observed in the percentage of changes in 

right and left upper trapezius electromyographic activity from baseline to immediately 

after the first spinal manipulation (F(3,31)=26.635, p<0.001; F(3,31)=33.727, p<0.001, 

respectively) and from baseline to 10 min after the first treatment session (F(3,31)=5.159, 

p=0.006; F(3,31)=12.132, p<0.001, respectively) (Table 2). For the upper trapezius the 

decrease in the manual group was significantly higher at both immediately and 10 min 

after the first session compared to placebo [mean difference (95%CI), -11.1 (-15.6 to 

6.6)%, p<0.001; -7.8 (-14.2 to -1.4)%, p=0.010, respectively], instrument-assisted 

manipulation [only immediately after, mean difference (95%CI), -12.5 (-17.0 to -7.9)%, 

p<0.001] and control [mean difference (95%CI), -10.7 (-15.4 to -6.0)%, p<0.001; -7.5 (-

14.1 to -0.9)%, p=0.020, respectively] groups. In the left upper trapezius the 

electromyographic activity, the decrease in manual group was also higher at both 

immediately and 10 min after the first session compared to placebo [mean difference 

(95%CI), -11.6 (-15.6 to -7.6)%, p<0.001; -6.9 (-11.7 to -2.2)%, p=0.002, respectively], 

instrument-assisted manipulation [mean difference (95%CI), -11.5 (-15.5 to -7.5)%, 

p<0.001; -5.6 (-10.3 to -0.8)%, p=0.014, respectively] and control [mean difference 

(95%CI), -11.6 (-15.7 to -7.4)%, p<0.001; -10.0 (-14.9 to -5.1)%, p<0.001, respectively] 

groups (Table 2). 
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Table 2. Between groups comparison of the percentage of change from baseline to the 

end of the first session in electromyographic activity and muscle properties. 

 Manual Placebo 
Instrument-

assisted 
Control P value 

EMG activity (%) immediately after first manipulation 

right upper trapezius -10.90 ± 3.10* 0.19 ± 2.99 1.54 ± 4.14 -0.24 ± 2.62 <0.001 

left upper trapezius -11.08 ± 2.89* 0.53 ± 2.32 0.40 ± 4.05 0.48 ± 1.79 <0.001 

right biceps brachii 1.19 ± 5.65 0.79 ± 1.47 2.82 ± 5.49 -0.45 ± 2.73 0.541 

left biceps brachii -0.33 ± 4.09 0.41 ± 1.43 3.54 ± 4.86 -0.21 ± 1.70 0.104 

EMG activity (%) 10 minutes after first manipulation 

right upper trapezius -8.48 ± 3.19** -0.68 ± 1.60 -3.13 ± 3.99 -0.98 ± 8.05 0.006 

left upper trapezius -8.75 ± 2.78* -1.81 ± 3.09 -3.17 ± 3.91 1.25 ± 3.97 <0.001 

right biceps brachii -1.37 ± 1.80 0.59 ± 1.19 -2.01 ± 5.32 -4.11 ± 9.91 0.427 

left biceps brachii  -0.35 ± 1.32 -0.59 ± 1.18 2.88 ± 3.50 4.07 ± 8.02 0.090 

Muscle Properties 

Tone (%) 

right upper trapezius -5.73 ± 14.60 0.28 ± 6.63 -5.57 ± 3.77 0.83 ± 2.51 0.284 

left upper trapezius 1.57 ± 10.21 -0.48 ± 7.40 -3.73 ± 2.69 -2.05 ± 4.86 0.476 

right biceps brachii 0.21 ± 4.61 -1.60 ± 2.99 0.22 ± 3.46 0.40 ± 1.85 0.629 

left biceps brachii 1.95 ± 7.83 0.49 ± 4.11 -1.05 ± 4.96 1.43 ± 1.91 0.687 

Elasticity (%) 

right upper trapezius 2.58 ± 16.80 0.16 ± 8.17 4.08 ± 14.47 0.67 ± 8.05 0.924 

left upper trapezius -2.08 ± 13.52 -4.00 ± 9.88 3.85 ± 14.59 1.25 ± 9.62 0.588 

right biceps brachii 9.01 ± 19.66 -5.23 ± 12.25 -2.89 ± 8.31 2.20 ± 2.65 0.131 

left biceps brachii 6.82 ± 12.80 3.17 ± 12.36 1.20 ± 5.66 -2.49 ± 4.08 0.314 

Stiffness (%) 

right upper trapezius -1.79 ± 8.13 -4.57 ± 7.90 -4.11 ± 5.02 0.23 ± 1.83 0.455 

left upper trapezius 1.55 ± 16.21 -4.70 ± 13.54 -4.84 ± 5.73 -0.96 ± 2.14 0.607 

right biceps brachii -1.46 ± 7.79 -4.09 ± 4.33 2.03 ±4.31 0.38 ± 1.83 0.137 

left biceps brachii 0.10 ± 6.40 4.88 ± 6.91 -0.36 ± 5.38 0.32 ± 3.41 0.253 

* significantly different from the other 3 groups, p<0.05; ** significantly different than placebo and 

control groups, p<0.05. Legend: EMG, electromyographic activity. 

 

 

Mid-term effects 

The percentage of changes in Visual Analogue Scale from baseline to the last evaluation 

was significantly different between groups (F(3,30)=12.073, p=0.001); the change in the 

manual manipulation group was significantly higher than control [mean difference 

(95%CI), -70.5 (-114.6 to -26.4)%, p=0.001], instrument-assisted manipulation [mean 
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difference (95%CI), -53.3 (-91.0 to -15.5)%, p=0.003], and placebo [mean difference 

(95%CI), -42.0 (-79.8 to -4.2)%, p=0.023] group (Figure 2). The change in the Neck 

Disability Index score was statistical significantly different between groups 

(F(3,30)=9.771, p=0.001). The change in the manual manipulation group was higher than 

control [mean difference (95%CI), -56.2 (-90.4 to -22.0)%, p=0.001], instrument-

assisted manipulation [mean difference (95%CI), -53.4 (-86.5 to -20.4)%, p=0.001] and 

placebo [mean difference (95%CI), -40.6 (-73.6 to -7.5)%, p=0.003] groups (Figure 2). 

Figure 3. Immediate (baseline-post 1st session) and mid-term (baseline-after 

intervention) effects of the interventions in pressure pain threshold. 
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Fifteen days after the end of the intervention, statistically significant differences 

between groups were found in the Patient Global Impression of Change Scale 

(F(3,31)=11.594, p<0.001). The manual manipulation group showed a higher score than 

control [mean difference (95%CI), 2.6 (1.1 to 4.0)%, p<0.001], instrument-assisted 

manipulation [mean difference (95%CI), 2.2 (0.8 to 3.6)%, p=0.001] and placebo [mean 

difference (95%CI), 2.2 (0.8 to 3.6)%, p=0.001] groups (Figure 2). 

 

 

 

Figure 4. Immediate (baseline-post 1st session) and mid-term (baseline-after 

intervention) effects of the interventions in pressure pain perception. 
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manipulation groups, but not to the placebo group in both upper trapezius and biceps 

brachii. 

No between group differences were observed in the percentage of changes in 

electromyographic activity, tonus, stiffness and elasticity in all muscles (Table 3). 

Table 3. Between groups comparison of the percentage of change from baseline to 15 

days after the third session in electromyographic activity and muscle properties. 

Manual Placebo 
Instrument-

assisted 
Control P value 

EMG activity (%) 

right upper trapezius -3.54 ± 1.98 -1.37 ± 2.52 -7.63 ± 5.51 -0.23 ± 14.16 0.226 

left upper trapezius -3.05 ± 1.60 -0.13 ± 1.84 -3.20 ± 9.19 0.59 ± 7.07 0.453 

right biceps brachii -1.00 ± 2.59 -0.58 ± 3.16 -1.90 ± 7.37 -8.15 ± 11.61 0.144 

left biceps brachii -0.18 ± 1.67 0.17 ± 2.65 4.51 ± 10.38 -2.09 ± 7.38 0.249 

Muscle Properties 

Tone (%) 

right upper trapezius 0.72 ± 6.17 -0.25 ± 9.22 -3.61 ± 2.44 -0.22 ± 0.68 0.465 

left upper trapezius 5.12 ± 9.35 -2.27 ± 10.45 -3.64 ± 1.57 -0.38 ± 1.00 0.088 

right biceps brachii 1.24 ± 5.99 -3.90 ± 3.88 -2.09 ± 1.70 -0.43 ± 1.51 0.066 

left biceps brachii -3.81 ± 6.93 -1.96 ± 4.50 -2.17 ± 2.79 -0.45 ± 1.46 0.554 

Elasticity (%) 

right upper trapezius 0.71 ± 12.60 -9.33 ± 8.96 5.54 ± 5.90 1.51 ± 5.77 0.059 

left upper trapezius 5.65 ± 11.19 -6.92 ± 14.34 4.59 ± 4.45 2.34 ± 6.18 0.067 

right biceps brachii 0.22 ± 10.09 -2.50 ± 11.30 1.41 ± 7.65 -1.08 ± 2.96 0.830 

left biceps brachii -1.54 ± 10.46 5.03 ± 15.58 0.97 ± 7.40 -0.27 ± 3.43 0.612 

Stiffness (%) 

right upper trapezius 3.15 ± 9.53 2.51 ± 20.35 -4.49 ± 6.61 1.22 ± 3.52 0.563 

left upper trapezius 7.38 ± 13.83 -4.78 ± 17.78 -5.40 ± 2.78 -3.13 ± 3.91 0.106 

right biceps brachii 4.43 ± 9.43 1.28 ± 8.67 -7.23 ± 8.98 -0.28 ± 7.80 0.052 

left biceps brachii -2.17 ± 8.98 1.64 ± 4.92 -8.94 ± 7.24 -1.42 ± 3.64 0.068 

Legend: EMG, electromyographic activity. 

All participants complete the study with no reports of medical problem, discomfort, or 

adverse reaction. 
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Discussion 

Our main results indicate that a 3-week manual manipulation intervention over a pre-

selected cervical level reduces pain and disability and induces a positive change in 

patient global impression of change in subjects with mechanical neck pain. We also 

found a local but bilateral decrease in electromyographic activity of upper trapezius, 

after the first session. 

Our results are in agreement with previous studies showing that a multisession program 

with manual manipulation reduces pain and improves function in both cervical 

(Bronfort et al., 2012) and lumbar regions (Michael Schneider et al., 2015) compared to 

pharmacological and instrument-assisted manipulation approaches, respectively. 

Although the pain relieving mechanism of spinal manipulation has not been determined, 

a review of current findings support that the activation of the descending inhibitory pain 

mechanism might play the most important role with regard to postmanipulation 

hypoalgesia (Savva, Giakas, & Efstathiou, 2014). It should be noted that in the present 

study positive results in pain and disability were found with a non-specific region 

manipulation, suggesting that the clinical effects occur regardless of a previous 

assessment of tender muscles or restricted spinal levels, as is usual in clinical practice 

and previous research (Fernández-Carnero et al., 2011; Gorrell et al., 2016; M. 

Schneider et al., 2015). Although only evaluated at a short term level, no differences 

were observed in pain intensity and pressure pain threshold between region-specific 

versus non–region-specific manipulation techniques in patients with chronic low back 

pain (de Oliveira et al., 2013).  

The results obtained at long-term level in cases of low back pain seem also to 

corroborate our results, since no differences were obtained between prescriptively 
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selected manipulation and a therapist-selected approach (Donaldson, Petersen, Cook, & 

Learman, 2016). It seems that the positive results observed were not necessarily related 

with the “correction of the vertebral dysfunction” but may be a result of the spinal 

manipulation itself. If this could be replicated, it could challenge the concept that a 

specific approach into the spinal segments would explain the reductions in pain 

intensity that are experienced by the patients.  

The pressure pain thresholds and pressure pain perception did not change immediately 

after the first session, but only after three sessions, and for the manual manipulation and 

placebo groups. The changes were present not only on upper trapezius, but also on both 

biceps brachii, showing some effect over muscles metameric and, also non-metameric 

related with the spinal level who suffer the intervention. However, as there was no 

difference in pressure pain thresholds between the manual manipulation and the placebo 

groups, we cannot assume that the effect occurred due to the manual manipulation. The 

results obtained in the placebo group could probably be related to a touch induced 

analgesia combined with the periarticular tension (Mancini, Nash, Iannetti, & Haggard, 

2014). As our placebo technique included human touch and pre-manipulative position, 

which include periarticular tension, it is possible that those components explain, at least 

partially, the results found in this group and not in the instrument-assisted manipulation 

group, where there were no human touch and the intervention was applied with the 

cervical in neutral position, as usual. Moreover, outcomes may not depend wholly on 

the type of treatment provided, but are also influenced by individual attitudes or beliefs 

regarding the treatment (Diener, Kargela, & Louw, 2016). These findings contradict the 

assumption of therapeutic equivalence between manual and instrumented-assisted 

manipulation.  
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The results obtained regarding muscle parameters indicate that manual manipulation 

induced a significantly reduction at short (immediate) term on muscle activity in right 

and left upper trapezius, hence showing a bilateral metameric-related effect. According 

to some authors, altered muscle activity of upper trapezius is related with neck pain 

(Falla, Bilenkij, & Jull, 2004; Szeto, Straker, & O’Sullivan, 2005). Greater activation of 

the cervical muscles in patients with neck pain may represent an altered pattern of 

motor control to compensate for reduced activation of painful muscles (Falla et al., 

2004). Our results are consistent with previous studies demonstrating transient time 

changes (Lehman, 2012), meaning that changes observed in pain and disability after the 

three sessions were not related with changes in electromyographic activity or in muscle 

mechanic parameters.  

Our study had some limitations such as the small sample size. Nonetheless, this study 

generated outcomes that can be used to determine the sample size in subsequent larger 

studies aiming to clearly ascertain the findings of this study. The results of this study are 

restricted at immediate and mid-term, as we only had 15 days of follow-up. However, it 

is not known whether these effects are maintained over a longer period of time. 

 

Conclusion 

Three sessions of pre-selected C3/C4 manual manipulation improved pain and disability 

in subjects with mechanical neck pain. Electromyographic activity of upper trapezius 

changed immediately after the first session, but not at the end of the intervention, so the 

changes in pain and disability were not related with changes in electromyographic 

activity or in muscle mechanic parameters. 
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Integrated Discussion 

The main outcomes of the research studies that composed this thesis, revealed 

that both manual and instrument-assisted manipulation produced an increase in 

pressure pain thresholds in a widespread way, over muscles metameric-related 

and non-metameric-related to the spinal level manipulated, in asymptomatic 

subjects. In subjects with mechanical neck pain, 3 sessions of a pre-selected 

cervical level of manual manipulation decreased pain and disability and 

produced a global perception of change. The electromyographic activity of right 

and left upper trapezius decreased only immediately after the first session of 

manual manipulation. 

To our knowledge, the study entitled “The acute effects of manual and 

instrument-assisted cervical spine manipulation on pressure pain threshold, 

pressure pain perception and muscle-related variables in asymptomatic 

subjects: a randomized controlled trial”, was the first study to evaluate the 

effects of two different spinal manipulations, manual versus instrument-assisted, 

in pressure pain thresholds and muscle properties over muscles with and 

without metameric relation to the cervical level manipulated. Our main result 

was the increase of pressure pain threshold observed in both manual and 

instrument-assisted manipulation groups. Our result was widespread, as the 

increase was bilateral, on both upper trapezius and biceps brachialis, at least in 

the manual group.  These results partially confirmed our hypothesis that manual 

and instrument-assisted spinal manipulation induce similar and widespread 

improvements in pain threshold, pain perception, and mechanical properties 

(tone, elasticity and stiffness) of muscles metameric-related and, also, of 

muscles non-metameric-related with the spinal level manipulated in 

asymptomatic subjects. 

Spinal manipulation produced immediate changes in pressure pain thresholds 

on muscles metameric-related and non-metameric-related with the spinal level 

where the manipulation was applied. Despite there were no differences in the 

percentage of changes between groups, the mean differences found in our 
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study in both manual and instrument-assisted manipulation groups are higher 

than the standard error of measurement (0.18 Kg/cm2) and the minimum 

detectable change (0.44 Kg/cm2) for pressure pain thresholds of the upper 

trapezius in asymptomatic subjects (Walton et al., 2011). Therefore, it seems 

likely that the difference observed in the manipulation groups represents factual 

changes. It is important to reinforce that this study had a control and a placebo 

groups and no differences were observed in this variable in none of these 

groups. 

Conversely, no changes occurred in the mechanical parameters of the same 

muscles in both asymptomatic and symptomatic subjects. We chose to use the 

Myoton, because myotonometric measurements of muscle stiffness are highly 

correlated to superficial electromyographic changes in healthy adults (Leonard 

et al., 2004). According to Lehman (Lehman, 2012), the state of muscle 

dysfunction ( e.g. palpably tender) may be a factor when determining changes 

in electromyographic activity following spinal manipulation; the lack of muscle 

dysfunction at baseline, at least in the participants of the first study, may, at 

least partially, justify the lack of results in this variable. Increased pain threshold 

without change in the intrinsic properties of the muscles, could suggest that the 

effect over pain is related to the trigger of a direct pain inhibition mechanism, 

rather than a secondary effect due to changes in muscle tone, elasticity, or 

stiffness.  

Regarding the acute effects of manual and instrument-assisted cervical 

manipulation in basal electromyographic activity, our results are not in complete 

disagreement with the current literature. Indeed, the literature is not consensual 

about the potential effect of the spinal manipulation on resting 

electromyographic activity in asymptomatic or symptomatic subjects. In 

asymptomatic subjects, manual manipulation (J. Dunning & Rushton, 2009; 

Grindstaff et al., 2009) immediately increased resting electromyographic activity 

of biceps brachii and quadriceps, respectively; in the same manner instrument-

assisted manipulation (Nougarou et al., 2013) produced an immediate increase 

of resting electromyographic activity of paraspinal muscles. However, these 

muscle activations rapidly returned to the baseline values, suggesting a short-
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term activation of spinal somatosensory receptors (J. G. Pickar & Bolton, 2012), 

which could be attributed to the facilitation of the motoneuron pool mediated at 

spinal or cortical level (Grindstaff et al., 2009). Conversely, a recent study did 

not find significant differences in the biceps brachii electromyographic activity at 

rest after a cervical manual manipulation, applied over C5 or at the spinal level 

determined by clinical evaluation (Galindez-Ibarbengoetxea et al., 2017). In 

another recent study, thoracic spinal manipulation did not changed 

electromyographic activity in subjects with thoracic pain (Fryer et al., 2017).  

Although we found acute and transient changes in both upper trapezius 

electromyographic activity in the manual manipulation group in the third study, 

those changes were not present 15 days after the third session. Moreover, 

analyzing the electromyographic activity and myotonometric measures, we 

found no changes in any group at the end of the intervention. Another study 

with a multisession spinal manipulation intervention also reported no change in 

muscle activation despite the significant clinical improvements, suggesting a 

lack of relationship between clinical improvement and electromyographic activity 

measures (Marshall & Murphy, 2008). 

The reasoning to assess basal electromyographic activity in this thesis comes 

from the concept that manual therapy techniques, such as spinal manipulation, 

could ‘reset’ the resting tone of muscles associated with palpable tissue texture 

and tenderness (Korr, 1975). The proposed neurophysiologic mechanism 

explaining the electromyographic reaction to spinal manipulation involves 

activation of the mechanoreceptors in the zygapophyseal joint capsule, spinal 

ligaments, intervertebral disc, cutaneous receptors, muscle spindles and golgi 

tendon organs within the muscle belly, and tendon of the associated muscles 

(Herzog et al., 1999; B. P. Symons et al., 2000). That alteration is thought to 

cause changes in motor neuron excitability levels with subsequent changes in 

muscle activity. However, to the best of our knowledge, this theory has not been 

proved yet.  

Another hypothesis of this work was that both manual and instrument-assisted 

cervical manipulation would affect autonomous nervous system activity, in 

asymptomatic subjects. The fact that the change in skin conductance per 
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comparison to the placebo manipulation was not higher in none of the 

manipulation groups, needs further analysis. Perry et al. (Perry et al., 2011) 

reported that a percentage change in skin conductance higher than 4.63% is a 

meaningful change beyond that considered to be due to measurement error or 

external or systematic influence. The immediate change recorded in our study 

was substantially higher than that, irrespectively of the technique applied, 

including the placebo one. That means that our results are in accordance with 

the literature showing an increase int skin conductance after manipulation, the 

difference is that several previous studies did not include a placebo group 

(Perry et al., 2011, 2015; Welch & Boone, 2008). The literature indicates that 

changes in sympathetic nervous system activity are linked to central processing 

of pain and the instigation of hypoalgesia (J. E. Bialosky et al., 2009). According 

to these authors, the dorsal peri-acqueductal grey area, located in the mid brain 

is, in part, instrumental in evoking this mechanism. Wagner et al. (Wager et al., 

2004) found that the peri-acqueductal and dorso-lateral prefrontal cortex 

(emotions centre) can be selectively activated during anticipation of an “event”, 

triggering opioid release within the brain-stem, thus modulating pain perception. 

It is possible that the expectation of receiving a spinal manipulation technique 

might constitute just such an “event” and be powerful enough to result in the 

activation of a cascade of central processing responses that may be 

responsible for the increase in skin conductance recorded immediately after the 

placebo technique.  

The results of the studies conducted in asymptomatic subjects seem to point 

out that non–region specific manipulation could be just as effective as region-

specific manipulation when the goal is pain reduction, as spinal manipulation 

over one specific level produced effects in pain sensitivity in both metameric-

related and non-metameric-related muscles. The first two studies were carried 

out in asymptomatic subjects, as we aimed to verify the neurophysiologic 

effects of spinal manipulation without the disturbing changes caused by pain 

and dysfunction (Grindstaff et al., 2009). 

The results of the study performed in subjects with mechanical neck pain, 

partially confirmed our hypotheses, as a multisession of a pre-selected cervical 
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level of manual manipulation reduced pain and disability, but the instrument-

assisted manipulation did not. These changes were both statistically significant 

and clinically meaningful. The results reported in this study are consistent with 

the hypothesis that the biomechanical characteristics of different spinal 

manipulation techniques, such as manual and instrument-assisted 

manipulation, may be responsible for varying clinical effects (Gorrell et al., 

2016). 

An increasing number of studies (J. E. Bialosky et al., 2018; Franke et al., 2015; 

Molina-Ortega et al., 2014; Savva et al., 2014) have explored the analgesic 

mechanism of spinal manipulation suggesting that the excitation of the 

descending inhibitory pain mechanism might play the most important role for 

musculoskeletal pain relief. It seems that spinal manipulation activates the 

periaqueductal gray region area of the midbrain, stimulates the noradrenergic 

descending system, and at the level of the spinal cord the nociceptive afferent 

barrage is reduced and mechanical hypoalgesia is induced (Savva et al., 2014). 

In our study, there was no previous clinical evaluation in order to determine 

tender muscles or restricted spinal levels that could have been used to define 

the segmental levels where manipulation was applied, as other studies have 

done (Fernández-Carnero et al., 2011; Gorrell et al., 2016; M. Schneider et al., 

2015), and is usual in clinical practice. Instead, we chose to apply 3 sessions of 

a pre-selected C3/C4 spinal level manipulation, in order to evaluate if changes 

in pain and disability would occur even with non–region-specific manipulation. 

Other studies have found no differences in pain intensity and disability between 

region-specific and non–region-specific manipulation techniques in patients with 

chronic low back pain (de Oliveira et al., 2013; Donaldson et al., 2016). Our 

results showed that the positive results observed were not necessarily related 

with the “correction of the vertebral dysfunction” but may have been a result of 

the spinal manipulation itself. If these results could be replicated, it could 

challenge the clinical concept that the reductions in pain intensity experienced 

by patients are explained by a specific approach into the spinal segments 

where the spinal manipulation needs to be applied, after clinical evaluation of 

articular restriction or muscle tenderness.  
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The changes in pressure pain thresholds, despite not being different from those 

ones found in the placebo group, were present not only on upper trapezius but 

also on both biceps brachii, suggesting some effect on muscles metameric and, 

also non-metameric related with the spinal level of the intervention. Changes in 

pressure pain threshold observed in regions with and without metameric relation 

to the cervical level manipulated were also reported in a previous study (R. A. 

Coronado et al., 2012). These local and remote effects suggest that spinal 

manipulation influences the processing of nociceptive information of the central 

nervous system (R. A. Coronado et al., 2012). However, as there was no 

difference in pressure pain thresholds between the manual manipulation and 

the placebo groups, we cannot assume that the effect occurred due to the 

manual manipulation. 

Pain relief by touch has been studied for decades in pain neuroscience. A study 

(Mancini et al., 2014) found that touch induces analgesia; the authors propose 

that it is unlikely that pain relief by touch simply reflects a distraction or shift in 

attention from the nociceptive to the innocuous stimulus. It was suggested 

(Wager et al., 2004) that placebo analgesia was related to decreased brain 

activity in pain-sensitive brain regions, including the thalamus, insula, and 

anterior cingulate cortex, and was associated with increased activity during 

anticipation of pain in the prefrontal cortex, providing evidence that placebo 

“interventions” alter the experience of pain. As our placebo technique included 

human touch and a sequence of movement components until pre-manipulative 

position, which include periarticular tension, it is possible that those components 

explain, at least partially, the results found in the placebo group.  

In contrast, despite the literature shows some evidence of effects of instrument-

assisted manipulation (Tiffany Huggins et al., 2012; X. Yu et al., 2012), our 

findings contradict the assumption of therapeutic equivalence between manual 

and instrument-assisted manipulation. Contrary to manual manipulation (or 

even to placebo technique), instrument-assisted manipulation is applied with no 

hand contact from the provider to the subject’s body and with the cervical spine 

in neutral position. Moreover, a study (Funabashi, Nougarou, Descarreaux, 

Prasad, & Kawchuk, 2017) reported that the vertebral rotation and the forces 
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produced by an instrument-assisted manipulation were significantly smaller than 

that created during the manual manipulation. That result led the authors to 

consider that different applications of spinal manipulation may load different 

spinal tissues resulting in different clinical outcomes (Funabashi et al., 2017). 

The different outcomes may be explained by the different stimuli induced by 

manual and instrument-assisted manipulation. The manual manipulation is 

applied beyond the physiologic range of motion within the anatomic limit, 

inducing a higher force and vertebral rotation than the instrument-assisted 

manipulation, which is applied with the vertebral segment in a neutral position.   

There is some concern in the literature regarding the possible adverse effects of 

cervical manipulation (Carlesso et al., 2010). At the same time, various authors 

studied the forces delivered by cervical manipulations, both in cadaveric spines 

and living subjects. Herzog et al. reported that cervical manipulations delivered 

to cadaveric spines place relatively little strain, compared to even innocuous 

range of motion testing, in the vertebral artery between subclavian artery and 

the foramen magnum (Herzog, Leonard, Symons, Tang, & Wuest, 2012). Also 

Symons et al. compared the peak thrust forces and thrust durations of spinal 

manipulations delivered by the same professionals to cadaveric necks and to 

necks of living subjects and showed that impulse forces were greater for the 

cadaveric necks compared to the live subjects, i.e. delivery of spinal 

manipulation was ‘‘more’’ aggressive when applied to the cadaveric necks (B. 

Symons, Wuest, Leonard, & Herzog, 2012). Combined, these two studies 

suggest that there is little chance that cervical manipulation causes vertebro-

basilar injuries (Colloca et al., 2012). The prevailing theory is that extension 

and/or rotation of the neck can damage the vertebral artery, particularly within 

the foramen transversarium at the C1–C2 level (Cassidy et al., 2008). Rapid 

and marked stretching of the arteries, such as may occur with end-of-range 

rotational manipulations of the cervical spine, may cause vasospasm, arterial 

dissection, and/or intramural hemorrhage of the vessels (Di Fabio, 1999). 

Conversely, others suggest that common neck positions used in manual 

therapy practice, including end-range neck rotation and rotation/distraction, do 

not appear to pose a risk to blood flow to the brain, and concerns about the 
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safety of commonly used neck positions may be unfounded, at least on the 

grounds of their effects on blood flow (Thomas, Rivett, Bateman, Stanwell, & 

Levi, 2013). Either way, we performed C3/C4 manipulation with no more than 

45º of cervical rotation, and we followed the latest recommendations in order to 

improve the safety of cervical manipulation (Hutting et al., 2018; Rushton et al., 

2014). During the study, no adverse events were reported by any subject. 

Our studies had several limitations. The biggest was the small sample size in 

the different studies, mainly third one. However, together, they can be seen as 

a preliminary research of the effects of different forms of spinal manipulation. 

Another limitation was that our sample was composed by students. We 

recruited students from different courses, but we also included physiotherapy 

students, from the first and second year. That choice was made to try to assure 

that student´s knowledge about spinal manipulation were limited, in order to 

guarantee the efficacy of the placebo technique. Even so, we could not assume 

that the students did not know what spinal manipulation was. 
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Conclusions 

Our main conclusions are that: 

- Cervical (C3/C4) manual and instrument-assisted manipulations 

produced an increase in pressure pain thresholds, bilaterally and over 

muscles related and unrelated with the vertebral segment, but had no 

effect over muscle tone, elasticity, or stiffness, in asymptomatic subjects; 

- There were no effects on electromyographic activity of upper trapezius or 

biceps brachii after manual or instrument-assisted manipulation at the 

C3/C4 spinal level in asymptomatic subjects. Both cervical manipulations 

and placebo induced a similar sympathetic nervous system activity 

change. Cervical manipulations, manual or instrument-assisted, did not 

increase skin conductance more than placebo in the upper limbs of 

asymptomatic subjects. 

- Three sessions of pre-selected C3/C4 manual manipulation improved 

self-reported pain, disability, and Patient Global Perception of Change in 

subjects with Mechanical Neck Pain. Manual manipulation produced 

immediate effects on electromyographic activity of upper trapezius 

bilaterally, but these effects were not present 15 days after the third 

session. Instrument-assisted manipulation did not change any of the 

parameters assessed. 
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Future perspectives 

We believe that is important to continue to study the effects of spinal 

manipulation, as it is a very common form of treatment for neck and low back 

pain, whether promoted alone or in combination with other treatment modalities, 

and there is still much to understand about its effects and about the 

mechanisms beyond these effects. Hence, the perspective is to continue to 

study the relationship between the neurophysiologic effects of spinal 

manipulation and the potential clinical benefits of that intervention. From our 

point of view, it is mandatory that future studies have significantly bigger sample 

sizes and it would be interesting to analyse the dose response of spinal 

manipulation and compare it with the dose response of spinal mobilization, in 

subjects with neck or low back pain. It is also important to confirm if there are no 

differences in applying spinal manipulation in a specific spinal level or in a non-

specific level, and if the same happens with spinal mobilization. Another aspect 

to consider is the follow-up, as it is imperative to know how long the effects 

remain after the different interventions. In order to complement the 

physiotherapeutic intervention, it would be interesting to compare one group 

receiving a home therapeutic exercise during the follow-up with a group without 

therapeutic exercise.     
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