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Mechanism of Effect of Spinal Manual Therapy for Reducing/Managing Pain
Pain, as described by Bishop et al. (2015), is an emotional and unpleasant sensory experience associated with actual or potential damage to tissue or described as such and is subjective and unique to the individual. Bishop et al. (2015) states manual therapy (MT) should be clinically reasoned in enhancing management of musculoskeletal pain and improve clinical outcomes. MT techniques, specifically on the spine, are passive movements intended to assess, diagnose and treat a variety of symptoms and conditions and promote reduction in pain and improve the patient’s pain experience (Austin, 2018; Bishop et al., 2015; Clar et al., 2014). Bialosky et al. (2009) describes techniques used, such as, manipulation as passive movement of the joint beyond its normal range of motion, while mobilisations are within the normal range of motion. 
The hypothesised mechanisms of effect are biomechanical and/or neurophysiological (Bialosky et al., 2009; Rubinstein, et al., 2019). The biomechanical treatment is proposed to cause measurable movement in the targeted tissue to reduce the internal mechanical stresses within and around the tissue/joint and on functional spinal lesions (Bishop et al., 2015; Rubinstein et al., 2019). It speculated that MT modulates pain by sending sensory input to the central nervous system which acts as a counter irritant from noxious stimuli (Bialosky et al., 2009). Problems associated with the biomechanical aspect is the research supports only transient effects which quantify motion and not lasting positional change, and palpation for movement faults and position are unreliable (Bialosky et al 2009). Also, what prohibits studies in humans is direct observation of the nervous system, unlike animal models (Bialosky et al., 2018). 
The neurophysiological mechanisms are suggested to be brought about by the complex interaction between the central and peripheral nervous systems which comprise the experience of pain (Bialosky et al., 2009; Lascurain-Aguirrebena et al., 2016).  Bialosky et al. (2009, 2018) proposes a model that mechanical force is necessary, as a contributor, which initiates a chain of responses, neurophysiological, that produce the associated outcomes proposed of MT. Lima et al. (2020) shows that mobilisations modulate nocifensive reflexes potentially through a variety of central and/or peripheral mechanisms. These hypotheses suggest that there is not one, but multiple mechanisms at play most likely from the spinal cord, peripheral, and supraspinal mechanisms (Bialosky et al., 2009, 2018). They also suggest the psychological factors may enhance or reduce effectiveness of techniques. This could be a positive relationship with the provider or catastrophising by the patient (Bishop et al., 2015). There is also evidence of a possible placebo effect found in a systematic review by Lascurain-Aguirrebena et al. (2016).
There may also be a neuroendocrine response to manual therapy. Sampath et al. (2015) suggest that the nervous system may modulate the hypothalamic-pituitary-adrenal axis (HPA) function from somatic stimulation, in this case thoracic spinal MT. The reasoning behind this is that pain triggers reactions, mediated by the central nervous system (CNS), to protect the body. The adrenal glucocorticoids produced by the HPA axis, known for the immunosuppressive and anti-inflammatory effects, are produced in response to inflammation (Sampath et al., 2015). If inflammation is produced due to pain/injury, and somatic stimulation (MT) induces the HPA axis and nervous system to excrete hormones that may cause an analgesic effect, MT can have a positive impact on a patients reported pain. 
Analgesia, pain relief, can be induced through a few mechanisms as reported by Vigotsky and Bruhns (2015). Gate control theory is proposed to work by nonnoxious stimuli/ input suppressing painful output by way of inhibiting dorsal root nociceptors (Melzack and Wall, 1965). Often this is triggered by nonthreatening sensory input, or touch, that activates A-beta fibres which inhibit A-delta and C afferent fibres carrying nociceptive input. This shows there a is a possibility that just by laying hands on a patient there may be a pain-relieving effect. Another mechanism that can produce analgesic response is through the descending modulatory circuits (Vigotsky and Bruhns, 2015). This shows that neurotransmitters act on periacqueductal grey (PAG) and rostral ventromedial medulla (RVM) to modulate pain output and nociceptive circuits. Though Vigotsky and Bruhns (2015) agree that spinal MT’s analgesic properties have a neurophysiologic mechanism through the descending pain modulation pathway, they admit it is still not fully understood. Even with this admittance, the analgesia effects are still available to utilise through manual therapy. Supraspinal effects of MT investigated in humans using functional magnetic resonance imaging (fMRI) have shown immediate changes in the brain regions processing and modulating the pain experience with an immediate reduction in clinical pain (Bishop et al., 2015). This also shows evidence of a neurophysiological effect attributed to manual therapy directed at the spine. 
Reed et al. (2020) states there is a lack of knowledge of the mechanism underlying the clinical hypoalgesic effects. The results of this study show that spinal MT decreases spontaneous pain and has a preventative effect on developing truck mechanical hyperalgesia in nerve growth factor (NGF) induced lower back pain (LBP) in female rats. The data also recorded reduction of calcitonin gene related peptide (CGRP)-response in the dorsal root ganglia of the lumbar. NGF can upregulate pro-nociceptive neuropeptides, such as CGRP, in primary afferent neurons which are key to developing and maintaining persistent pain (Reed et al., 2020). Reed et al. (2020) suggests that several pain mechanisms that lead to persistent LBP can be suppressed with daily spinal MT. This is said to “prevent NGF-induced dorsal horn neuronal hyperexcitability” (Reed et al., 2020). This shows that daily spinal MT soon after injury may act to prevent or at least minimise LBP by attenuating the production of pain-related neuropeptides. 
In terms of pain relief, there is a multitude of studies showing the analgesic effects of MT. In a systematic review and meta-analysis of randomised controlled trials of the benefits and harms of spinal MT for the treatment of chronic low back pain by Rubinstein et al. (2019) there was evidence of pain-relief in the short-term. Although the evidence showed no difference of outcome versus exercise it is suggested a multimodal approach including exercise and education with MT provide better outcomes (Bishop et al., 2015; Groeneweg et al., 2017; Shah and Kage, 2016). This further backed up in a systematic review by Hidalgo et al. (2017) and a review by Thoomes (2016) that states MT with exercise produces better outcomes than exercise or MT alone. From these reviews it is reasonable to suggest that reducing a patients pain with MT while educating them on the added benefit that exercise has to further pain relief may encourage the patient to assume some responsibility for their own health and recovery. 
There are also inconsistencies in the evidence for the efficacy MT’s analgesic effects. Many studies included in systematic reviews show inconclusive evidence for MT used for pain relief (Clar et al., 2014; Coulter et al., 2019). The review by Thoomes (2016) also reports low level and inconsistent evidence for MT. The evidence of these reviews report in favour of the use of MT for pain relief though the inconsistencies due to reporting of methodological flaws render such evidence inconclusive or insufficient (Bishop et al., 2015; Clar et al., 2014; Coulter et al., 2019). This suggest that MT works though the outcomes were not consistent. Some reasons that there are inconsistencies may be that treatment is modified by non-specific factors. These are suggested to be expectations of the patient, the setting, relationship between patient and provider, placebo effects, equipoise of the provider, differences in experience and training, inadequate reporting of techniques/interventions, and dosing of treatment modalities (sets and repetitions of said techniques) (Bishop et al., 2015; Clar et al., 2014). Coulter et al. (2018) suggests that chronic pain is a such a multifactorial condition that the considerable variation on styles, techniques and dosing of MT may confer different results and what may produce positive outcome for one patient may not in another. 
Lascurain-Aguirrebena et al. (2016) suggests at the possibility that mobilisations reduce muscle spindle hyperexcitability via modulating the y-motoneuron. This may contribute to a reduction of symptoms by influencing the pain-spasm-pain cycle. There is also the possibility that MT of the spine may restore appropriate activation of the musculature, or motor function normalisation, may be the result of hypoalgesia and not the direct result of MT (Lascurain-Aguirrebena et al., 2016). This points toward manual therapy having more of an effect on the surrounding soft tissue, than the joint itself, by either returning the tissue to normal activation, or relaxation due to a hypoalgesia. 
Due to the proprioceptive and nociceptive afferents in ligament tissue they can be a source of musculoskeletal pain (Zhang et al., 2018). The spinal facet joint is enclosed by a ligament capsule that allows articulations between adjacent vertebrae and can induce pain in the neck and back when under excessive stress (Zhang et al., 2018). The pain and neuronal activation because of excessive stretch, is hypothesised, to be mediated by collagen organisation in innervated ligaments (Zhang et al., 2018). The in vitro neuron-collagen construct model in the study by Zhang et al. (2018) shows that “collagen organisation appears to regulate stretched-induced, pain-related signalling in neurons embedded in an extracellular matrix.” If this is correct, damaged or incorrectly laid down collagen fibres and the mechanoreceptors that sense change in the tissue may be partially responsible for inducing a pain sensation. 
It has been demonstrated that mechanoreceptor responses occur at vertebral segments away from the site of MT (Lima et al., 2020). Bishop et al. (2015) also shows that MT performed on areas other than the site of disfunction produce an analgesic effect, suggesting specific mechanical parameters may be less important than thought. Further evidence of that MT application need not be applied to the symptomatic level for improving pain is provided by a systematic review by Hidalgo et al. (2017). This does not completely explain the effect of pain relief of MT and shows there must be other mechanisms that need consideration. This is useful for treatment as working directly on spinal joint sprain/pain/injury may irritate it further and being able to provide an analgesic effect by working on a nearby segment may give the patient relief of pain while the site is healing. 
Another consideration is safety in applying manual therapy techniques. Mt has been proposed to be dangerous and should not be used by a clinically reasoned therapist. Though there are adverse events (AE) in applying MT to the spine the evidence points to them being common though mild and transient in nature. These are described as worsening of symptoms, temporary treatment-related soreness, and tiredness (Chaibi and Russel, 2019; Coulter et al., 2018; Paanalahti et al., 2014). Wong et al. (2016) shows of 22 studies that reported AE’s they were mild to moderate and transient, after cervical mobilisation, and no serious neurovascular AE’s reported. Two serious events were reported but deemed as unrelated to treatment (one cardic event, one severe arm pain and weakness three days after treatment). Multiple studies show evidence that MT is safe, can be used for as therapy for pain reduction, and that serious AE’s are extremely rare, provided the therapy is clinically reasoned and serious pathologies are ruled out (Chaibi and Russel, 2019; Coulter et al., 2018; Deyo, 2017; Paanalahti et al., 2014; Wong et al., 2016). Chaibi and Russel (2019) discuss MT as suspected in neurovascular events of the cervical spine and conclude that it is difficult to provide direct causality. They question whether the MT provoked the neurovascular event, or the event symptoms lead the patient to seek treatment. Deyo (2017) and Reed et al. (2020) suggest MT as a safe alternative to pharmacological interventions as the adverse events include renal and gastrointestinal complications from long term use of non-steroidal anti-inflammatory drugs and opioid based drug.
The objective of this paper was to examine and understand spinal manual therapy mechanism of action and whether or not it should be used as a viable analgesic treatment option for patients with back and neck pain. At initial viewing of the large body of inconclusive evidence put forward regarding spinal MT’s effect it would suggest the answer would be ’no’. After further investigation of the inconclusive results, mostly due to methodological inaccuracies, also pointed to positive/favourable outcomes in regards to pain relief. These inconclusive results are in part due non-specific factors and some can be corrected by accurately recording treatment technique and dose. Though there is more than enough evidence that shows there is an immediate, short-term pain-relieving effect, there is little evidence on the specific pathways this mechanism acts through. There is an effect on the mechanoreceptors in the surrounding areas, even away from the treatment site, that may be breaking the pain-spasm-pain cycle and/or relaxation due to analgesia. Evidence has also been provided of a neurophysiological effect of pain relief through the nervous system and HPA axis by way of the pain gate and often induced by touch. Due diligence should always be taken with any patient to ensure treatment does not compromise health and/or cause further injury or exasperate a severe pathology, especially working on the spine. In conclusion, if the patient is physically and psychologically able, in their current circumstances, to respond to the treatment, and it is clinically reasoned by the therapist, then it may be used within a multimodal approach. With adverse events being mild and transient and severe events extremely rare, using Spinal MT for its analgesic effects is a valid, non-pharmacological treatment for pain reduction.  
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