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With the trend of aging population getting more obvious, stroke has already been a major public health problem worldwide. As a main disabling motor impairment after stroke, spasticity has unexpected negative impacts on the quality of life and social participation in patients. Moreover, it brings heavy economic burden to the family and society. Previous researches indicated that abnormality of neural modulation and muscle property corelates with the pathogenesis of poststroke spasticity (PSS). So far, there still lacks golden standardized treatment regimen for PSS; furthermore, certain potential adverse-events of the mainstream therapy, for example, drug-induced generalized muscle weakness or high risk related surgery somehow decrease patient preference and compliance, which brings challenges to disease treatment and follow-up care. As an essential non-pharmacological therapy, acupuncture has long been used for PSS in China and shows favorable effects on improvements of spastic hypertonia and motor function. Notably, previous studies focused mainly on the research of antispastic acupoints. In comparison, few studies lay special stress on the other significant factor impacting on acupuncture efficacy, that is acupuncture technique. Based on current evidences from the clinic and laboratory, we will discuss certain new insights into acupuncture technique, in particular the antispastic needling technique, for PSS management in light of its potential effects on central modulations as well as peripheral adjustments, and attempt to provide some suggestions for future studies with respect to the intervention timing and course, application of acupuncture techniques, acupoint selection, predictive and aggravating factors of PSS, aiming at optimization of antispastic acupuncture regimen and improvement of quality of life in stroke patients. More innovations including rigorous study design, valid objective assessments for spasticity, and related experimental studies are worthy to be expected in the years ahead.
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Introduction

Stroke is a critical public health problem worldwide and is the leading cause of death in China (1). As the most common complication poststroke, spasticity is reconsidered as velocity- and muscle length- dependent increase in resistance to externally imposed muscle stretch, which can be explained by hyperexcitable descending excitatory brainstem pathways and secondary exaggerated stretch reflex responses (2). The prevalence of poststroke spasticity (PSS) ranges from 17% to 43% during the first year, and approximately two-thirds of patients with spasticity have both upper and lower extremities involvement (3, 4). After lesions to the cerebral cortex and its descending pathway (cortico-spinal tract, CST), weakness occurs immediately, while spasticity emerges and develops later (2). Spasticity interacts with weakness, resulting in disabling motor impairments and complex complications like muscle contracture, motor dysfunction and spastic pain, which negatively impacts on patients’ quality of life (5, 6). The direct costs of PSS patients are four times to those without spasticity, imposing heavy financial burdens to the family and society (7). Nowadays, a wide range of treatment options are available, including oral drugs, physical techniques, botulinum toxin injection and surgery to target central and/or peripheral factors (8). However, certain unpredictable adverse-events such as drug-induced hepatorenal toxicity and generalized muscle weakness, and high risks related surgery still remain problematic (9–11). Therefore, a safer, effective and a more economical treatment modality is desired by both doctors and patients.

Acupuncture has long been used for treating PSS in China. The incidence of adverse-effects in this ancient art of healing technique is much lower than that of western medicine (12). As we know, there are two major factors determining the efficacy of acupuncture, one is acupoint selection, the other acupuncture technique. Apparently, majority of previous studies focused mainly on acupoint research, committed to finding out the most effective antispastic acupoint or acupoint combinations. For example, in views of traditional Chinese medicine (TCM) theory, acupoints either target to regulate disordered brain functions, such as scalp acupoints/lines (e.g., MS6-parietal anterior temporal oblique line, and MS7-parietal posterior temporal oblique line), governor vessel acupoints (e.g., GV20-Baihui, GV16-Fengfu, GV24-Shenting) and Jiaji acupoints (Ex-B2), or act directly on the spastic muscles (13–17). A very new systematic review that involves 88 RCTs with 6,431 patients in total has further confirmed that acupuncture possesses a reliable antispastic effect for stroke patients and summarized the most frequently used acupoints: LI4-Hegu, LI15-Jianyu, LI11-Quchi, SJ5-Waiguan, LI10-Shousanli, LU5-Chize and PC6-Neiguan for the upper limb, and GB34-Yanglingquan, ST36-Zusanli, SP6-Sanyinjiao, LR3-Taichong, SP10-Xuehai, SP9-Yinlingquan and ST41-Jiexi for the lower limb, which all locate at the muscle surrounding the affected joints (18). In comparison, research on antispastic acupuncture techniques is insufficient. In fact, specific acupuncture techniques applied on the acupoints are crucial for treatment outcome, which could be traced back to The Yellow Emperor’s Inner Classic (19). Nowadays, the perception of applying suitable acupuncture technique for relevant diseases is widely accepted in the clinical settings by more acupuncturists than ever worldwide (20–22).

As a major motor impairment following stroke, spasticity usually leads to structural and functional changes in skeletal muscles such as shortening and stiffness of muscle fibers, and discordant relationship between the flexor and extensor muscles, which in turn exacerbates motor dysfunction (23). Thus, the aim of PSS treatment should take into consideration not only alleviation of the disordered muscle itself but its impact on motor function. Motion-style acupuncture (MSA) is a distinctive branch of multiple acupuncture techniques. It belongs to the compound acupuncture technique, which is characterized by active or passive body movement (motor training) during needle retention (24, 25). Thus, MSA is not equal to conventional acupuncture plus motor training. It has been recommended for treating muscle and tendon disorders, such as spasticity, weakness, muscle soreness and restricted joint movement (26). Although an increasing number of clinical studies have indicated that the overall therapeutic effects of commonly used MSA techniques including waggle needling, Dongqi needling (DN), Fu’s subcutaneous needling (FSN) and motion-style scalp acupuncture (MSSA) are superior to conventional acupuncture/motor training alone, or their simple combination (27–35), few studies tried to unmask the possible mechanisms behind them. Based on the pathogenesis of PSS, combined with the characteristic of MSA techniques, certain new insights into acupuncture techniques for PSS in light of central and peripheral aspects will be discussed, with the purpose of optimizing antispastic acupuncture regimen and thereby helping with the improvement of patient’s quality of life.



Understanding the plausible pathophysiology of PSS

In human, three important descending pathways are closely related to motor system, including CST originated from the cerebral cortex, and reticulospinal tract (RST) and vestibulospinal tract (VST) from the brain stem (36). Selective lesions to the CST only produce negative upper motor neuron (UMN) signs, such as weakness, hypotonia, and hyporeflexia, whereas the other two would cause positive consequences (e.g., spasticity) (6, 37). Although the pathogenesis of PSS has not been fully understood, mounting evidences indicate that spasticity is a result of changes in supraspinal origin, intraspinal network and peripheral muscle, leading to hyperexcitable stretch reflex (6).

First of all, supraspinal origin provides a balanced descending regulation for spinal stretch reflex circuit, which is predominantly mediated by RST and VST (38, 39). Specifically, the dorsal RST, receiving facilitation from the premotor cortex (PMC) and supplementary motor area (SMA) via corticoreticular pathway (CRP), descends paralleling with CST in the dorsolateral funiculus and wields a powerful inhibitory effect on stretch reflex (40). Conversely, the medial RST and VST, being independent from the contralateral motor cortex, in particular the anterior limb of the internal capsule with fibers from PMC, descend in the ventromedial cord and provide an excitatory effect (5, 41). Nevertheless, the contribution degree of VST to spasticity leaves a question open. It was shown that cutting off VST only caused transient alleviation of extensor tone of lower extremity in the spastic cat, however, spasticity markedly eased when the medial RST was broken (42). In stroke with cortical lesions, the medullary reticular inhibitory center, to a great degree, loses facilitatory inputs from the cortex and presents as weakened descending inhibitory effect. The medial RST, at this time, is in predominant state resulting in hyperexcitability of spinal stretch arc (5, 43).

Second, α-motoneuron (α-MN) hyperexcitability is deemed the abnormal intraspinal change in PSS (44). The reason is probably as follows: augmented sensitivity spindles increase peripheral afferent input to the spinal MN, setting the condition for oversensitivity of the stretch arc (39). Moreover, changes in intrinsic properties of the spinal MN lead to weakened presynaptic and reciprocal inhibition that enable the MN to spontaneously discharge, and ultimately decrease reflex threshold (39, 45). It is likely that resultant α-MN hyperexcitability is a plastic reorganization following lopsided supraspinal descending inputs to the spinal network (6). Bernice et al. has found that within limited temporal window poststroke, both brain and spinal cord initiate enhanced structural reorganization depending on the degree of cortical insult, which further promotes functional recovery (46).

Likewise, levels or expressions of certain neurotransmitters in the central nervous system (CNS) have long been elucidated crucial in the pathophysiology of spasticity as well. These neurotransmitters could be basically divided into two categories: one is inhibitory neurotransmitters including γ-aminobutyric acid (GABA) and glycine (Gly), the other excitatory ones like glutamate (Glu) and aspartate (Asp) (47). Normally, neurotransmitters bond to their receptors to modulate monosynaptic and poly synaptic reflexes in spinal level and mutually maintain the balance between excitation and inhibition of neurons (48, 49). However, once the balance is disrupted, i.e., either increased release of excitatory neurotransmitters or lessened activity of inhibitory inputs, spasticity occurs or aggravates (47, 48, 50). In addition, few studies reported that the inflammatory response is also involved in the pathogenesis behind PSS that we will discuss later (51, 52).

Last but not least, it must be stressed that PSS is a complex clinical phenomenon, which is not only considered as a neurologic problem but an indication of muscle property alteration. The alteration, for example, includes increased proportion of connective tissues, decreased amount and shortened length of sarcomeres (41). When a paralyzed muscle is held in an abnormally shortened position, it would lose sarcomeres to adjust its length and thus potentiate contracture, which in turn aggravates spasticity (5). Besides, researchers found that there is a strong connection between increased proportion of type I muscle fibers and muscle hypertonia in spasticity patients (53). To sum up, hyperexcitability of the medial RST tends to be the key mechanism, while changes in intraspinal network processing and peripheral muscle property are secondary factors that contribute to the development of PSS (5, 6, 43; Figure 1A).
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FIGURE 1
 Underlying pathophysiology of poststroke spasticity (PSS) and role of motion-style acupuncture (MSA) for PSS. (A) is modified from Li et al. (2) showing that the possible primary mechanism for a loss of inhibitory control after a stroke is an UMN lesion while the secondary factors are altered intraspinal network processing and peripheral muscular changes. (B) Based on current clinical and laboratory evidences, the possible role of MSA for PSS is mainly reflected in two aspects: one is its modulation on the CNS, the other peripheral muscle. Central modulation presents relative neuroprotective effect (improvement of blood perfusion and inhibition of inflammatory response), regulation of balance between excitatory and inhibitory neurotransmitters, functional improvement of sensorimotor pathway, and inhibition of spinal stretch reflex. Peripheral muscle adjustment includes decreased proportion of type 1 muscle fiber. ACA: anterior cerebral artery, Ach: acetylcholine, ADL: activity of daily life, ASFA: affected side foot angle, BA: basilar artery, BBA: Brunel balance assessment, BI: Barthel Index, CRP: C-reactive protein, CSI: clinical spasticity index, CST: cerebral-spinal tract, FDD: frequency-dependent depression, FMA: Fugl-Meyer assessment, GABA: γ-aminobutyric acid, GABAA: γ-aminobutyric acid subtype A, GABAT: γ-aminobutyric acid transaminase, GLAST: glutamate aspartate transporter, GLT-1: Glutamate transporter-1, Glu: glutamate, Gly: glycine, ICA: internal cerebral artery, iEMG: integrated electromyography, IL-6: interleukin-6, KCC2: K(+)-Cl(−) co-transporter, M1: primary motor cortex, MAS: modified Ashworth scale, MCA: middle cerebral artery, PCA: posterior cerebral artery, PM: premotor cortex, ROM: range of motion, RST: reticulospinal tract, SF: slide frequency, SL: slide length, SMA: supplementary motor area, SW: slide width, TNF-α: Tumor necrosis factor-α, VST: vestibular spinal tract. (+): excitatory, (−): inhibitory, (×): impaired, (⬆): increased, (⬇): decreased.




Characteristics of commonly used MSA techniques

As mentioned before, waggle needling, DN, FSN as well as MSSA all highlight effective integration of acupuncture technique and rehabilitation, that is cooperating with motor training during needle retention. Because of this, MSA treatment not only promotes positive interaction between acupuncturists and patients, but creates conditions for those with neuromuscular retraining, which helps to improve patient compliance and treatment outcomes (24, 26). Nevertheless, each of MSA techniques has its own characteristic. For example, as for needling sensation, waggle needling, DN and MSSA are supposed to evoke relatively strong yet tolerable needling sensation; however, not in FSN. The principle of acupoint selection varies among them as well, which could be preliminarily classified as local and remote point selection. Waggle needling and FSN are always applied on the points in the affected areas, e.g., some classic acupoints closely related to tendons (like GB34, SP9, ST41, LI11 and LI15) (28) and the most significant tender point (positive reaction point) (54–56). However, the exact point of needle insertion is quite different. In waggle needling, the tender point should be needled at its exact location, while in FSN, 2–3 cun (1 cun = 3.33 cm) superior or inferior towards it. Given that different needling directions towards the tender point would not influence therapeutic effects of FSN (57), thus, the point selection of FSN is more flexible and adjustable than the waggle needling. In contrast, the stimulating points of DN and MSSA are far away from the affected muscles and tendons, named remote point selection. The primary distal acupoints (Tung’s extraordinary points) on the healthy side (58) and specific areas or lines (MS6, MS7) on the scalp (59) are the main needling target for DN and MSSA respectively, which differs considerably from the traditional acupuncture theory. It has to point out that long-durational needle retention can be realized in both MSSA and FSN, particularly the latter, for up to 24–48 h, attributing to superficial needling depth that has no impact on deep muscle layers and limb exercise, which may increase the total amount of stimulation and contribute to long-term therapeutic effect (32, 57). Detailed characteristics among these MSA techniques are summarized in Table 1.



TABLE 1 Characteristics among the commonly used MSA techniques.
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Evidences from clinical studies


MSA techniques alleviate muscle tone and improve motor functions in PSS patients

In the real clinical setting, except for spasticity, stroke patients may suffer from additional complications, for instance, motor dysfunctions manifesting as low task-oriented executive ability, joint immobilization, abnormal posture and spastic muscle pain. Therefore, employing combined approaches rather than conventional monotherapy to counteract those complex conditions has aroused wide attention among doctors and researchers. Loads of clinical studies have shown that the antispastic effect of MSA is superior to routine needling or rehabilitation alone. In one RCT, 121 patients with PSS were randomly sorted into control group by routine needling and treatment group by waggle needling. All these patients were given similar usual care, including neurotrophic supplement, anti-infection, blood pressure control, microcirculation improvement, and so on. Although both groups showed positive effects in spastic hemiplegia after 2-weeks of intervention, shown as decreased modified Ashworth scale (MAS, the most commonly used scale for spasticity assessment) score but increased Fugl-Meyer assessment (FMA, to evaluate overall motor function) and Barthel Index (BI, to evaluate activities of daily living) score, inter group comparison displayed that the overall effect of waggle needling is better than routine needling (p < 0.05) (28). Another study (34) conducted a RCT on 140 PSS patients, comparing MSSA treatment (n = 70) with intelligent upper-limb feedback training alone (n = 70). The results showed that after 8-weeks treatment, the spasticity degree of the elbow (69.07 ± 9.39) and wrist (33.04 ± 7.33) joints in the MSSA group were significantly lower than that in the rehabilitation training group (80.65 ± 7.98 and 35.91 ± 7.50, respectively). Besides, the overall treatment outcomes (MAS, FMA, BI) and long-term efficacy of MSSA is much superior to rehabilitation training alone after 1-month follow-up. Ge et al. (58) observed similar outcomes. Sixty PSS patients were randomly assigned into DN group (n = 30) and routine needling group (n = 30). The MAS, FMA, BI, balance function (Brunel balance assessment, BBA), walking ability including timed up and go test (TUG) and 10-meters walking speed test, and stroke specific quality of life scale before and 4-weeks after intervention were measured. The results showed that while the above outcome measures significantly improved in both groups (p < 0.05), the improvements of motor function of lower limbs in DN group (BBA: 40.19 ± 5.21, TUG: 21.77 ± 2.65, 10-meters walking speed: 48.22 ± 5.37) are better than those in the routine needling group (27.56 ± 2.73, 28.91 ± 3.50, 39.05 ± 4.53, respectively) (all p < 0.01). On top of its remarkable effects on meaningful reduction in the degree of spasticity with improvements in motor function and quality of life in patients, FSN owns superiority in immediate pain relieving in comparison with other three MSA techniques, possibly thanks to its effect on directly loosening tissue adhesion by swaying manipulation (32, 55, 61).

Recently, a meta-analysis involving 31 RCTs with total 2,488 PSS patients indicated that a range of outcome measures including marked efficiency, MAS classification, MAS score, and clinical spasticity index (CSI) score, in electroacupuncture plus rehabilitation training group were all statistically better than those in electroacupuncture or rehabilitation training alone groups (67), inspiring us that combination of different therapies (e.g., MSA plus professional rehabilitation training) may maximize spasticity management. Song et al. (62) observed the effect of combination therapy versus monotherapy. One hundred and twenty PSS patients were randomly distributed to rehabilitation group (n = 40), FSN group (n = 40) and FSN plus rehabilitation group (n = 40). The final outcomes showed that the muscle tone (MAS), hand motor function (FMA) and range of motion (ROM) of wrist joint were all significantly improved among the three groups (p < 0.05), however, the overall effects of combination group are far better than those of FSN or rehabilitation alone group (p < 0.05). No statistical differences existed between the FSN and rehabilitation group (p > 0.05). Similar outcomes were also shown in other two studies that antispastic effect of combination group (DN + rehabilitation) is superior to DN treatment or rehabilitation alone (30, 31). In addition, spasticity is reported to become worse in cold (6), which is consistent with the TCM theory that cold pathogen could contract muscles, obstruct meridians and thereby aggravate symptoms. Wang et al. observed therapeutic effects of combination therapy (waggle needling with moxibustion) for PSS. The results showed that the combination group presented higher integrated electromyography (iEMG) values and F wave velocity in both biceps and triceps, but lower F wave amplitude and area than the waggle needling group, indicating alleviation of spasticity and increasement of muscle strength (56). This study enlightens us that keeping warm during MSA intervention may help relax muscles of patients easily affected by cold temperature and achieve better outcomes.

To date, mounting studies have indicated that the order of treatment or timing of combination of different therapies, such as synchronous or asynchronous application of acupuncture and rehabilitation, may bring different prognostic outcomes to patients (35, 64, 65). For instance, a RCT by Qi et al. (68) has shown that after 6-months treatment, muscle hypertonia and motor functions were all substantially improved among three treatment groups (rehabilitation alone, rehabilitation after scalp acupuncture and MSSA groups) in comparison with before treatment. And compared to the other two groups, MSSA possessed preferable therapeutic effects (p < 0.05). Zhang et al. (33) found that the therapeutic effect of conventional scalp acupuncture plus rehabilitation is better than scalp acupuncture alone, but inferior to synchronous combination of scalp acupuncture and rehabilitation (MSSA). The efficacy is reflected in ameliorating patients’ gait parameters, including increased stride frequency and stride length and lowered foot angle of the affected side, and increased passive ROM of joints (the hip, knee and ankle). Some researchers held the opinion that in the process of neuroplasticity, active and proper rehabilitation inducement is particularly essential to avoid establishment of abnormal movement pattern and unexpected motor compensation. In MSA, the sensory and motor conduction pathways can be activated simultaneously, owning to the dual of acupuncture manipulation and active/passive body movement, which conduces to restoration of right neural feedback mechanism and reconstruction of motor ability (34, 66, 68). Taken together, results from these clinical trials (although still limited) imply that MSA is a promising and effective therapy for patients with PSS.




Evidences from animal studies


MSA techniques impact on behavioral performances in rats with PSS

In contrast to the wealth of clinical studies, comparatively fewer experiments exist exploring the effect of and underlying mechanism of MSA techniques against PSS in rodent animals. Currently, the most popular PSS model of rats is established through middle cerebral artery occlusion (MCAO) surgery, featuring by high reliability and good reproducibility (69). Our previous studies employed Zea Longa score and MAS to evaluate neurological deficit and muscle tone in the model rats, separately (70–73). At the very beginning, all rats scored 0 in Zea Longa and MAS before MCAO, indicating there is no neurological deficit and no spastic hypertonia. Three days after modeling, Zea Longa score was still 0 in the normal and sham-operated groups. Meanwhile, the score in other modeled groups (model, waggle needling, routine needling, and Baclofen groups) were all statistically higher than the sham-operated group (all p < 0.01), indicating the neurological deficit was successfully induced. After 7-consecutive-days intervention, Zea Longa score has obviously decreased in the three intervention groups (p < 0.01 or p < 0.05) in comparison with the model group. And waggle needling showed similar therapeutic effect on alleviation of neurological deficit as Baclofen does (p > 0.05). The MAS score normally increases 3 days after MCAO, maintains at a high level within 9 days, and decreases gradually later, which has been proved by previous animal models (69). In order to exclude the influence of animal self-recovery on the experimental outcomes, we started the intervention at day three after modeling and terminated the experiment at day nine. The results showed that acupuncture, in particular waggle needling, significantly decreased MAS score when compared to the model group (p < 0.05). These data confirmed that waggle needling wields preferable effects on neurological deficit and spastic hypertonia. As for the underlying mechanisms, they are possibly related to microcirculation improvement of peri-infarct areas, inhibition of inflammatory responses, and alterations of neurotransmitters, spinal reflex as well as muscle property, which will be discussed in the following part.

In addition, efforts have been made to quantify the behavioral deficits in animals with some indirect assessments like screen test and gait analysis. We found that rats suffered from motor dysfunctions immediately after MCAO and manifested with weakness and imbalance, which might be caused by damage to the cerebral cortex and CST. The screen test scored five in the sham-operated group but only about two in the modeled groups 1 day following surgery. With acupuncture intervention, motor function was obviously elevated at day seven and day nine in the waggle needling group, compared with the model group (all p < 0.01). No statistical differences existed between routine needling and model groups (p > 0.05) (71). An experiment conducted by Mu et al. (74) observed hindlimb balance and state of gait movement in rats with PSS. The PH-200 ft. balance tester showed that rats in the sham-operated group showed no changes in the static weight ratio throughout the experiment, however, the ratio in model, waggle needling and placebo needling groups obviously decreased on the day three after MCAO. Following 7-treatment-days, the ratio was effectively augmented by waggle needling compared to the model group (p < 0.001). Likewise, before treatment, significant enlargements of swing, stance, step angle and stance width but reductions of peak paw area and stride length were shown in the model, waggle needling and placebo needling groups when compared to the sham-operated (all p < 0.01). Interestingly, this situation was significantly reversed by waggle needling after treatment, indicating that waggle needling possesses the ability to facilitate motor function recovery. Recently, a study has proved that spastic behavior of rat was consistent and reproducible during swimming test (75), such a behavioral test is desired to bring more convinced evidences to the antispastic effect of MSA techniques.




Modern insights of MSA techniques for PSS


Inspiration for MSA techniques in light of facilitating central neuroplasticity and neuromodulation

Neuroplasticity is defined as the ability of neurons and circuits to modify their functional activity and the synaptic reconstruction in accordance with variations in activity (16). Enhancement of neuroplastic activity generally exerts a positive effect on motor recovery. After a stroke, neuroplasticity initiates immediately in bilateral cortices, which could be explained by structural change and regeneration, cortical reorganization (neural excitability, CST integrity and intracortical excitability) and molecular biology changes (76–79).

Impaired nerve cells in the penumbra surrounding the ischemic core could be saved only if the blood perfusion is timely restored (80). Ischemic insult triggers angiogenesis to support penumbra, and induces neurogenesis and synaptogenesis in the perilesional cortex (81, 82). Restoration of blood perfusion to the ischemic areas was therefore considered as a vital therapeutic target for rehabilitation outcomes (16). Both clinical and experimental studies have proved the satisfying effects of MSA techniques (DN, waggle needling) on microcirculation improvements, including promoting mean blood flow velocity of posterior cerebral artery (PCA), middle cerebral artery (MCA) as well as anterior cerebral artery (ACA) in patients with PSS (58), and reducing cerebral infarct volumes in the model rats (70–72, 74). Additionally, there is a study indicating that inflammatory response during ischemic process can induce a cascade of negative consequences, for instance, promotion of leukocyte infiltration and obstruction of capillary blood flow, which in turn aggravates the extent of ischemic areas and cell necrosis (52). Early acupuncture intervention, in particular MSA (waggle needling), could effectively inhibit the expression of inflammatory markers (e.g., Tumor necrosis factor-α, interleukin-6 and C-reactive protein) in the serum in patients with PSS, which favors the improvement of regeneration and functional recovery of CNS (52, 60). These outcomes can mean that MSA possesses relative neuroprotective effects on ischemic stroke. Relevant studies have declared that certain neuroprotective factors such as brain-derived neurotrophic factor, postsynaptic density protein 95, synaptophysin favor neurogenesis, synaptic plasticity (83); and the active neural plasticity in the perilesional cortex may create opportunity for new synaptic connection (e.g., CRP), which contributes to regaining the facilitation from the contralateral PMC to the medullar inhibitory center and thereby restores downward inhibition to the stretch reflex.

It was reported that activation of contralateral hemisphere is greater than that of the ipsilateral in the subacute stage so as to compensate for severely damaged motor control; while the activation will shift back to the ipsilateral that facilitates recovery of voluntary control on the paretic side in the chronic stage (79, 84, 85). For treating stroke patients suffering from motor deficits, scalp acupuncture could markedly activate motor cortex, strengthen the activities of the brain regions related to sensory integration and motor coordination, enhance bilateral frontal lobe motor control and thereby conduce to the cooperation of bilateral sensorimotor networks and the balance between inter-hemisphere (86–89). After stroke, mountains of neurons and nerve fibers are damaged, directly causing sensory and motor deficits with abnormal somatosensory evoked potential (SEP) responses that mainly presents prolonged relative peak latency and lowered wave amplitude. Interestingly, recent studies have indicated that the N20 peak latency of the median and tibial nerves were obviously shortened, while the N20-P25 wave amplitude of these two nerves were increased in MSA group (motion-style scalp acupuncture) as compared to conventional scalp acupuncture plus rehabilitation group or scalp acupuncture group (64, 66).

Disequilibrium of neurotransmitter adjustment such as overexpression of excitatory neurotransmitter (like Glu) and/or insufficiency of inhibitory neurotransmitters (GABA, Gly) was found in the biomolecular mechanisms underlying PSS in both human and animal studies. Clinical results showed that in comparison with routine needling alone, spastic hypertonia and motor dysfunction were significantly alleviated in MSA (DN, MSSA or waggle needling) group, accompanying by suppression of Glu, and elevations of GABA and Gly in serum in patients with PSS (58, 60, 66). Animal studies also confirmed that the antispastic effect of waggle needling was superior to routine needling and equivalent to Baclofen (70–73). Underlying mechanisms could be explained as follows: In the perilesional cortex, the expression/activity of GABA was enhanced but GABAT (a key metabolism enzyme of GABA) was inhibited. In addition, expressions of GABAAγ2 receptor and KCC2 (a chloride extruder that maintains the inhibitory effect of GABA) were all elevated among the cerebral cortex, brain stem and lumber spine of PSS rats. Furthermore, downregulations of Na+/K+-ATPase and Glu transporters (EAATs) such as EAAT1 (GLAST) and EAAT2 (GLT-1), and upregulation of Glu in the hippocampus were effectively reversed by waggle needling. Such experiments are needed to help us understand the biochemical mechanisms behind MSA techniques for PSS.



MSA techniques contribute to the improvement of peripheral muscular conditions

The possible primary mechanism for a loss of inhibitory control after a stroke is an UMN lesion while the secondary factors are altered intraspinal network processing and peripheral muscular changes, which can both result in PSS (6). These imbalanced inputs from the supraspinal levels partly lead to α-MN hyperexcitability, subthreshold or spontaneous discharging of motor units, associated with spastic hypertonia and muscle contraction (6). Moreover, peripheral muscular conditions have changed as well, including muscle fiber shortening and stiffness, loss of sarcomeres in series, connective tissue adhesion, and increased proportion of type I muscle fibers, which additionally exacerbate joint immobilization and motor dysfunction in patients (53, 90–92). However, those conditions could be soothed with prolonged slow passive stretching, to prevent excessive muscle contracture and lessen spasticity-induced pain (10, 93).

According to the classical acupuncture theory, therapeutic effects of acupuncture are determined by acquired needling sensation (deqi in Chinese) (94, 95), and different types of stimulation normally bring about diverse clinical outcomes (96). It was shown that stroke patients suffering from spastic hemiplegia react especially well to a type of acupuncture with strong needle-stimulation (97). Effective needling manipulation, particularly like multi-directional lifting-thrusting method in waggle needling, or swaying method in FSN, enables increased changes in local blood perfusion and soft-tissue displacement, delivering mechanical signals into the subcutaneous tissue, inducing the release of pain-related substances and consequently triggering the nerve-immune-secretion network to relieve spastic muscle pain (94, 98). Modern research shows that immediate alleviation of spasticity and increase of active ROM in PSS patients are positively influenced by quick lifting-thrusting needling method at trigger point, which correlated with decreased frequency of motor unit spontaneous discharging (99). H-reflex is a monosynaptic reflex triggered by activation of Ia afferents, MN and muscle fibers, and is extensively used as a valid tool to quantify the excitability of the MN (100). Certain parameters of H-reflex changed in patients with PSS, such as shortened H-reflex latency, amplified Hmax/Mmax ratio. Animal research also demonstrated that motor threshold, frequency-dependent depression (FDD) of H-reflex were all increased, indicating that occurrences of hyperreflexia and spastic hypertonia correlated with hyperexcitability of MN. While those conditions could be effectively reversed by MSA techniques (63, 74). Besides, the proportion of type I muscle fibers in the spastic gastrocnemius muscle is markedly declined after waggle needling intervention in comparison with that of routine needling group (p < 0.05) (72). As reported, the direct action of lifting-thrusting needling method on peripheral muscular tissues (e.g., neuromuscular junction and muscle fibers) possibly correlates with breaking down of muscle fibers and temporary depletion of acetylcholine neurotransmitters (101). Whether those mechanisms are involved in the antispastic effect of MSA (especially waggle needling and FSN that directly act on spastic muscles) remains to be further investigated. To sum up, to improve the intrinsic structure of spastic muscles and to attenuate over-excitation of the spinal reflex circuit may serve as meaningful therapeutic targets for MSA against PSS. Such electrophysiological studies will help to provide more objective evidences in showing the effects of different MSA techniques on peripheral muscular conditions. Relevant evidences are presented in Figure 1B.




Discussion and expectation

Given that both clinical and experimental evidences (although still limited) has confirmed the preferable antispastic effect of MSA techniques, also seeing that at present there still lacks standardized regimen for PSS management, MSA deserves to be considered as a part of comprehensive therapeutic protocol for stroke patients who suffer from spasticity, with its merits of preferable effect, few acupoint-selection as well as affordable price, and importantly, attributable to its potentially regulatory effects on the CNS and peripheral muscles. However, it has to be mentioned that MSA techniques involved in previous studies are normally based on TCM theory or personal experiences. In views of TCM, obstruction of meridians, qi and blood stagnation, or poor nourishment of muscles and tendons after stroke consequently led to edema, pain, numbness, stiffness and disadvantageous movement of distal limbs. Intensive amount of needle stimulation (e.g., relatively strong but tolerable stimulation intensity, large stimulation area or relatively long-durational needle retention) integrated with tailored motor training determines that MSA plays a meaningful role in accelerating the flow of qi and blood, unblocking meridians and easing muscles in PSS patients (50). However, the intervention timing and course, acupoint-selection, and exercise mode are different among them, limiting the curative efficacy and credibility of MSA studies to some extent. To further optimize treatment protocol of MSA for PSS, certain insights based on the practice implications are provided from the following aspects.


Intervention timing and course

Proper intervention within optimal time window could facilitate neuroplasticity, and to a great extent, avoid maladaptive neuroplasticity (spasticity). Neuroplasticity begins within hours after ischemia, peaks at 7–14 days poststroke in rodent animals (102), while it peaks within 3 months poststroke in human beings (79). It has been found that in animals, a very early exercise within 24 h poststroke results in overexpressed inflammatory responses (103). Conversely, rehabilitation commencing later (24–72 h poststroke), is favorable to suppressions of ischemic volumes (82), inflammations (104) and apoptosis (105), yet promotion of neurogenesis (83). Similar outcomes are observed in human beings that exercise less than 24 h after stroke is related to infarct expansion (106), but within 72 h is considered beneficial (107). Considering that early acupuncture intervention could induce significant ischemia tolerance (108, 109), and the intensity of motor training (active/passive body movement-based) in MSA is relatively moderate, on the basis of internal medicine care that helps to open the obstructed blood vessels timely (e.g., application of recombinant tissue-type plasminogen activator, t-PA) (110), it might be a feasible choice to apply MSA as early as possible (after hyperacute phase, ≥24 h), and to insist on it at least 2 to 3 months as most of previous MSA studies did (33, 34, 54, 65, 66), for stroke patients to actively combat ischemic injury and facilitate neuroplasticity.



Selection and application of MSA techniques

Previous research has demonstrated that pathogenesis of spasticity in the early subacute phase (> 7 days–< 3 months) after stroke could be explained by neural changes; whereas, as time goes by, during the late subacute to chronic stages (≥3 months-2 years), it might link with intrinsic muscle alterations (4). A factorial study supported the view that both “needling stimulation” and “acupoint selection” contribute to the acupuncture efficacy (97). Although there is insufficient scientific evidence of high-quality suggesting that needling technique wields more impacts on the clinical result, some experts have argued that it is more important to perform suitable acupuncture techniques than to select exactly the right acupoint with routine needling technique (111). Therefore, the choice of needling technique should also be flexible for spasticity treatment at different poststroke phases. In light of previous evidences from the clinic to the laboratory, also taking needling features of MSA techniques into consideration, an auxiliary MSA treatment protocol for PSS is designed as follows.

Early after a stroke (in the hyperacute and acute phases), before spasticity forms, treatment should focus mainly on promoting neuroplasticity and avoiding maladaptive neural reorganization. Given that scalp acupuncture tends to enhance cerebral blood reperfusion and facilitate integration and cooperation of sensorimotor cortex network (86, 112, 113), and also considering that the contralateral needling (in healthy side) in DN technique might activate the uncrossed CST to compensate for contralateral CST, which is based on symmetry constraint (114), MSSA and DN techniques are therefore recommended in the early poststroke stage, in light of facilitating neuroplasticity and neuromodulation. Over time, stroke patients, without effective intervention, would undergo a series of motor impairments, such as synergic movement pattern and different degrees of spasticity. At this time, not only the CNS lesions should be considered, but the changes in the intrinsic muscle properties should be paid attention to. As connective tissue adhesion and increased proportion of type I muscle fibers potentiate the degree of spastic hypertonia (53, 92), applying waggle needling at disordered muscles (the tender point or tendon-related acupoints) with multi-directional lifting-thrusting method can be regarded as a good way to sooth spastic muscle and improve its structure (28, 29). Besides, except for directly acting on local areas as waggle needling does, FSN possesses the ability in immediate pain-relieving by loosening connective tissue adhesions with swaying method (54, 57, 61), which ultimately helps with restoration of mechanical alignment and improvement of motor performance.

Moreover, it is noteworthy that both hemodynamics and electrophysiology studies support the view that stroke patients who have received bilateral needling showed preferable effects as compared to unilateral needling (115–117). After treatment, the blood velocity of ACA, MCA, PCA or basilar artery was all strengthened among the unilateral needling, bilateral needling and conventional medicine groups (p < 0.01 or p < 0.05). Most importantly, the blood velocity of ACA, MCA and basilar artery (contralateral side) in the bilateral needling group was superior to unilateral needling group (p < 0.05). Likewise, bilateral needling group had more advantages in the improvement of SEP responses (e.g., reduction of latency, increasement of amplitude, reproduction of missing amplitude), hinting that neurons and fibers recruited during bioelectrical activity were increased, and so was bilateral cortical excitability to some extent. In addition, rehabilitation research demonstrated that bilateral hands rehabilitation led to decreased intracortical inhibition yet increased intracortical facilitation in stroke patients, while these alterations only occurred in the contralateral hemisphere in patients with unilateral hand training (118, 119). In line with these mechanisms of improvements after stroke, applying MSA bilaterally might be a noteworthy insight due to its better effects on enhancing neuroprotection and rebalancing of interhemispheric inhibition.



Learning from and integrating with modern rehabilitation strategy

In view of the fact that the exercise mode in most of MSA techniques is active/passive movement of the disordered limb, lacking of standardized rehabilitation strategy, to some extent, limits curative efficacy of MSA in real clinic settings. Because of the complexity and variability of PSS, apart from classic pharmacological modulations on CNS, advanced rehabilitation strategies targeting to improve peripheral muscle conditions (11, 120–122), for instance, biomechanical restoration via muscle stretching, improvement of motor control by body weight–supported treadmill training or robot-assisted training, enhancement of muscle strength by resistance training program or aquatic therapy, and improvement of endurance via treadmill exercise and circuit training, are worthy to be learned and implemented in the portion of motor training in MSA practice. Of course, the intensity of motor training should also depend on the patient’s condition. For patients with mild to moderate motor impairments, active motor trainings such as weight–supported treadmill training or task-oriented training are particularly recommended during MSSA and FSN treatments, because transverse needling could ensure the range of movement as large as possible. On the contrary, passive motor trainings, e.g., muscle stretching, robot-assisted training, proprioceptive neuromuscular facilitation, are more suitable for those with severe neurological impairments that cannot perform tasks by themselves, and can also be combined with MSA techniques flexibly. Notably, stroke patients tend to manifest less endurance with easy fatigue (2). Thus, the frequency and intensity of needling manipulation and motor training should not be in a state of excess, that is, avoidance of a single excessive stimulation to insure against hyperalgesia (26, 123). Instead, with the suggestion that repeated needling manipulation and motor training at proper intervals during needle retention is taken into consideration along with achieving proper stimulation intensity and tolerance of patients. For safety reason, the patient’s body position should be adjustable and comfortable throughout the whole treatment process to avoid acupuncture-related adverse-events such as bending or breaking of the needle, or fainting during treatment.



Predictive and aggravating factors of spasticity

The aim of PSS treatment should take into consideration not only alleviation of spastic hypertonia but its underlying impact on motor rehabilitation. Early positive treatment may not terminate PSS progress, but may greatly reduce the incidence of severe spasticity and prevent intractable complications (8, 124). Certain factors are reckoned as important and independent predictors of PSS: lesion location (especially in the brain stem), degree of neurological impairments (severe paresis and hemihypesthesia, National Institutes of Health Stroke Scale >2, Mini-Mental State Examination <27), functional limitations (Modified Rankin Scale >2, low BI), large infarct volumes, increased MAS score, younger age and stroke-related pain (8, 125). Thus, to know these possible PSS predictors and to solve these problems pointedly with certain neuroprotectants, e.g., calcium channel blockers, Glu antagonist, free radical scavenger, or anti-inflammation drugs are advantageous to reduce the stress response under brain pathological conditions, inhibit inflammatory responses, and promote neural regeneration and neural repair in acute ischemic stroke, which may create positive prerequisites for MSA techniques to achieve the best therapeutic outcomes (126, 127).

Besides, clinical observations have also indicated that spasticity changes with posture, temperature weather (worse in cold), pain and emotion (anxiety, anger) (6). Tailored and systematic TCM nursing protocol, for example, normal limb placement plus exercise nursing, body warm-keeping with moxibustion or hot compress therapy, pain care as well as emotional nursing care (128), are especially recommended to deal with up-mentioned aggravating factors. Meanwhile, given that poor nutritional status is common among stroke survivors that not only leads to muscle loss but negatively impacts on poststroke recovery (129), positive solution to malnutrition is therefore considered as a meaningful supplement for the conventional treatment.




Limitations and future research

Although acupuncture, in particular MSA techniques, is supported by a vast amount of clinical and experimental results in dealing with various motor impairments following stroke, however, there still exists certain limitations. Quite a few MSA studies are limited to relatively small sample sizes. In addition, other factors including methodological deficits in randomization, inconsistent assessment of spasticity (e.g., using different scales), subjective evaluations (clinical scale-based evaluations like MAS and FMA), incompatible inclusion/exclusion criteria (e.g., ischemic or hemorrhagic stroke types), differences in the time between stroke onset and assessment, differences in the intervention timing and course, acupoint-selection, comparatively simple exercise mode used in MSA techniques, absence of long-term follow-up, partly reduced the quality of the current MSA studies. Few studies were able to determine whether the observed effectiveness of MSA was due to placebo effects, the intensity of practitioner contact, or the physiologic effect of needling. In brief, although positive outcomes were found that the antispastic effects of MSA outdo conventional acupuncture alone, rigorous evidence-based meta-analysis is highly expected in the future, to provide acupuncturists with more powerful guidance.

For better verification of the efficacy of MSA techniques on PSS, we propose that controls such as routine needling and sham needling, should be designed in future clinical studies, including patient’s self-report of needle sensation as well as objective measurements which may optimize clinical outcomes and improve patient adherence (130–132). Use of valid and reliable assessment tools, such as iEMG and shear wave elastography (133), could produce safe and timely evaluation on peripheral muscular changes. Functional magnetic resonance imaging (fMRI) (6, 86) and repetitive transcranial magnetic stimulation (rTMS) (134), could evaluate the excitability of individual brainstem nuclei and cortex in real-time respectively, and thereby provide direct evidences for neuromodulation mechanisms of MSA against PSS. Diffusion tensor imaging (DTI) can help us to observe the microstructural changes of fibers like CRP (40). In addition, the acoustic startle reflex (ASR), a brainstem-mediated reflex via RST, is also a good way to examine RST excitability non-invasively (135). Certain objective methods for PSS assessment and their prospective applications in MSA studies are exhibited in Figure 2.
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FIGURE 2
 Advanced methods for spasticity assessment and their potential application in future motion-style acupuncture research. ASP: acoustic startle reflex, CRP: corticoreticular pathway, DTI: diffusion tensor imaging, fMRI: functional magnetic resonance imaging, iEMG: integrated electromyography, MEP: motor evoked potential, rTMS: repetitive transcranial magnetic stimulation, RST: reticulospinal tract, SEP: somatosensory evoked potential.




Conclusion

With the trend of aging population worldwide getting more obvious, the incidence of stroke is increasingly high. Spasticity, as a major medical problem following stroke, usually leads to abnormal posture and movement patterns, and greatly reduces the quality of life in patients. Unfortunately, the pathogenesis of PSS has not been fully understood till now, and its ideal and specific treatment regimen is deficient. Previous studies have demonstrated that occurrence of spasticity correlates with abnormalities in the central modulation and muscular adjustment. Facing the complicated situation, multidisciplinary approaches that could reconcile the central with the peripheral is considered as a noteworthy insight for doctors and researchers in the management of spasticity. As a portion of comprehensive remedy of PSS, MSA techniques, which are unique in that effective and synchronous combination of acupuncture and rehabilitation, have shown promising practical values in the clinical settings, with meaningful reduction in spastic hypertonia and improvement in motor performance, which may correlate with improvements of neuroplasticity and muscle condition. In order to ensure the effectiveness of treatment, it is necessary to consider not only the intervention timing and course, choice of needling technique, stimulation intensity, acupoint-selection (local/remote, bilateral/unilateral), exercise mode, predictive/aggravating factors of PSS, but the specific conditions (e.g., poststroke phases, extent of neurological deficit) and tolerance of patients (e.g., fatigue tolerance, pain tolerance). To avoid decreased efficacy and tolerance of acupuncture induced by frequent application of traditional acupoints and the same needling technique, using MSA techniques alternatively can be regarded as a feasible choice, especially suitable for those with long and complex disease progression. We hope this review can provide certain new insights for future research on acupuncture against PSS. Given that the quality of the current MSA studies is not optimal, rigorous study design, valid assessment tools for spasticity and related animal studies are expected to provide more substantial scientific evidences for MSA studies.
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