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Background: Post-stroke shoulder-hand syndrome (PS-SHS), a common neurological comorbidity after stroke episodes, poses 
a grave threat on patients’ functional recovery. Preliminary trials have demonstrated that the acupuncture and moxibustion treatment, 
including a dermal acupuncture tapping method known as plum blossom needling (PBN) can improve pain and motor dysfunctions in 
patients with PS-SHS. However, there are few reports describing simultaneous moxibustion treatment in combination with PBN. 
Hence, a novel plum blossom needle device with mild moxibustion (PBNMM) was developed to evaluate its potential efficacy and 
safety in patients with stage 1 PS-SHS.
Materials and Methods: This multicenter, sham-controlled, randomized controlled trial (RCT) will recruit 102 eligible patients with 
stage 1 PS-SHS from three clinical centers, randomly allocated in a ratio of 1:1:1 to the PBNMM group, PBNMM with no moxa 
smoke (PBNMM-NMS) group and sham control group. Patients in each group will receive a 30-minute treatment once per day for 4 
weeks, with 5 consecutive sessions per week, for a total of 20 sessions. The primary outcome measure will be defined as the decreased 
scores from baseline in the visual analog scale (VAS) assessment at week 4. Secondary outcome measures will include scores on the 
Fugl-Meyer Assessment of the Upper Extremity Scale (FMA-UE), the Modified Barthel Index (MBI), and the somatosensory evoked 
potential (SEP) records. All outcomes will be evaluated at baseline and weeks 4, 5, 6 and 10, and the intention-to-treat analysis will be 
applied.
Conclusion: This study aims to provide robust evidence for the efficacy and safety of the PBNMM for PS-SHS treatment, as well as 
the specific impact of moxibustion smoke itself in dealing with PS-SHS.
Clinical Trial Registration: Chinese Clinical Trial Registry No. ChiCTR2200062441. Registered on 7 August 2022.
Keywords: plum blossom needling, mild moxibustion, novel device, post-stroke shoulder-hand syndrome, protocol, randomized 
controlled trial
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Introduction
Stroke, regarded as the top leading cause of death and disability, exerts heavy economic and social burdens worldwide.1–3 

Post-stroke shoulder-hand syndrome (PS-SHS), also known as post-stroke complex regional pain syndrome, was first 
observed by Oscar Stejnbroker,4 and is experienced by up to 50% of stroke patients.5 Stage 1 PS-SHS is usually 
characterized by the regional pain, spasticity, sympathetic dysfunction and motor impairment.6–9 Of note, it is challenging 
for clinicians to prevent its progression from stage 1 to its end-stage presentation of irreversible joint degeneration and 
amyotrophy.10 The current interventions for PS-SHS treatment vary a lot, including physical rehabilitation, pharmaceutical 
therapy and neuromodulation. However, there is insufficient evidence or general expert-based consensus to support their 
efficacy and safety.11 Despite prospects for effective and feasible treatment for PS-SHS beginning to emerge, for example 
with a recent high quality clinical trial demonstrating that vagal nerve stimulation paired with rehabilitation may improve 
PS-SHS outcomes,12 this surgical approach will still be invasive and device-implanted, causing the potential extra risk and 
heavy economic burden. More therapeutic strategies for PS-SHS are still yet to be explored.13–15

Acupuncture and moxibustion, two essential components of Traditional Chinese Medicine (TCM), are considered 
equally potent therapeutic modalities that have historically been applied together in clinical treatments since ancient 
times.16 Acupuncture has been reported as an effective treatment method for various diseases, including PS-SHS.17–20 In 
contrast to some of the most commonly used insertional acupuncture needling techniques, the conventional plum blossom 
needling (PBN) is the one that provides superficial dermal stimulations simply by tapping along the pathway of meridians 
with its seven short filiform needles (1mm in diameter and 5mm in length) on the face of a hammer (15cm in length) 
(Figure 1A). Therefore, this technique is potentially more convenient for practitioners and more tolerable for patients 
because of its painless nature. Some recent clinical trials highlighted the use of PBN for the treatment of dermatologic and 
psychiatric issues.21–26 At the same time, other clinical results showed that PBN could also alleviate the upper limb post- 
stroke spasticity due to its potential effect of activating the regional blood circulation and restoring regional neurological 
impairment with the mild stimulation, which could possibly prevent from provoking the increase of spasticity.27,28

Moxibustion has been utilized for more than 2000 years in China as a form of preventive medicine, as well as for 
disease treatment. Presently, mild moxibustion (MM), one of the most popular forms of moxibustion application, is 
a technique that involves warming the skin and subdermal tissues using aged moxa floss that has been ignited and 
suspended over acupoints at a comfortable distance. MM, also known as indirect moxibustion, is a gentle and safe 
procedure with broad clinical applications, and it has also been explored as an adjunctive component in the rehabilitation 
of patients suffering from PS-SHS.8,29 Radiant heat, as well as chemical components liberated in volatile oils, other 
vaporized substances and moxibustion smoke (MS) generated through the combustion process, have been reported as 
being potential factors that drive the clinical effects of MM.30–33 Moxibustion utilized for PH-SHS rely on its favorable 
effects for regional skin congestion improvement, capillary expansion, activations of blood and lymph circulation, 
sedation and analgesic nature.34,35

Figure 1 (A) conventional plum blossom needling (PBN); (B) novel plum blossom needle with mild moxibustion (PBNMM).
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Despite the improved policies of public health and ways of healthcare delivery, the burden of stroke has been increasing 
in China.36 Stroke patients have to spend hours on commuting and waiting before they finally receive treatments of PBN or 
MM once at a time, conducted by clinicians in hospitals, which is time-and-economy consuming. Considering the low cost 
of PBN and the convenience of MM, our team has developed a novel device with an authorized patent by the State 
Intellectual Property Office of China (No. ZL 202020221246.2) called “plum blossom needle with mild moxibustion 
(PBNMM)” (Figure 1B), which is able to efficiently deliver both of these treatment modalities simultaneously. What’s 
more, PBNMM could even be utilized in the community or family care through a comprehensive training. Therefore, this 
device is designed with the goal of alleviating pain and improving upper limb motor dysfunction for Phase 1 PS-SHS 
patients due to its characteristics of high-efficiency, low cost, easy acceptance and time-saving.

Given the considerable advantages and potential mechanisms of PBNMM in producing contributory effects in PS- 
SHS, a clinical trial will be conducted not only to evaluate its efficacy and safety of for upper limb pain disorder and 
motor dysfunction of stage 1 PS-SHS patients, but also to explore its feasibility in further widespread clinical practice.

Methods
Trial Design and Setting
This is a prospective, single-blind, sham-controlled, randomized controlled trial (RCT) that will be conducted at three 
medical centers in Beijing, China, including Beijing Huguosi TCM Hospital affiliated with Beijing University of Chinese 
Medicine (BUCM), Beijing Shichahai Community Healthcare Center, and Beijing Xiaotangshan Hospital, with assis-
tance and guidance from Dongzhimen Hospital BUCM, Guang’anmen Hospital, China Academy of Chinese Medical 
Sciences, and Xuanwu Hospital Capital Medical University. A total of 102 eligible patients with stage 1 PS-SHS from 3 
clinical centers will be randomly recruited and allocated in a ratio of 1:1:1 to (A) the PBNMM group, (B) the PBNMM 
with no moxa smoke (PBNMM-NMS) group, and (C) the sham control group. Patients in each group will receive the 30- 
minute treatment once per day for 4 weeks, with 5 consecutive sessions per week, for a total of 20 sessions. The primary 
outcome will be defined as the decreased scores from baseline in the visual analog scale (VAS) assessment of the 
intensity of regionalized pain in the affected upper limb at week 4. Secondary outcome measures will include scores on 
the Fugl-Meyer Assessment of the Upper Extremity Scale (FMA-UE), the Modified Barthel Index (MBI), and the 
somatosensory evoked potential (SEP) records. All outcomes will be evaluated at baseline and week 4, 5, 6 and 10 post- 
randomization. This trial protocol follows the Consolidated Standards of Reporting Trials (CONSORT) reporting 
guideline and the Standards for Reporting Interventions in Clinical Trials of Acupuncture (STRICTA) guideline, the 
Standard Protocol Items: Recommendations for Intervention Trials (SPIRIT) 2013,37 and details of the intervention are 
described in accordance with the Template for Intervention Description and Replication (TIDieR) checklist for reporting 
placebo and sham controls.38 The study has been pre-registered (No. ChiCTR2200062441) before the first participant’s 
recruitment. The study’s flow chart and schedule chart are presented in Figure 2 and Table 1, respectively.

Recruitment of Participants
Participants who meet the criteria and sign the informed consent documents will be eventually recruited in these three 
clinical centers through our official websites, social media and bulletin boards. The recruitment is expected to begin on 
December 1, 2022 and end in June 2024.

Inclusion Criteria
Participants who meet the following criteria will be included, and a minimal 1-week washout period will be enforced:

1. Patients diagnosed by cerebral computed tomography (CT) or magnetic resonance imaging (MRI) and character-
ized by upper limb pain and motor dysfunction.39,40

2. Within 90 days following the onset of stroke episodes.
3. Patients suffering from stroke for no more than two times with the muscle strength greater than grade II and 

muscle tone less grade II on the affected side.
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4. Male and female patients between the ages of 35–76 years old, and no restrictions on any other demographic 
factors.

5. Patients with the stable vital signs, (ie, heart rate of 60–105 beats per minute, blood pressure of 100–140/60-90 
mmHg, pulse oximetry of 95–100% oxygen saturation on room air, and respiratory rate of 16–22 breaths 
per minute).

6. Patients with a full understanding and total agreement with the purpose of this study, explained by researchers in 
details. And willingness to participate and cooperate, by signing the informed consent documents, with the 
reserved right to withdraw from the study anytime for any reason.

Figure 2 Study flow chart.
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Exclusion Criteria
Participants who meet the following criteria will be excluded:

1. Patients with diagnosis of any cerebrovascular diseases other than stroke.
2. Patients with a diagnosis of any severe psychiatric disorder that would significantly impair the individual’s ability 

to participate in the clinical trial.
3. Patients with an abnormal pain threshold caused by thalamic allodynia.
4. Patients with MS intolerance, current pulmonary infection or any history of chronic respiratory diseases.
5. Any pre-existing soft tissue injury of the shoulder, including dislocation or subluxation, that occurred prior to the 

onset of stroke.
6. Any other treatments rather than this protocol.

Randomization
The randomization sequence, which employs block randomization method without stratification using the Matlab 
software (The MathWorks, Inc., USA), will be generated by an independent statistician who will not be involved in 
the intervention procedure and had no direct contact with

the study participants, and kept in an opaque sealed envelope. The block size will be also concealed rigorously. The 
envelopes with only randomization numbers will be unsealed by treatment providers who will be informed of the group 
allocation and detailed treatment protocol, after a feasible participant has signed the informed consent documentation. 
The subjects’ identification codes will be recorded on the case report forms (CRFs) and randomization envelopes.

Blinding
Due to the nature of the interventional RCT and PBNMM intervention, all treatment providers must be informed of the 
allocation and the detailed treatment procedure. However, all participants will be blinded throughout the whole course. 
The novel autonomously-designed PBNMM device (manufactured by the Beijing Zhongyan Taihe Medical Instrument 
Co., Ltd) that will be applied is constructed entirely of steel. Seven short filiform needles with dimensions of 1 mm in 

Table 1 Study Schedule Chart

Time Point (Weeks) Study Period

Enrollment Baseline Treatment Follow-Up

−1 0 4 5 6 10

Enrollment
Eligibility screen ×
Informed Consent ×
Demography ×
Medical history ×
Allocation ×
Interventions × ×
Assessments
VAS × × × × ×
FMA-UE × × × × ×
MBI × × × × ×
SEP × × × × ×
Safety evaluation × ×
AEs × ×
Follow-ups × × ×

Abbreviations: VAS, visual analog scale; FMA-UE, Fugl-Meyer Assessment of the Upper Extremity; MBI, Modified Barthel Index; SEP, 
somatosensory evoked potential; AEs, adverse events.
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diameter by 5 mm in length are studded at the base of this device, 1 cm apart from each other, in an arrangement that is 
similar to the structure of a conventional plum blossom needle. A chamber of 20 mm diameter and 30 mm length was 
also innovatively designed within the head of the hammer, in which a lit moxa stick is placed inside. For air and smoke 
ventilation, four apertures of 3 mm diameter each have been placed at the base, as well as four apertures of 8 mm 
diameter each on the wall of the device.

For the sham control group, a modified PBNMM device will be used, in which the tips of the seven short filiform 
needles will be dull instead of sharp, in order to minimize needle stimulation on the dermal tissues. Additionally, charcoal 
moxa, which generates only small amounts of visible smoke, will be placed inside of the modified device instead of 
conventional moxa. Several insulation layers, consisting of aluminum foil combined with high silica glass fiber, will also 
be placed within the chamber at the base of the modified device, in order to limit the transmission of radiant heat 
(Figure 3B). These blinding measures are intended to ensure that the sham devices will all externally appear to be 
identical to the verum devices (Figure 3A). Additionally, all participants will wear eye masks throughout the treatment to 
further ensure the implementation of blinding. The rehabilitation assessors responsible for treatment outcomes, and the 
statisticians responsible for the outcome analysis, will also be blinded to the participants’ classification, which will not be 
revealed until the final data analysis report is completed.

Interventions
Throughout this clinical trial, all participants’ vital signs will be closely monitored and standard-of-care medical 
treatment, including any necessary medications, will be provided to help maintain hemodynamic stability. 

Figure 3 The exterior view (A) and the interior view (B) of PBNMM and sham-PBNMM devices.
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Additionally, each participant will continue to participate in a standard-of-care physical and occupational therapy 
program to address their basic rehabilitation needs.

Each participant will be treated individually, alone in a treatment room with the treatment provider, without any 
ability to communicate with any other participants. The indoor temperature will be maintained within a range of 24 ± 3 
°C and the humidity will be maintained within a range of 50 ± 5%, and these environmental parameters will be 
continuously monitored using the thermometer and hygrometer functions of a weather meter (Kestrel NK3000, USA). 
We have selected treatment facilities in which no interior remodeling has been performed over the past three years, in 
order to help minimize the presence of any volatile chemical substances in the air. Only one window in the treatment 
room will remain slightly ajar, in order to provide air and smoke ventilation and maintain a stable ambient concentration 
of particulate matter (PM) with an aerodynamic diameter of less than 10 mm (PM10). Each participant will lie down in 
a lateral decubitus position, with the healthy side down, and will face away from the treatment provider and wear eye 
masks during the session. All the tapping regions will be regularly disinfected. At the conclusion of each session, the 
participant and treatment provider will both vacate the room and all remaining MS will be removed through air 
ventilation. As noted above, all conventional moxa floss utilized in this study will have been aged for three years.

Sham Control Group
As described above, the novel PBNMM device will be modified by adding an insulation layer that fully occludes the four 
ventilation apertures located at its base. One smokeless charcoal moxa stick will be lit and sealed inside of each modified 
device to minimize smoke production. A few minutes later, the complete consumption of all oxygen within the base-sealed 
chamber will invisibly extinguish the charcoal moxa without any external indications that the fire has been quenched. The 
tips of the seven short filiform needles on the face of the modified PBNMM device will be dull, rather than sharp. The 
device will be held by the end of its handle, which measures 17 cm in length, and gently tapped along two sham meridian 
pathways, each being located 1 cun (a unit of measurement that is used in acupuncture) away from each verum meridian 
pathway, as listed in Supplementary File, where the most painful points were localized according to our team’s previous 
clinical results.41 Each sham meridian pathway will be tapped gently back and forth for 15 minutes at a frequency of 140 
taps per minute, in a manner that leaves no marks or discoloration of the overlying skin in these regions.

PBNMM Group
The novel PBNMM device will be utilized in its conventional design, with seven short, sharp filiform needles studding 
its face, and with one conventional moxa stick lit inside. No thermal insulation barrier will be present. Instead, a metal 
mesh will cover the inside of the chamber’s base, in order to catch any falling ashes and prevent them from landing on 
the participants’ skin. After local skin disinfection using cotton balls with 75% ethanol, the verum device will be also 
held by the end of its handle, which also measures 17 cm in length, and will be gently tapped along the two verum 
meridian pathways as stated above, in such a manner that the overlying skin in these regions will become slightly reddish 
and warm by the conclusion of the treatment session.

PBNMM-NMS Group
One lit stick of smokeless charcoal moxa will be placed inside of an unmodified PBNMM device, and the rest of the 
intervention procedures will be identical to that of the PBNMM group.

For all groups, each treatment will last for 30 minutes and will be provided once per day, five days each week, over a course of 
four weeks. Given the fact that levels of moxibustion smoke concentration (MSC) may vary at different distances from the locus 
of combustion, once each week during the interventions in all groups, a portable microcomputer dust monitor (Model No. LD-5C 
[B], Beijing Lvlin Innovation Digital Technology Co., Ltd) will be utilized in order to record the MSC in PM10. This dust monitor 
will be placed at a distance of 5 cm from each participant’s nostril, where the measurements should closely reflect the MSC in the 
air that each individual is actually inhaling. Based on our pre-test results, the average PM10 concentrations in the three groups are 
projected to be (A) 0.03 ± 0.02 mg/m3, (B) 0.97 ± 0.16 mg/m3 and (C) 0.32 ± 0.12 mg/m3, respectively. In all groups, once each 
week, the dermal temperature in the region of intervention will be recorded at the conclusion of treatment using a non-contact 
thermometer (BOSCH GIS500, Germany).

Journal of Pain Research 2023:16                                                                                                     https://doi.org/10.2147/JPR.S396195                                                                                                                                                                                                                       

DovePress                                                                                                                         
413

Dovepress                                                                                                                                                            Meng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=396195.docx
https://www.dovepress.com
https://www.dovepress.com


Outcome Measurements
Primary Outcome
The change in the visual analog scale (VAS) pain assessment from baseline to week 4 has been designated as the primary 
outcome measure. Pain is the most common symptom of PS-SHS and usually disables upper limb motor function or 
greatly limits the normal range of motion, thus contributing to further exacerbation of regional muscle spasm and 
eventually irreversible amyotrophy.39,42,43 With the VAS scoring system, a horizontal line of 100 mm in length will be 
utilized, with its left extreme of “0” which representing completely no pain, and its right extreme of “10” representing 
intolerable pain. On a scale of 0 to 10, participants will each rate their pain accordingly by marking a point along the 
straight line, in order to categorize the degree of pain that they experienced over a most recent period of 3 days.

Secondary Outcome
The FMA-UE will be utilized to quantify motor function on the affected side, as it is widely recognized for its consistency 
and reliability.44 This scale includes a systemic evaluation of motion, range of motion, and coordination of the affected 
joints of the upper limbs, and is composed of 33 items, with up to 2 points being awarded for performance on each item, and 
with a total possible score of 66 points overall. Higher scores generally indicate a better prognosis for improvement of upper 
extremity motor function. The FMA-UE is reliable (Cronbach’s α = 0.94~0.98) and valid (R = 0.68).45,46

The MBI is a functional assessment for evaluating post-stroke patients’ capacity for independently performing 
activities of daily living,47–49 and evaluates ten common daily activities, with a total possible score of 100 points. 
Lower scores indicate more severe impairment in the ability to perform independent self-care. The MBI is also reliable 
(Cronbach’s α = 0.90) and valid (R = 0.946).48,50 The two patient-reported scales applied to evaluate the clinical 
outcomes are of sufficient adequate reliability and validity. The outcome measures used here are common in stroke 
rehabilitation trials and are valid, reliable, and sensitive to change.

The somatosensory evoked potential (SEP) is commonly adopted as an objective indicator of functional recovery for post- 
stroke patients in the rehabilitation process.51,52 In our study, a standard electromyography device (Model: Viking Quest, 
Nicolet, US) will be applied for measuring SEP. The operation will be conducted in a room with average ambient temperature 
of 24°C. In accordance with the International 10–20 System for scalp electrode placement, participants in the supine position 
will have electrodes affixed over the contralateral somatosensory zone known as Cc’ and the reference zone known as Fz.53,54 

Constant current square wave pulses will be used to stimulate the median nerve at the affected wrist at a frequency of 2–3 Hz, 
with 0.1–0.2 ms duration, and 20–3000 Hz for overall band pass width with 200 responses and a 50 ms analysis timeframe. 
The potential and N20 amplitude as key indicators for functional recovery will finally be recorded.

Sample Size
The primary outcome in this clinical trial is the decreased VAS score as stated above. To the best of our knowledge, there 
are no any previously reports concerning PBN combined with MM for PS-SHS treatment. Based on our pre-test results, 
the decrease VAS scores (Mean ±Standard Deviation) among three groups were 3.39 ± 0.67, 2.99 ± 0.90 and 2.53 ± 0.81, 
respectively. The PASS 15.0 (Power Analysis and Sample Size) software was applied for sample size calculation. This 
study was designed with a difference test hypothesis. According to one-way analysis of variance F-Tests, a total of 87 
participants were considered necessary to achieve a significance level of 0.017 at a power of 0.8 in terms of multiple 
comparisons, 29 participants in each group. Assuming a 10% dropout rate, the final required sample size was expanded to 
34 in each group, a total of 102 participants.

Safety Evaluation and Adverse Events
Each participant’s vital signs will be closely monitored throughout the entire course of this clinical trial. Any potential 
adverse events (AEs), such as cough, reactive airway disease, infection, burns or dermatologic disorders, will be carefully 
monitored and recorded in case report forms (CRFs). Any severe AE that leads to instable vital signs and withdrawal 
from this trial will be treated with immediate standard-of-care medical intervention. At the conclusion of the study, each 
AE will be carefully analyzed, categorized and reported. Any dropouts occurring for any reason during the course of this 
trial will be documented in the CRFs as well.
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Data Management
The qualified evaluators will collect all patient data and meticulously record them on the CRFs. An independent 
researcher will also be designated as being responsible for reviewing and ensuring the accuracy of the CRFs. After 
the completion of this trial, all collected data will be input into an electronic database by two independent researchers, 
and then will be encrypted for privacy and in order to prevent any modifications. All paper and electronic data containing 
participants’ protected health information (PHI) will be kept confidential and stored safely by the researchers under the 
surveillance by the Medical Ethics Committees of Beijing Huguosi TCM Hospital, affiliated with BUCM.

Statistical Analysis
An independent statisticians will perform data analysis by using SPSS 21.0 among intention-to-treat population, defined as all 
randomly assigned participants with baseline data. Missing data will be treated via the last-observation-carried-forward method. 
For sensitivity analysis, a per protocol analysis (wherein participants completed at least 13 sessions, 65% treatment protocol) 
will be performed. We will also conduct the post hoc subgroup analysis to assess the effects of stroke subtypes on change of VAS 
at week 4. The chi-squared or Fisher’s exact test will be applied for categorical variables shown as the number and percent, such 
as gender, occupation et al. Considering that PS-SHS patients may be affected by differences in variables such as age, level of 
severity and time of onset, these potential continuous variables will be set as a covariate. Analysis of covariance (ANCOVA) 
will be used for continuous variables, described as mean ± standard deviation (SD), with the confidence interval (CI) at 95%, 
and a significance level of 5% (p < 0.05). To control for multiple comparisons, we will apply the least-significant-difference 
approach, in which pairwise intervention comparisons are measured at a given time only if the overall omnibus P value is 
statistically significant at 0.05. Cohen’s d will also be evaluated to measure the effect size of the difference. The effect size is 
normally interpreted as follows: 0.2, small effect size; 0.5, medium effect size; and 0.8, large effect size.

Quality Control
For better execution, experts of neurology, acupuncture-moxibustion, rehabilitation and statistics were consulted prior to 
drafting the final version of this protocol. The multidisciplinary discussions will be held once a month during the study 
period once per month during the study period. Only qualified researchers who have completed detailed training 
regarding the trial protocol may participate in this study. Only senior acupuncturists with more than five years of clinical 
experience will be permitted to administer the treatments, and only senior rehabilitation physicians with more than five 
years of clinical experience will be permitted to evaluate outcomes.

All collected data will be monitored by the Medical Ethics Committees at each medical center, with these independent 
entities having declared no conflicts of interest. A quality supervision team consisting of clinical experts will be 
established and will conduct the regular quality control once every two months.

Trial Status
The initial enrollment has not yet begun. The recruitment of participant is expected to begin on December 2022 and 
complete on June 2024.

Discussion
PS-SHS greatly threatens the survivors’ health and quality of life because of its high morbidity and disability rate.1–3,55 

To date, the clinical effectiveness of acupuncture and moxibustion as potential treatments for this condition have been 
demonstrated by a number of studies.8,56 The majority of these acupuncture studies focus the use of the filiform needle. 
However, PBN, which is another important method of treatment within the field of acupuncture, has been underutilized in 
both research and clinical practice. At the same time, the clinical safety and efficacy of MS, which is one of the factors 
that potentially drives the effects of moxibustion treatment, has also yet to be studied in depth as well.

PBN has thus far been mostly utilized as an alternative technique to conventional acupuncture needling, and is 
preferred in some situations because of its safety, painlessness and less invasive nature. Most published research on PBN 
to date focuses on dermatologic disorders, such as its use as an adjunctive treatment in Bowen’s Disease, with the 
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rationale that the technique may enhance topical drug delivery through the activation of regional blood circulation.21 

Previously published research has also reported that PBN may enhance the effect of photodynamic therapy on basal cell 
carcinoma through augmenting the effects of aminolevulinic acid-photodynamic therapy.24 A study result showed that 
recovery from wrist motor impairment following stroke was enhanced with the addition of PBN tapping along the 
affected meridians.27 Given the positive outcomes from an admittedly small number of studies addressing diseases in 
a variety of medical specialties, it is not hard to see how patients and the medical community could all benefit from an 
expansion of research regarding the clinical uses of PBN.

On the other hand, with rising concerns about the safety of MS in an era in which air pollution is rapidly becoming 
a global public health issue, it is urgent that clinicians and researchers thoroughly investigate both the efficacy and safety 
of MS, which has been associated with environmental air pollution as well. Some chemical compounds that are present in 
MS, including CO2, CO and formaldehyde (CH2O), are indeed hazardous to the health of human beings.33,57 Our team 
has conducted quite a few animal experiments. However, all results surprisingly demonstrated clinical efficacy and safety 
of MS under the carefully designed concentration, totally out of expectations.58–63 Therefore, our hypothesis is that the 
efficacy and safety of MS possibly should be affected by the level of MSC, moxa quality and duration of exposure in MS. 
Firstly, moxa aged more than three years is considered as quality guarantee for its characteristics, and the moxibustion 
duration usually lasts for 20–30 min for each session.64 Hence, moxa that has been aged for three years will be utilized in 
30-minute treatment sessions in this trial.

Based on a noteworthy study, the PM10 utilized to evaluate the air quality during moxibustion,65 was measured to be 
3.54 mg/m3 in a typical clinical moxibustion room in Beijing and Tianjin, China.66 Although there are very few published 
clinical trials that have examined the effects of various levels of MSC, a few animal studies have demonstrated how certain 
thresholds of different levels of MSC may be associated with beneficial biochemical effects. One murine study showed that 
exposure to MS within a MSC range of 10–15 mg/m3 could help reduce the symptoms of Alzheimer’s disease in APP/PS1 
mice through regulating the tricarboxylic acid cycle.61 Another study reported that different levels of MSC also yielded 
positive anti-aging effects through modulating monoamine neurotransmitter activity, between the MSC levels of 5 mg/m3 

and 95 mg/m3.67 A toxic threshold study conducted in rats found that pulmonary function was adversely affected when the 
level of MSC reached to 168.76 mg/m3, although pulmonary function remained unaffected at the MSC level of 27.45 mg/ 
m3, with both thresholds being way above the typical MSC levels that are observed in actual clinical practice. A cross- 
sectional survey showed that long-term, regular exposure to MS in 803 acupuncturists who regularly practice moxibustion 
did not appear to have a significant causal relationship with respiratory symptoms or diseases.68

Because of safety concerns, significantly lower MSC levels will be cautiously employed in this trial as follows: 1.37 ± 
0.28 mg/m3 (PBNMM group), 0.53 ± 0.14 mg/m3 (PBNMM-NMS group) and 0.03 ± 0.01 mg/m3 (sham control group), 
with even the highest MSC level in the PBNMM group being 61.3% lower than the average MSC of 3.54 mg/m3 that has 
been observed to occur during conventional moxibustion treatments.66

Patients with PS-SHS rely heavily on the public health resources for treatment, leading to huge socioeconomic burdens. 
PBN and MM are both important components of acupuncture-moxibustion, but if a novel treatment could effectively combine 
these two therapeutic methods with simultaneous delivery, better clinical effects could potentially be expected with higher 
efficiency and at a lower cost. Therefore, our novel device PBNMM was developed for its low cost, ease of administration and 
potential for cost savings. Also, the novel PBNMM is constructed by metal with a bigger size comparing with the conventional 
PBN made of plastic, which could effectively enlarge the tapping area with relatively stronger stimulations.

The strengths of our trials are, if medical research can demonstrate its safety and effectiveness, this trial will be the first 
endeavor to employ this novel device, which may eventually become popularized for widespread use in community health and 
outpatient treatment centers, or even for at-home care of stroke patients by family members themselves, and help decrease the 
social and economic burdens of this disease. Also, this trial will take MSCs into consideration for its potential clinical efficacy. 
However, we do recognize that this trial does carry some limitations. Out of an abundance of caution regarding the safety of MS, 
this study will initially utilize a significantly lower MSC than that which is observed in typical clinical settings in which 
moxibustion treatment is administered. Additionally, a relatively small sample size consisting of an ethnically homogenous 
Chinese patient population at three hospitals in China may limit the immediate generalizability and global recognition of any 
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positive results that may be observed in this study. Only short-term follow-up has been designated for this trial initially as well, 
although the follow-up interval could also be expanded in the future.

Ethics Statement
This trial involving human participants will be conducted in accordance with the Declaration of Helsinki, and the protocol 
has been reviewed and approved by the Medical Ethics Committees of Beijing Huguosi TCM Hospital, affiliated with 
BUCM (No. 2022–04) shared with Beijing Shichahai Community Healthcare Center, and Beijing Xiaotangshan Hospital 
(No. 2022–71). All participants will have unhindered access to verbal and written explanations of the experimental protocol 
and encouraged to consult the details. Participants will be fully informed of this study and sign the informed consent forms.

Conclusion
In short, our trial will aim to establish a foundation of clinical evidence regarding the potential effects of MS and this 
novel PBNMM device in the treatment of patients suffering from PS-SHS, thus providing hope and an innovative new 
method of treatment for this difficult condition.
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