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ABSTRACT
Introduction Chronic musculoskeletal pain causes 
a significant burden on health and quality of life 
and may result from inadequate treatment of acute 
musculoskeletal pain. The emergency department 
(ED) represents a novel setting in which to test non- 
pharmacological interventions early in the pain trajectory 
to prevent the transition from acute to chronic pain. 
Acupuncture is increasingly recognised as a safe, 
affordable and effective treatment for pain and anxiety 
in the clinic setting, but it has yet to be established as a 
primary treatment option in the ED.
Methods and analysis This pragmatic clinical trial uses 
a two- stage adaptive randomised design to determine the 
feasibility, acceptability and effectiveness of acupuncture 
initiated in the ED and continued in outpatient clinic for 
treating acute musculoskeletal pain. The objective of 
the first (treatment selection) stage is to determine the 
more effective style of ED- based acupuncture, auricular 
acupuncture or peripheral acupuncture, as compared with 
no acupuncture. All arms will receive usual care at the 
discretion of the ED provider blinded to treatment arm. 
The objective of the second (effectiveness confirmation) 
stage is to confirm the impact of the selected acupuncture 
arm on pain reduction. An interim analysis is planned at 
the end of stage 1 based on probability of being the best 
treatment, after which adaptations will be considered 
including dropping the less effective arm, sample size 
re- estimation and unequal treatment allocation ratio (eg, 
1:2) for stage 2. Acupuncture treatments will be delivered 
by licensed acupuncturists in the ED and twice weekly for 
1 month afterward in an outpatient clinic.
Ethics and dissemination This study has been reviewed 
and approved by the Duke University Health System 
Institutional Review Board. Informed consent will be 
obtained from all participants. Results will be disseminated 
through peer- review publications and public and 
conference presentations.
Trial registration number NCT04290741.

INTRODUCTION
Over 40 million adults in the USA suffer 
from chronic pain, which is pain lasting 
3 months or longer.1 Musculoskeletal pain, 
one of the largest subsets of chronic pain 
conditions, leads to high rates of health-
care utilisation, increased opioid use, and 
poor physical, psychological and cognitive 
health.1 Musculoskeletal pain often results 
from an acute injury, and if not adequately 
treated, can transition to a chronic pain 
condition.2 3 Significant challenges exist for 
adequately managing musculoskeletal pain 
due to the heterogenous nature of its causes 
and pain symptomatology, and standard 
treatments are often ineffective.4 5 Addi-
tionally, numerous biological (eg, inflam-
matory mediators), psychological (eg, 
pain catastrophising) and social (eg, social 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Two- stage adaptive design balances improved im-
plementation with statistical power to measure ef-
fectiveness of acupuncture.

 ⇒ Two types of acupuncture, (battlefield) auricular and 
peripheral, enable efficient emergency department 
treatment and are compared with control.

 ⇒ Pragmatic design better replicates real- world condi-
tions but limits assessment of specific versus non- 
specific effects of acupuncture on pain outcomes.

 ⇒ Includes longitudinal delivery of acupuncture treat-
ments in both the emergency department and 
outpatient clinic for 1 month to treat acute muscu-
loskeletal pain.

 ⇒ Breadth of biopsychosocial outcomes to assess how 
acupuncture works and help bridge the gap be-
tween eastern and western medicine.
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support) factors (referred to collectively as ‘biopsycho-
social’ factors) contribute to the complexity of muscu-
loskeletal pain development, severity, progression and 
disability.6 Recent studies have begun to explore the 
role of biopsychosocial factors in the transition from 
acute to chronic pain and how they may serve as targets 
for intervention.3 7 One strategy to prevent the transi-
tion from acute to chronic pain is early intervention 
using non- pharmacological strategies that influence 
these biopsychosocial factors. The emergency depart-
ment (ED) represents a novel setting in which to test 
non- pharmacological interventions early in the pain 
trajectory with the goal of preventing the transition 
from acute to chronic musculoskeletal pain.

Acupuncture is a safe and cost- effective treatment for 
acute and chronic pain, particularly of the back, neck 
and shoulder.8 9 Furthermore, acupuncture has shown 
benefit in treating both pain and anxiety,8 and acts on 
numerous neural, endogenous opioid and inflamma-
tory pathways,10 thereby representing a broader biopsy-
chosocial intervention than other single pain treatment 
modalities. However, data on the use of acupuncture for 
pain management in the ED is limited since acupuncture 
practitioners are not currently standard or common-
place in US EDs.11 12 A recent meta- analysis of ED 
studies has shown acupuncture to be superior to sham/
placebo and equivalent or better than medications 
for pain reduction.11 13 Only three small pilot studies 
have compared acupuncture combined with usual care 
to usual care alone, with results favouring acupunc-
ture.11 14 No study has compared different acupuncture 
protocols (eg, battlefield/auricular acupuncture (AA) 
and peripheral acupuncture (PA)) to determine which 
is more efficacious, feasible or acceptable in the ED. 
Moreover, despite evidence that acupuncture is more 
effective with multiple sessions,15 prior ED studies have 
not included a longitudinal outpatient acupuncture 
component for post- ED pain management or longer- 
term outcomes.

Therefore, the purpose of this study is to determine 
the effectiveness, feasibility and acceptability of acupunc-
ture initiated in the ED and continued in a group clinic 
setting for treating acute musculoskeletal pain. The 
ED population is largely heterogeneous in sociodemo-
graphic composition and comprises populations previ-
ously excluded from acupuncture studies.16 A pragmatic 
randomised controlled trial can determine the extent to 
which ED patients will attend and derive benefit from 
the full acupuncture experience, while extending the 
scope and assessment of treatment effectiveness to a 
more broadly representative US patient population. We 
hypothesise that, when added to usual care, acupunc-
ture initiated in the ED and continued in an outpatient 
setting for 1 month is more effective than usual care alone 
at reducing acute musculoskeletal pain at 1 hour while in 
the ED and at 1 month after ED visit.

METHODS AND ANALYSIS
Study design
This pragmatic clinical trial uses a two- stage adaptive 
randomised design to determine the feasibility, accept-
ability and effectiveness of acupuncture initiated in the 
ED for treating acute musculoskeletal pain. The objective 
of the first (treatment selection) stage is to determine 
the more effective style of ED- based acupuncture, that 
is, AA based on the Battlefield Acupuncture protocol, or 
PA, as compared with no acupuncture (NA). The objec-
tive of the second (effectiveness confirmation) stage is 
to confirm the impact of the selected acupuncture arm 
on pain reduction. An interim analysis is planned at the 
end of stage 1 based on probability of being the best 
treatment,17 after which adaptations will be considered 
including dropping the less effective arm, sample size 
re- estimation and unequal treatment allocation ratio 
such as 1:2 ratio for effectiveness in stage 2. Acupuncture 
treatments will be delivered by licensed acupuncturists in 
the ED and up to two times per week for 1 month after-
ward in an outpatient clinic. In this pragmatic design, all 
study arms will receive usual care for pain management at 
the discretion of the ED provider who will be blinded to 
treatment arm.

Study setting and recruitment
Trial participants will be recruited from the Duke Univer-
sity Hospital ED, an urban academic tertiary care referral 
centre in North Carolina with 80 000 ED visits per year. 
All study screening, recruitment, informed e- consent 
(online supplemental appendix 1), and enrolment proce-
dures will be performed by trained clinical research coor-
dinators. Study acupuncturists will be available during 
enrolment to explain acupuncture treatment to eligible 
patients. Outpatient acupuncture visits will be sched-
uled with the study acupuncturists using secure HIPAA- 
compliant scheduling software and take place at the Duke 
Integrative Medicine Clinic. Patient recruitment began in 
February 2020 and is ongoing. The study start date is 10 
February 2020, and planned end date is 28 February 2023.

Eligibility criteria
Inclusion criteria
Participants must be adult (age 18 years or older) ED 
patients with pain in the neck, back, arms and/or legs 
and a clinical diagnosis of acute (≤7 days) musculoskel-
etal pain as determined by an ED provider, and able to 
read and understand the consent form in English. Partic-
ipants with acute exacerbation of chronic pain in which 
the acute component is ≤7 days will be included, as this is 
a common ED presentation.18

Exclusion criteria
Patients will be excluded if they are: (1) suspected to have 
a non- musculoskeletal cause of pain, (2) unable to receive 
acupuncture due to injury, infection or other contrain-
dication to the use of needles at acupuncture sites; (3) 
not possible to attend outpatient clinic (eg, visiting from 
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out- of- state); (4) unable to provide informed consent or 
to comprehend or complete study measures or proce-
dures due to cognitive impairment, including evidence of 
drug, medication or alcohol intoxication, or due to severe 
hearing or speech impairment; (5) unable to safely partic-
ipate due to critical illness, obvious bony deformity, other 
serious medical condition (including active COVID- 19 
infection) and/or based on ED provider judgement.

Randomisation and blinding
Subjects will be randomised 1:1:1 to one of three treat-
ment groups: (1) AA, (2) PA or (3) the control group with 
NA. The randomisation code will be computer generated 
by the Biostatistics, Epidemiology and Research Design 
Methods Core of the Department of Biostatistics and 
Bioinformatics, Duke University Medical Center. An 
unstratified block randomisation method will be used to 
generate the random allocation sequence, which will be 
stored in a secure electronic file accessible only by the 
acupuncturists to ensure allocation concealment. The 
research coordinator enrolling eligible patients will be 
blinded to the allocation sequence and randomisation 
assignments. After participant baseline measures and 
acupuncturist initial clinical assessment, the treating 
acupuncturist will open the randomisation file and assign 
the participant to the treatment group corresponding to 
the next sequential entry.

The participants and the acupuncturists will not be 
blinded to their treatment allocation. All other members 
of the ED clinical and research teams will be blinded. 
Round stickers will be applied to the ears of all participants 
at the battlefield protocol sites to blind these members 
to patient assignment while in the ED. If the participant 
reports an adverse event (AE), the research coordinator 
may become unblinded to record and address the event. 
Due to the adaptive nature of the statistical design, 
the statisticians and data safety monitoring committee 
(DSMC) will be unblinded to the control treatment arm 
in stage 1 to perform the interim analysis; the statistician 
analysing the data will remain blinded to the treatment 
arms. All other study investigators will remain blinded.

Interventions
Acupuncture will only be performed by licensed acupunc-
turists. For this study, two styles of acupuncture designed 
to increase feasibility in the ED will be employed: (1) AA 
will involve the placement of pyonex needles in up to 
five sites on each ear based on the previously developed 
battlefield acupuncture protocol to treat pain.19 20 (2) PA 
will involve the placement of needles in head, neck, arms, 
legs, hands and feet sites selected at the clinical discre-
tion of the treating acupuncturist based on acupuncture 
diagnosis as the primary mode of therapy.21 22 Acupunc-
ture sites on the torso (ie, chest, back and abdomen) will 
not be used, as accessing these sites is often logistically 
challenging in a busy ED environment. Both acupunc-
ture groups will receive acupuncture while in the ED. 
Afterwards, both groups will receive information and free 

access to acupuncture in an outpatient clinic for up to two 
times a week for 1 month after their ED visit. Our outpa-
tient acupuncture clinic is designed as a group- based 
clinic modified for COVID- 19- related social distancing to 
enhance access and affordability. All post- ED outpatient 
acupuncture treatments for both acupuncture groups will 
involve either PA, AA or both at the clinical discretion of 
the treating acupuncturist. The specific components of 
each acupuncture treatment will be recorded in details 
according to the revised Standards for Reporting Inter-
ventions in Clinical Trials of Acupuncture (STRICTA) 
recommendations.23 (3) The control group (NA) will not 
receive acupuncture in the ED and will be asked not to 
seek acupuncture treatment for 1 month after their ED 
visit. Control group participants will complete assess-
ments only, with the timing and content of their assess-
ments matching those completed by the intervention 
groups.

All participants in the control group and in both 
acupuncture groups will receive usual care for acute 
pain management at the discretion of their ED provider 
who will remain blinded to study arm. Usual care may 
include but is not limited to medications/analgesics, 
non- pharmacological strategies (eg, ice, heat, walking), 
and referrals to outpatient specialists and/or other 
non- pharmacological treatment providers (eg, physical 
therapy).

Outcomes
Outcome measures and biopsychosocial factors will be 
collected before randomisation (ED baseline), 1 hour 
after randomisation, and at 2 weeks and 1 month post- ED 
visit.

Primary outcome measures
The primary ED effectiveness endpoint will be the change 
in current pain score based on the 0–10 pain Numeric 
Rating Scale (NRS) from ED baseline to 1 hour post- 
treatment. The primary combined ED- outpatient clinic 
effectiveness endpoint will be change in 24- hour average 
NRS pain score from ED baseline to 1- month post- ED 
visit.

Feasibility will be assessed based on patient recruitment 
and retention rates both in the ED and with subsequent 
1- month follow- up. Acceptability will be assessed based 
on patient- reported satisfaction as well as outpatient 
acupuncture clinic attendance rates, with attention to 
reasons for attrition or differential acceptance rates for 
different groups of participants. Safety will be evaluated 
by recording any AEs, with common reasons to include 
bleeding, bruising, or pain at the needle sites. Serious 
AEs (SAEs) are expected to be extremely rare given 
previous highly favourable safety data on acupuncture, 
and include infections, hospitalisations and deaths.21 24

Secondary outcome measures
Secondary outcomes will include patient function, quality 
of life and biopsychosocial factors.
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Function and quality- of- life will be measured at ED base-
line, 2 weeks and 1 month across several different domains, 
including pain interference, fatigue, depression, anxiety, 
sleep disturbance, physical function, social function and 
cognitive function, using the validated PROMIS- 29 and 
Neuro- QoL instruments.25 26 Given the acute time course 
of pain (7 days or less) for eligible participants, the time-
frame for the PROMIS- 29 questions will be modified from 
‘over the past 7 days’ to ‘over the past 24 hours (1 day)’ 
for the ED baseline assessment only. We will also measure 
patient- reported medication use, including opioid and 
non- opioid medications. Opioid use will be assessed 
through patient report in the past 24 hours and in the 
past 7 days, as well as by electronic medical record (EMR) 
data extraction of prescriptions written during and up to 
1 year after the ED visit.

A comprehensive set of biopsychosocial factors will be 
measured at ED baseline and 1- month follow- up. These 
include:

 ► Patient demographics including age, sex, race, 
ethnicity, employment, marital status, education, 
income and insurance status.

 ► Pain characteristics including anatomical location of 
pain, duration of current episode of musculoskeletal 
pain, and history of prior episodes of musculoskeletal 
pain.

 ► Degree and type of social support, including instru-
mental, informational and emotional support, will be 
measured using the PROMIS Social Support four- item 
scales.27

 ► All non- medical substance use, including opioid 
misuse, through the validated ASSIST tool.28

 ► Presence and severity of chronic pain using a recently 
validated simplified version of the graded chronic 
pain scale derived from the three- item Pain, Enjoy-
ment and General activity (PEG) score and degree of 
activity limitations.29 30

 ► Symptoms of systemic pathology will be measured 
using the validated Optimal Screening for Prediction 
of Referral and Outcome Review of Systems (OSPRO) 
tool, which predicts pain outcomes after musculoskel-
etal care in outpatient physical therapy settings.31 32

 ► Pain- related psychological distress using the vali-
dated concise OSPRO Yellow Flag tool, an assessment 
tool for measuring psychological response to pain 
including pain coping, catastrophising, fear- avoidance 
and mood.32 33

 ► Pain- related emotional distress based on the Perceived 
Stress Scale tool.34

 ► Pain coping skills using the Coping Skills Question-
naire two- item form.35

 ► Pain self- efficacy using the Pain Self- Efficacy 
Questionnaire.36

Two additional measures will be collected in- person in 
the ED at baseline and 1 hour:

 ► Pressure pain threshold, a non- invasive quantita-
tive test of pain sensitivity that measures the lowest 
applied pressure needed to evoke to an individual’s 

perception of pain, will be performed on the bilat-
eral trapezius muscles using slow progressive pressure 
(1 kg/cm2/s) with a standard hand- held algometer 
(Wagner Digital Force Gauge, Wagner Instruments, 
Greenwich, Connecticut, USA).37 38

 ► Blood samples will be collected and stored in a secure 
repository for future biomarker analysis of biochem-
ical and genetic pathways involved in pain and 
response to acupuncture. Participants may opt out of 
the blood draw and still participate in the clinical trial.

Additional EMR data will be extracted by trained 
analysts and include medications administered and 
prescribed from the ED, opioids prescribed up to 1 year 
following index ED visit, return ED visits and hospitalisa-
tions up to 3 months following index ED visit, and ICD- 10 
codes for pain conditions and co- occurring diagnoses 
(eg, medical and psychiatric comorbidities).

Data collection and management
Data will be collected at ED baseline, 1- hour post- 
treatment, and at 2 weeks and 1- month post- ED visit, with 
data entered directly into a REDCap secure electronic 
database.39 All in- person biological measures including 
pressure pain threshold and blood draws for biomarkers 
will be obtained during the ED visit at baseline and 1 hour 
by research coordinators embedded in the ED. Pres-
sure pain threshold will be recorded in REDCap. Blood 
samples will be coded with a unique study identifier and 
deidentified for storage.

ED baseline and 1- hour questionnaires to collect 
biopsychosocial factors and outcome measures will be 
completed by participants independently and entered 
directly into REDCap while they are in the ED (figure 1). 
Research coordinators will be available for assistance 
with data entry if requested by participants. Participants 
will be contacted at 2 weeks and 1- month post- ED visit 
to complete online REDCap follow- up surveys (figure 1) 
using follow- up procedures to facilitate maximum study 
retention. These procedures include up to three auto-
mated electronic follow- up surveys sent via email, auto-
mated text message links to the surveys, follow- up phone 
calls by ED research assistants with the option to complete 
surveys by phone, and compensation for 1- month 
follow- up assessment completion.

Acupuncturist assessments and treatment details in 
the ED and outpatient clinic will be entered directly into 
REDCap forms by the treating acupuncturist. ED medica-
tion data will be entered into REDCap forms by research 
coordinators. Acupuncture AEs and SAEs will be entered 
into REDCap forms by the study personnel notified of the 
event, and follow- up of the events will be completed within 
the same forms by the personnel completing follow- ups. 
Additional EMR data will be extracted by trained analysts 
and stored in a protected analytics environment. All data 
will be stored for at least 5 years after study completion 
for primary and ancillary studies, with access restricted to 
study staff, and is included in patient consent. To protect 
confidentiality, no personal information will be shared.
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Sample size
For stage 1, a total of 90 subjects (30 subjects per arm) 
will be used to (1) assess feasibility based on patient 
recruitment and retention rates, and (2) determine 
the more effective arm at the ED 1- hour time point for 
moving forward to stage 2 for effectiveness confirmation. 
Sample size calculation for achieving stage 2 study objec-
tives assumed17 40 41: (1) a stage 2 two- arm parallel design 
with 1:2 control:treatment allocation; (2) the primary 
endpoint is normally distributed; (3) with NA, a mean 
pain score of 6.5 with an SD of 2.542; (4) a minimally 

clinically meaningful difference in pain score of 1.342;; 
(5) a power of 90.0% and (6) a 5% level of significance. 
This yielded a total sample size of 198 subjects (table 1) at 
the end of stage 2. To account for a possible 10% drop- out 
rate requires increasing the total number enrolled to 220 
subjects.

Data analysis and statistical methods
Population: The primary analysis will be performed based 
on the intention- to- treat population, which is defined as 
all randomised subjects who have at least one follow- up 

Figure 1 Trial flow chart. *After interim analysis in stage 1, the less effective acupuncture arm will be dropped.
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evaluation regardless of their compliance with the 
protocol. In case of a substantial number of protocol viola-
tions, additional per- protocol analyses may be performed 
to determine whether they influence the conclusions.

General analysis conventions/rules: Descriptive statis-
tics for continuous variables will be provided as: number 
of subjects, means and SD, medians and IQRs, and 
minima and maxima. Descriptive statistics for discrete 
(categorical) variables will be provided as the number 
and percentage of subjects in each category. Time- to- 
event variables will be provided using Kaplan- Meier 
survival curve estimates. Unless otherwise noted, any tests 
of hypotheses are two sided, and the nominal level of 
significance will be 5%.

Handling of missing data: Imputation of missing 
data will be handled depending on the missingness 
mechanism.

Baseline comparability: Number of subjects 
randomised, completing the study and reasons for discon-
tinuation will be summarised by treatment group. Patient 
demographics and baseline characteristics including 
biopsychosocial factors will be tabulated and compared 
for treatment group differences. All comparisons will be 
performed by using the Cochran- Mantel- Haenszel test for 
categorical variables and two- way analysis of variance for 
continuous variables.

Primary analysis: The primary variable, change in pain 
score from ED baseline to 1- hour post- treatment, will 
be evaluated and compared between treatment groups. 
The corresponding 95% CI for the difference in mean 
response rate between treatment groups will be obtained 
using analysis of variance (ANOVA).

Secondary analyses: Responder analysis will also be 
performed using a logistic regression analysis that incor-
porates potential risk factors identified for response. 
Point estimate and the corresponding 95% CI of ORs 
for the identified risk factors will also be obtained. In 
addition, the Stuart- Maxwell test may be performed to 
examine changes (or shifts) from baseline to follow- ups 
after ED discharge.

Exploratory analyses: Exploratory analyses such 
as biomarker changes pre to 1- hour post- treatment, 
subgroup analyses based on patient demographics and/
or patient characteristics, and predictive model building, 
validation and/or generalisability may be conducted as 
deemed appropriate by the principal investigator(s), 
biostatistician or as recommended by an internal 

established DSMC. These include secondary analyses of 
the impact on outcomes of the number of acupuncture 
needle sites or number of acupuncture pathways used, 
number of clinic visits attended, within treatment pain 
and/or anxiety reductions, among others. If possible, 
additional exploratory models predicting response to 
acupuncture based on biopsychosocial factors will be 
examined.

Safety analysis: Table will show the AEs ordered by 
decreasing frequency for all participants. Separate tabu-
lations will summarise the AEs by seriousness, severity, 
and possible association with study drug. If appropriate, 
the incidence rate of AEs will be compared by Fisher’s 
exact test. Special attention will be given to those subjects 
who have discontinued due to AEs and those subjects who 
experienced an SAE.

Interim analysis: There will be one planned interim 
analysis which will take place when two- thirds of subjects 
(ie, 20 of 30 subjects per arm) have completed stage 1. 
At interim analysis, the feasibility will be assessed based 
on patient recruitment and retention rates, and the more 
effective arm will be determined based on change in pain 
score at the 1- hour ED time point based on probability 
of being the more effective treatment.17 Some adapta-
tions such as modifying current treatment arm, different 
randomisation scheme, additional interim analyses and/
or sample size re- estimation may be applied as recom-
mended by the DSMC.

Data monitoring
A DSMC comprised an independent biostatistician, 
emergency medicine physician–researcher and a medical 
acupuncturist- pain medicine clinician will meet at least 
two times per year with ad hoc reports as needed, to 
monitor the safety and performance quality of the trial. 
The DSMC will also evaluate the interim analysis to make 
recommendations on adaptations for stage 2 to the study 
investigators.

AEs and SAEs and their follow ups will be recorded in 
a secure REDCap file. AEs will be reviewed weekly, and 
SAEs will be reviewed immediately by the principal inves-
tigator and lead research coordinator and addressed as 
needed. All SAEs will be reported within 24 hours to the 
DSMC, IRB and study sponsor.

ETHICS AND DISSEMINATION
The Duke University Health System Institutional Review 
Board has reviewed and approved this study (Protocol 
# Pro00104140). This trial was registered on 7 February 
2020 with  clinicaltrials. gov (registration # NCT04290741) 
and released to the public on 28 February 2020. We used 
the Standard Protocol Items: Recommendations for 
Interventional Trials checklist when writing our report.43 
On completion of the trial, the results will be dissemi-
nated through peer- review publications as well as presen-
tations at professional organisation conferences and to 
the public including healthcare organisations.

Table 1 Sample size estimation and allocation

Stage Randomisation Sample size Total

Stage 1 1:1:1 30 (NA), 30 (AA), 30 (PA) 90

Stage 2 1:2 36 (NA), 72 (AA or PA) 108

Total 198

AA, auricular acupuncture; NA, no acupuncture; PA, peripheral 
acupuncture.
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Patient and public involvement
Patients and the public were not involved in the orig-
inal design of the study. However, patient participants 
will be interviewed for feedback on their acupuncture 
and research experience to potentially inform future 
adaptations.

DISCUSSION
Adaptive design: The innovative adaptive design of this 
study enables findings from the first stage to be used to 
increase the likelihood of success in the second stage for 
measuring the true effectiveness of acupuncture in an ED 
population. Adaptations to drop the least effective arm 
and/or mitigate issues that arise in stage 1 are designed 
to optimise implementation of acupuncture for both the 
study and its broader applicability to other settings.44 
Efforts will be made to limit potential bias from adapta-
tions and maintain trial integrity and validity by using an 
independent DSMC to decide on any adaptations.

Novel care pathways: This will be one of the first 
randomised trials to integrate acupuncture into ED care 
and to establish linkages to outpatient acupuncture treat-
ment. It will also be one of the first acupuncture studies 
to include a diverse sociodemographic population and 
to use a group- based clinic to enhance access and afford-
ability of this treatment option.16 Patient knowledge of, 
access to, and availability of non- pharmacological thera-
pies are frequent barriers to use.16 45 Post- ED follow- up 
can be particularly challenging among ED patients due 
to cost and time constraints, so lowering these barriers 
are key to improving access to care. Furthermore, initial 
therapeutic experience with acupuncture has been 
shown to increase patient follow- through with continued 
acupuncture,46 highlighting the benefit of combining ED 
with outpatient care. Goals of the study include reducing 
patient need for pain medications, particularly opioids, 
and return ED visits for pain control through use of 
acupuncture. Our findings will inform future ED and 
follow- up acupuncture treatment recommendations.

Tailoring acupuncture to the ED environment: 
Comparing AA to PA in the ED setting is a key component 
of our study, as it allows further exploration of the feasi-
bility and acceptability of ED- based acupuncture through 
two different patient experiences. AA can be delivered 
quickly, easily and without removal of clothing, thus 
fitting well within the space and time constraints of the 
ED environment.19 Furthermore, specific types of auric-
ular needles can be left in place for later self- stimulation 
by patients to provide additional pain relief for an addi-
tional 1–5 days.19 47 Use of AA can be limited by patient 
discomfort with needles in the ear, potential compatibility 
issues with obtaining CT and MRI imaging while needles 
are in place, and lack of clinical guidelines for its use.

PA allows for greater personalisation of treatment 
than AA by offering a much larger number of meridians 
or channels that the acupuncturist can access for pain 
relief.48 49 PA also offers the flexibility to adapt treatments 

for very anxious or needle- sensitive patients because 
needle depth and level of stimulation can be modified to 
suit individual needs. While tight clothing may limit the 
number of accessible acupuncture points, this is typically 
not a major barrier for experienced acupuncturists.

While PA can take longer for the patient, 20–45 min for 
PA compared with 10–20 min for AA, spending more time 
with the acupuncturist can contribute to their increased 
sense of support and better anxiety relief. In addition, PA 
can be more efficient for the acupuncturist than AA when 
treating multiple patients, as the acupuncturist can leave 
one patient while needles are in place to tend to the next 
patient, returning later for needle removal and session 
completion. By contrast, AA involves frequent patient 
reassessments between each needle insertion requiring 
the acupuncturist’s full attention until session comple-
tion before proceeding to the next patient.

Usual care for ED pain management: The choice of 
usual care for all treatment arms was based on the goal of 
developing a practical and feasible intervention in the ED 
setting where medications are expected by patients but 
can be variably prescribed among providers.50 51 There-
fore, restriction of medications from any one arm could 
be perceived as undesirable or unethical by ED patients 
seeking care. In addition, choice of medication can 
depend on many factors, including provider and patient 
preferences, and allergies, adverse reactions or contrain-
dications to specific medications. Therefore, in order to 
increase the applicability of our findings, the decision was 
made to allow provider judgement to dictate medication 
choice as well as dosing. This has the added benefit of 
managing breakthrough pain through usual ED provider 
reassessment and repeat dosing as deemed clinically 
appropriate. ED providers were kept blinded to treat-
ment arm so that their usual clinical judgement deter-
mined usual care treatment. Thus, the results of this trial 
will reflect the results expected in actual clinical practice 
in an academic ED.

The choice of NA for the control group as compared 
with sham or other placebo was based on the goal of 
studying the effect of acupuncture in a pragmatic setting. 
Given the high volume, high throughput environment 
of most US EDs, there is not a typical usual care option 
that would equate to a placebo or sham intervention. For 
instance, most EDs do not have the time or resources to 
routinely provide another non- pharmacological practi-
tioner or additional ED staff member who could devote 
extra time for patient support. Thus, the alternative to 
acupuncture in most settings would simply be NA, with 
a focus on medication prescriptions, supportive care, 
and/or, less commonly, outpatient referrals (eg, primary 
care, physical therapist and orthopedist) for further 
management.

Breadth of study outcomes: This study will also generate 
data on biopsychosocial factors to better characterise the 
population of patients seen in the ED for acute musculo-
skeletal pain. Exploration of these factors may also iden-
tify mediators of the patient response to acupuncture. 
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These mediators may help identify patients more likely to 
improve with acupuncture and/or better elucidate poten-
tial mechanisms of acupuncture’s therapeutic effects. 
Findings from this study will further our understanding 
of acute pain and its non- pharmacological management 
through acupuncture, as well as their associations with 
the comprehensive set of biopsychosocial factors.
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