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ABSTRACT
Introduction There has no consensus on optimal 
management of carpal tunnel syndrome (CTS), the most 
common compression neuropathy. Conservative therapy is 
generally accepted as first- line intervention. Therapeutic 
ultrasound has been widely reported to be treatment 
beneficial in nerve regeneration and conduction, and 
further accelerate compression recovery. The purpose of 
this study is to investigate the effectiveness of therapeutic 
ultrasound for CTS treatment.
Methods and analysis This study protocol entails 
a three- arm, prospective, multicentre, randomised 
controlled trial. 162 eligible adult participants diagnosed 
with mild to moderate CTS by using criteria developed 
from a consensus survey by the UK Primary Care 
Rheumatology Society will be assigned to either (1) 
therapeutic ultrasound, (2) night splint or (3) therapeutic 
ultrasound +night splint (combined) group. Primary 
outcome will be difference in Symptom Severity Scale of 
Boston Carpal Tunnel Questionnaire (BCTQ- SSS) at 6- week 
between night splint and therapeutic ultrasound +night 
splint groups. Secondary outcomes include Functional 
Status Scale of BCTQ, sleep questionnaire for interrupted 
sleep, EuroQol- 5D for general health, Hospital Anxiety 
and Depression Scale for mental status, Work Limitations 
Questionnaire- 25 for functional limitations at work, Global 
Rating of Change for treatment success and recurrence 
rate, physical examination, electrophysiological and 
ultrasound parameters. Intention- to- treat analyses will be 
used.
Ethics and dissemination Ethics committees of all 
clinical centres have approved this study. The leading 
centre is Shanghai Sixth People’s Hospital, whose approval 
number is 2021- 152. New versions with appropriate 
amendments will be submitted to the committee for 
further approval. Final results will be published in peer- 
reviewed journals and presented at local, national and 
international conferences.
Trial registration number ChiCTR2100050701.

INTRODUCTION
Carpal tunnel syndrome (CTS), the most 
common compression neuropathy, results 

from median nerve entrapment in the carpal 
tunnel, accounting for about 90% of all such 
disorders.1 2 The clinically confirmed CTS 
prevalence was 9.6% in the general popula-
tion of China,3 with a yearly incidence rate of 
2.76‰, and women is more susceptible than 
men.2 4 CTS has significant impact on daily life 
and ability to work,5 and causes great burden 
on social economy, with an annual associated 
costs estimated at US$13 billion.6 Classically, 
CTS causes discomfort, paraesthesia and 
numbness in the median nerve distribution; 
and nocturnal symptoms are often clini-
cally significant causing sleep disturbance.7 
Patients can be diagnosed by clinical history 
and physical examination; while electro-
physiological methods will be additional for 
insufficient diagnosis by clinical findings and 
severe cases that need surgical management.8

In general, the severity of CTS can be clas-
sified into mild, moderate and severe.9 Non- 
surgical interventions are suggested to be the 
first choice to treat mild and moderate CTS.10 
To date, though the treatment method is 
vast; however, no successful and universally 
accepted regimen has been established. A 
consensus of multidisciplinary treatment 

Strengths and limitations of this study

 ► Therapeutic ultrasound as independent or adjunct 
therapy in treating carpal tunnel syndrome (CTS).

 ► The first randomised controlled trial (RCT) to com-
pared the efficacy between therapeutic ultrasound 
and night splint in CTS treatment.

 ► Multicentre RCT with blinded outcome assessor and 
statistician.

 ► Use of several patient- reported outcome measures 
as well as objective parameters.

 ► Participants and treating surgeons not blinded.
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guideline from the European HANDGUIDE Study 
suggests that ‘education’ should be included as the first- 
line management approach, which has the advantages of 
low cost, high efficacy and non- invasiveness.7 11 In addi-
tion, ‘night splint’ and ‘corticosteroid injection’ are also 
recommended in guidelines of American Academy of 
Orthopaedic Surgeons and American Physical Therapy 
Association.12 13 One recent randomised controlled trial 
(RCT) published in Lancet compares both two methods, 
and finds that corticosteroid injection has superior clin-
ical effectiveness at 6 weeks than night splint, but no 
differences at 6 months; while corticosteroid injection 
may bring adverse events like thinning, lightening or 
darkening of the skin at the injection site, hot flushes and 
even more pain.9 Systematic reviews have also shown that 
the effects of other conservative treatments like acupunc-
ture,14 exercise and mobilisation interventions,15 laser,16 
extracorporeal shockwave therapy17 and platelet- rich 
plasma injection18 still remain controversial or provide 
little to no benefit.

Therapeutic ultrasound (US) is widely used for imaging 
purposes and regarded as an adjunct to physiotherapy. In 
the intensity range of 0.5–2.0 W/cm2, therapeutic US may 
have the potential to induce a variety of biophysical effects 
in tissues.19 Therapeutic US experiments on stimulation 
of nerve conduction and regeneration,20 21 and discov-
eries of its anti- inflammatory effects22 all support that 
therapeutic US may promote recovery of nerve compres-
sion. An RCT published in BMJ showed more pronounced 
subjective symptoms and electroneurographic variables 
for therapeutic US than sham control in patients with 
mild to moderate CTS.23 However, to our best of knowl-
edge, no study has compared the efficacy between night 
splint and therapeutic US in CTS treatment yet. Addition-
ally, some studies have also reported the efficacy of US to 
be used as part of a multi- intervention approach, but with 
low grade of study design and data.24–29 Therefore, the 
role of therapeutic US in CTS treatment still needs to be 
further explored by high- quality study.

Therefore, the purpose of the current three- arm, 
prospective, randomised, multicentre trial is to examine 
the effectiveness of therapeutic US in treatment for 
CTS, that is, night splint +therapeutic US (combined) vs 
night splint vs therapeutic US, on clinical and functional 
outcomes, including Boston Carpal Tunnel Question-
naire (BCTQ) in patients diagnosed with CTS.

METHODS
Study design
This study is a three- arm, prospective, multicentre, RCT 
that will recruit participants from four municipal tertiary 
hospitals with a diagnosis of mild to moderate CTS. 
The multicentres are Shanghai Sixth People’s Hospital, 
Shanghai Tenth People’s Hospital, Shanghai East Hospital 
and Pudong New Area People′s Hospital of Shanghai, 
respectively. This manuscript is written according to the 

Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) guidelines.30

Participant and public involvement
There was no participant involvement in this study. Partic-
ipants were not invited to make comments or suggestions 
on the protocol, were not consulted about the selection 
of patient- relevant evaluation outcomes, or were invited 
to participate in writing or editing the manuscript to 
improve readability or accuracy. The final findings will 
be disseminated to the public through mass media. Our 
published papers and conference presentations also 
acknowledge all participants as a whole.

Participant recruitment
Figure 1 shows the participant flow chart throughout 
the study. Participants will be recruited over a 5- month 
period from outpatient clinics of four principals in each 
subcentre. In addition, recruitment can also be through 
other doctors and healthcare professionals. Interested 
participants can contact the research assistant, who will 
provide more information about the study purpose and 
protocol, and conduct an initial eligibility screening by 
phone.

Medical evaluation and enrolment procedure
Eligible participants will be invited to participate in a 
physical examination to confirm CTS diagnosis and assess 
eligibility to participate in the programme.

Inclusion criteria
 ► Age ≥18 years old.
 ► Clinical diagnosis on the basis of clinical symptoms, 

history and physical examination, using criteria devel-
oped from a consensus survey by the UK Primary Care 
Rheumatology Society.31

 ► Mild to moderate CTS,9 with symptoms longer than 6 
weeks duration; participants with bilateral CTS will be 
designated their study hand based on the most severe 
symptoms.
 – Mild: intermittent paraesthesia in the distribution 

of the median nerve.

Figure 1 Participant flow chart.
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 – Moderate: constant paraesthesia, and reversible 
numbness or pain of idiopathic nature.

 – Severe: constant pain, numbness or sensory loss 
in the wrist and hand (specifically palm, index, 
or middle finger, or thumb), or thenar muscle 
atrophy.

 ► Able to read and write in simplified Chinese (Main-
land), understand and complete the questionnaire, 
and should provide informed consent.

Exclusion criteria
 ► CTS secondary to wrist deformity, trauma, mass, preg-

nancy, hypothyroidism or inflammatory arthropathy.
 ► Treatment by night splint, therapeutic US or injection 

within the past 6 months or previous carpal tunnel 
surgery.

 ► Previous surgery on the affected wrist (or study wrist 
if bilateral CTS).

 ► Unable to tolerate the study interventions.
 ► Trauma to the affected upper limb requiring opera-

tion or immobilisation within the past 12 months.
 ► Current illness including, poorly controlled diabetes 

mellitus or thyroid disease, vibration- induced neurop-
athy, osteoarthritis or inflammatory joint disease, 
suspected complex neurological and musculoskeletal 
conditions.

 ► Known drugs or alcohol abuse.
 ► Allergy to any of the splint materials.
 ► Contraindications to therapeutic US, including 

dermatological conditions, abnormal sensation in 
the affected arm, indwelling electrical pumps/pace-
makers, epilepsy, pregnancy or breast feeding.

Following the medical evaluation, a research assistant 
will meet with the eligible participants and obtain their 
written informed consent. Demographic variables such as 
age, sex, body mass index, affected wrist (whether bilat-
eral), dominant arm, lifestyle (smoking and alcohol use) 
and medical history of all participants will be collected 
prior to treatment (baseline). Participants will also be 
asked relevant questions about symptoms duration and 
previous treatments (rehabilitation exercises, injections 
or others). Others like occupation, employment char-
acteristics (full- time or part- time work, manual or non- 
manual labour), employment status (whether on sickness 
absence), and professional activity characteristics (repeti-
tive movements for >4 hours/day; wrist flexion and exten-
sion for >2 hours/day and use of computer keyboard/
mouse (how many hours/day)) will be also collected.

Randomisation and blinding
Participants will be randomised in three intervention 
groups (either therapeutic US or night splint or ther-
apeutic US+night splint arm) in a ratio of 1:1:1, using 
a computer- generated randomised sequence with 
varying unknown block sizes (either 3 or 6) for all study 
centres, without stratification. A research assistant who 
are not involved in clinical care and participant eval-
uations will prepare sequentially numbered, opaque, 

sealed envelopes based on a random list, and ensure 
that the allocation data will not be accessed or influ-
enced by anyone. When appropriate, the assistant will 
open envelopes and ensure coordination of therapeutic 
interventions.

The outcome assessor and statistician will be blinded 
to group allocation and not involved in treatment 
procedures.

Intervention
At the beginning, all participants will participate in 
an about 30 min group educational presentation by 
a research assistant on the same day as the baseline 
assessment. This presentation will cover the pathophys-
iology, treatment options, posture and activity modifica-
tion principles of CTS. The above information will also 
be provided to participants in the form of education 
booklets, to encourage them to review at home. Habits 
changes include limited wrist movement and a reduction 
in strenuous work activities, and the use of ergonomi-
cally friendly work tools helps reduce median nerve pres-
sure.32 33

Participants in the (therapeutic US group) will receive 
pulsed therapeutic US (model 1:4, Shanghai, China) for 
6 weeks at a frequency of 1 MHz and intensity of 1.0 W/
cm2 for 15 min per session, in daily five times a week for 
the first 2 weeks and twice a week for another 4 weeks, to 
the area over the carpal tunnel, referred to a published 
trial (BMJ. 1998;316:731–735).

Participants allocated to the (night splint group) will 
receive a splint to wear at night for 6 weeks, referred to a 
published trial (Lancet. 2018;392:1423–1433). The splint 
holds the wrist in a neutral position or slightly extended 
20° from the neutral position to avoid wrist movement, 
which can increase pressure on the carpal tunnel.34 The 
choose of each splint will be based on the size of indi-
vidual participant’s hands and arms. Participants will be 
shown how to fit and remove the wrist splint according 
to a standardised trial protocol. Oral guidance from the 
clinician on how and when to use splints will encourage 
and reinforce compliance, which will be also supported 
by written information, detailed care and splint fitting 
and use. Participants will be instructed to perform gentle 
range- of- motion exercises when removing the splint to 
prevent stiffness.

Participants randomised to the (therapeutic US+night 
splint group) will receive both therapeutic US for 6 weeks 
as in the (therapeutic US group) and night splint for 6 
weeks as in the (night splint group).

For participants with bilateral CTS, the non- study hand 
will be treated according to normal clinical protocols in 
use at the research site.

We discouraged additional treatments to that assigned 
(ie, not per protocol) during the intervention period, but 
we allowed the use of simple analgesics as needed. Partic-
ipants reported all not per protocol treatments, such as 
drugs, in a diary.
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Data management
Data will be collected during the participants’ visits to 
the hospital at baseline, 6 weeks, 3 months, 6 months 
and 1 year after random assignment (table 1). Reminder 
emails and phone calls from the research assistants will 
be programmed to maximise participant compliance 
in subsequent completion. A registered participant will 
withdraw from the study if (1) the participant withdraws 
his/her consent and (2) exclusion criteria is found after 
registration. The cause and date of suspension will be 
recorded. Consent to use data that has been collected 
before the participant’s withdrawal will be included in the 
consent form.

Primary outcome measure
The primary outcome measure will be the difference 
in Symptom Severity Scale of the Boston Carpal Tunnel 
Questionnaire (BCTQ- SSS) at 6 weeks. The BCTQ is 
a disease- specific questionnaire referring to a typical 
24- hour period in the past 2 weeks,35 and has been shown 
to be highly reproducible, internally consistent, valid and 
responsive to clinical change in CTS.36 It consists of two 
different subscales: Symptom Severity Scale (11 items, 
about symptom severity) and Functional Status Scale 
(8 items, about the degrees of difficulty on daily activi-
ties), both rated on a five- point scale, with final scores 
for each subscale result in mean scores between 1 and 
5. The overall score is calculated as the mean of all 19 
items. Higher scores represent more severe symptoms 

and functional impairment. We use a validated Chinese 
version37 of the BCTQ in this study.

Secondary outcome
Secondary outcome measures will be the differences 
in Functional Status Scale of the Boston Carpal Tunnel 
Questionnaire (BCTQ- FSS), sleep questionnaire for 
interrupted sleep,38 European Quality of Life Scale 
(EuroQol)- 5D (EQ- 5D)39 for life quality and health 
status, Hospital Anxiety and Depression Scale (HADS)40 
for anxiety and depression status, Work Limitations Ques-
tionnaire (WLQ)- 2541 for functional limitations at work, 
Global Rating of Change (GROC) for treatment success 
and recurrence rate, physical function examination as 
well as various electrophysiology and US parameters.

 ► Interrupted sleep
The sleep questionnaire, which will be used to assess 
sleep quality, consists of four questions asking partici-
pants how many times they have experienced it in the 
last month.38 Each question has six response catego-
ries and are coded in 0–5 order: not at all, 1–3, 4–7, 
8–14, 15–21 and 22–31 days. All questions have equal 
weights and add up. Higher scores are associated with 
more disrupted sleep.

 ► Life quality and health status
EQ- 5D has been widely validated and used to measure 
generic health- related quality of life (HRQol) due to 
its simplicity.39 It consists of a five- dimensional descrip-
tion system (mobility, self- care, usual activities, pain/

Table 1 Study evaluation procedures and timeline

Study procedure
Medical 
evaluation Enrolment visit 6 weeks 3 months 6 months 1 year

Determine eligibility √ √         

Obtain signed consent   √         

Obtain medical and 
demographic data

  √         

Give instructions for pain 
medication diary

  √         

Outcome measures   

  Boston Carpal Tunnel 
Questionnaire

  √ √ √ √ √

  Interrupted Sleep 
Questionnaire

  √ √ √ √ √

  European Quality of Life 
Scale (EuroQol)- 5D

  √ √ √ √ √

  Hospital Anxiety and 
Depression Scale

  √ √ √ √ √

  Work Limitations 
Questionnaire- 25

  √ √ √ √ √

  Treatment success rate     √ √ √ √

  Treatment recurrence rate       √ √ √

  Physical examination   √ √ √ √ √

  Electrophysiological and 
ultrasound parameters

  √ √ √ √ √
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discomfort and anxiety/depression) and a visual 
analogue scale that scales from 0 to 1, where 1 repre-
sents perfect health. All dimensions are divided into 
three levels (no problem, some problem and extreme 
problem). We used a validated Chinese version42 43 
of EQ- 5D, which has been recommended by Guide-
lines for Pharmacoeconomic Evaluations 2011 for a 
measure for HRQol and health utility.44

 ► Anxiety and depression status
HADS will be used to identify and quantify two of the 
most common psychological disorders - anxiety and 
depression.40 There is evidence of increased anxiety 
and depression in LET patients.45 The HADS is a 
14- item scale independent of physical symptoms and 
consists of two 7- item subscales measuring depression 
and anxiety, respectively. A four- point scale (0 for 
absence of symptoms and 3 for maximum symptom-
atology) is used. Each subscale has an overall score 
ranging from 0 to 21, with a higher score indicating a 
higher degree of impairment. HADS has two cut offs 
for categorisation: 0–7, ‘non- case’; 8–10, ‘possible or 
doubtful case’; 11–21, ‘probable or definite case’.46

 ► Functional limitations at work
To gather information that is complementary to the 
pain and disability scales, functional limitations at 
work will be measured using WLQ- 25. It contains 25 
items, arranged under four subscales, covering four 
dimensions of job demands, namely time demands, 
physical demands, mental/interpersonal demands 
and output demands.41 A five- level ordinal response 
scale ranging from 0 (all of the time) to 4 (none of the 
time) with an additional sixth option (does not apply 
to my job) is used. The overall score ranges from 0 
to 100, with an increase of 13 points (out of 100) for 
clinically important differences.47

 ► Treatment success and recurrence rate
Participants’ treatment impressions of changes in 
their condition (ranging from ‘completely recov-
ered’, ‘much improved’, ‘somewhat improved’, 
‘same’, ‘worse’ to ‘much worse’) will be recorded on 
a six- level Likert scale. The success rate will be calcu-
lated by dichotomising the response. Participants who 
report ‘completely recovered’ or ‘much improved’ in 
their overall condition since the study beginning will 
be considered successful, while other responses will 
be considered failures.48 49 Recurrence will be defined 
primarily as when a participant rates a success at 6 
weeks and a failure at 3 months, 6 months or 1 year 
on GROC.48 49

 ► Physical function examination
The physical examinations will include measurement 
of two- point discrimination (performed on the radial 
and ulnar aspects of each digit), grip strength with a 
dynamometer (CAMRY, City of Industry, California, 
USA), and pinch strength with the pinch gauge (three 
trials for each hand). The affected side will be meas-
ured first and then the unaffected side. The measure-
ment readings will be not revealed to the subjects until 

the completion of the test. The mean of three consec-
utive trials, separated by a 20 s pause, will be calcu-
lated. Results will be presented as a ratio of values of 
the symptomatic side/asymptomatic side ×100.50

 ► The two- point discrimination test starts at a distance 
of 4 mm and increases continuously by 2 mm as neces-
sary. Grip strength and three- point pinching force 
(three tests per hand) as measured with baseline 
dynamometer and pinch gauge (Chattanooga Group, 
Hixson, Tennessee, USA) will be recorded.

 ► Electrophysiological study
Median nerve distal motor latency (DML), compound 
muscle action potential (CMAP), sensory nerve 
conduction velocity (SNCV) and sensory nerve action 
potential (SNAP) amplitudes will be recorded.48 49 
DML and CMAP will be measured by placing surface 
electrodes on the abductor pollicis brevis muscle, 
and stimulation applied 8 cm proximal to the active 
recording electrode. SNAP and SNCV will be obtained 
using ring electrodes placed on the proximal and distal 
interphalangeal joints of the index finger. Sensory 
conduction will be studied by antidromically stimula-
tion at 14 cm proximal to the active electrode. Motor 
study will be performed by supramaximal stimulation 
while the amplitude will be measured an average of 
10 times for the sensory study. All measurements will 
be made three times, and the values obtained will be 
averaged for analysis.

 ► US parameters
The cross- sectional area will be measured using an 
electronic calliper at the scaphoid- pisiform level.51 52 
The measurements will be made three times, and the 
values obtained will be averaged for analysis.

Adverse events
All adverse events, defined as any negative or unwanted 
reactions to intervention, will be recorded through the 
symptoms reported by the patients, and observations by a 
researcher at every visit. Therapeutic US may cause mild 
local swelling, spot- like bleeding, ecchymosis, enhanced 
local pain response and local hyperesthesia or decrease. 
Night splint may cause skin allergy, wrist stiffness, etc. 
The participants will be instructed to do gentle range- 
of- motion exercises when removing the splint to prevent 
stiffness and reinforced adherence by verbal instruction.

Sample size calculation
Sample size and power calculation are based on the 
primary outcome of BCTQ- SSS score at 6 weeks. All sample 
size calculations assume two- sided analysis with a power 
of 90% (1-β=0.90) at a significant level of α=0.05. Based 
on a published RCT trial (Lancet. 2018;392:1423–1433), 
the authors compared corticosteroid injection and night 
splint for CTS, and participants in the night splint group 
had an SD (SD) of 0.76 points for BCTQ- SSS at their 
6- week follow- up, (‘6 weeks’ was the primary endpoint 
in this study)),9 an SD of 0.76- point on BCTQ- SSS score 
will be used. To detect a minimum clinically significant 
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difference of 0.8- point53 (superiority margin) between 
therapeutic US+night splint and night splint groups 
(assuming a true difference of 1.19- point,9 54 a total of 48 
participants in each group is required. Allowing for an up 
to 10% drop- out rate, we aim to enrol at least 54 partici-
pants in each group to complete the study.

Analysis plan
Baseline characteristics of the three treatment groups will 
be summarised using appropriate descriptive statistics. 
Both the primary and secondary analyses will be blind 
analyses of treatment assignments and will be performed 
using the intention- to- treat55 method, with all randomised 
participants retaining their original assigned group. 
Multiple imputation by chained equations will be used 
to address missing data caused by lost access and non- 
response if these missing data are judged to be random.

The primary comparisons for BCTQ- SSS scores will 
be made using linear regression. In secondary analyses, 
repeated measures mixed model56 will also be used 
to examine the associations between treatments and 
repeated outcome measures, with terms of treatment, 
time, trial centre and corresponding baseline values as 
covariates (age, gender, body mass index, etc). Bonferroni 
method will be used to adjust for multiplicity.57 58 Linear 
regression will be used for numerical outcomes, and 
logistic/ordinal regression for any categorical outcomes.

Quality assurance/monitoring/management
In order to standardise the procedures of staff training 
and learning, such as participants recruitment, outcome 
measures, data import, security, management and anal-
ysis, a manual of operations and procedures and a case 
report form will be developed as per protocol, which 
also include the monitoring plans to assure participant 
protection and data integrity, thus facilitating consistency 
in protocol implementation and data collection. The 
investigators, physicians, research assistants, outcome 
assessors and statisticians are different people and should 
be trained in good clinical practice. Trained project 
managers will visit each centre for monitoring to ensure 
data quality and compliance with the trial protocol.

All data obtained will be stored electronically and strictly 
in a database with secure and restricted access. Encryption 
will be used for data transmission, with removal for any 
information that can identify individuals. Data will only be 
deidentified for analysis at the completion of this study.

Study duration
Recruitment of the trial will begin in the November of 
2021 and 1- year follow- up for all participants is antici-
pated to be completed by June 2023. See table 1 for time 
points and recruitment progress.

ETHICS AND DISSEMINATION
This study has been approved by the Ethics Committee of 
Shanghai Sixth People’s Hospital (lead Clinical Center, 

approval No. 2021- 152), Ethics Committee of Shanghai 
East Hospital (EC.D(BG).016.03.1- 2021- 095), Ethics 
Committee of Shanghai Tenth People’s Hospital (SHSY- 
IEC- 4.1/21- 194/01) and Ethics Committee of Pudong 
New Area People’s Hospital (IRBY2021- 006). The poten-
tial risks of this clinical trial are considered minimal and 
are addressed in the protocol and consent form. A written 
consent (online supplemental file 1) will be obtained by 
clinical practitioners from each participant. Data will be 
published in peer- reviewed journals and presented at 
conferences, both nationally and internationally.

DISCUSSION
CTS is a highly prevalent compression neuropathy, which 
results in significant paraesthesia and numbness in the 
median nerve distribution, especially nocturnal symp-
toms causing sleep disturbance, causing great socioeco-
nomic burden. Up till now, there is still no consensus on 
the optimal management, and non- operative treatment is 
generally accepted as the first- line intervention for mild 
and moderate CTS. Multiple methods have been studied 
and reviewed in the recent decades, however, the exact 
efficacy still remains controversial.

In an RCT published in BMJ for mild to moderate CTS, 
active therapeutic US (1 MHz, 1.0 W/cm2) was applied 
to the area over the carpal tunnel in the experimental 
group, and indistinguishable sham US treatment was 
applied in the control group.23 At 6 months’ follow- up, 
satisfactory improvement or complete remission of symp-
toms was observed in 74% receiving active treatment, 
which is significantly higher than those receiving sham 
treatment (20%). As for electroneurography, DML and 
SNCV improved significantly with active treatment while 
remained unchanged with sham treatment. Hand grip 
and finger pinch strength in physical examination also 
improved significantly with active treatment. All results 
suggested satisfying effects from therapeutic US for CTS.

Therapeutic US can also be used as part of a multi- 
intervention approach. Some studies have compared night 
splint alone to night splint combined with therapeutic US 
in treatment of CTS, while the effects were different, and 
the grades of study design and data were low. Dincer et 
al26 found that the improvements in the combined group 
were statistically significantly better (p=0.043) than those in 
night splint alone group in BCTQ- SSS, as well as BCTQ- FSS 
(p<0.001), and VAS for pain (p<0.001). Similar results were 
also reported by Baysal et al,59 while Jothi and Bland,27 Sim et 
al28 and Armagan et al29 found therapeutic US may add no 
benefit to splinting in CTS.

In this study, to the best of our knowledge, it is the first to 
compared the efficacy between therapeutic US (therapeutic 
US group) and night splint (night splint group) in CTS treat-
ment. What’s more, the additional effects of therapeutic US 
(therapeutic US+night splint group) in a multi- intervention 
approach will be compared with night splint alone (night 
splint group). In clinic, therapeutic US is less invasive, less 
expensive, safer and more portable than other nonoperative 

https://dx.doi.org/10.1136/bmjopen-2021-057541


7Chen S, et al. BMJ Open 2022;12:e057541. doi:10.1136/bmjopen-2021-057541

Open access

therapy like drug injections for compression neuropathy 
and, if proved to be effective, could be offered to selected 
patients as part of non- operative therapy.

There are some ongoing clinical trials on CTS treat-
ment recent years,60–63 and our prospective randomised 
study proposes to complement and add to this relevant 
and much needed scientific effort.

Author affiliations
1Department of Orthopedics, Shanghai Jiao Tong University Affiliated Sixth People’s 
Hospital, Shanghai, China
2Shanghai Engineering Research Center for Orthopaedic Material Innovation and 
Tissue Regeneration, Shanghai, China
3Department of Orthopaedics, Shanghai East Hospital, Tongji University School of 
Medicine, Shanghai, China
4Department of Orthopedics, Shanghai Tenth People's Hospital, School of Medicine, 
Tongji University, Shanghai, China
5Department of Orthopaedics, Pudong New Area People's Hospital, Shanghai, China
6Department of Ultrasound in Medicine, Shanghai Jiao Tong University Affiliated 
Sixth People’s Hospital, Shanghai, China

Acknowledgements We will appreciate the support from Base for Interdisciplinary 
Innovative Talent Training, Shanghai Jiao Tong University and Youth Science and 
Technology Innovation Studio of Shanghai Jiao Tong University School of Medicine.

Contributors SC, YQ and ZS are the primary investigators. SC, YQ, YZ, WL, YZ, 
CF participated in the development of the study design. SC, YQ, YZ, WL, GS, JL, 
JW, WW, YZ and CF participated in the study conduct. SC, YQ, ZS and WL drafted 
the manuscript under CF’s supervision. CF and YQ contributed to applying for and 
gaining funding. All authors contributed to the content and critical revision and 
approved the final draft of the manuscript.

Funding This study will be supported by National Natural Science Foundation 
of China (8217090787, 82002290); Shanghai Engineering Technology Research 
Center and Professional Technology Service Platform project of 2020 'Science and 
Technology Innovation Action Plan' of Shanghai (20DZ2254100); Municipal Hospital 
Clinical Skills and Innovation Capacity of Three- year Action Plan Programme 
of Shanghai Shenkang Hospital Development Center (SHDC2020CR2039B, 
SHDC2020CR6019- 002); Biomedical Technology Support Special Project of 
Shanghai 'Science and Technology Innovation Action Plan' (20S31900300, 
21S31902300); Shanghai Sailing Program (No. 20YF1436000); Young Elite Scientist 
Sponsorship Program by Cast (No. YESS20200153); Clinical Research Center (CRC) 
of Shanghai University of Medicine and Health Sciences (20MC2020001).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Consent obtained directly from patient(s)

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iDs
Shuai Chen http://orcid.org/0000-0003-3724-0174
Yun Qian http://orcid.org/0000-0003-1600-5693
Ziyang Sun http://orcid.org/0000-0002-8673-9521

Junjian Liu http://orcid.org/0000-0002-3052-3799

REFERENCES
 1 Seiler JG, Daruwalla JH, Payne SH, et al. Normal palmar anatomy 

and variations that impact median nerve decompression. J Am Acad 
Orthop Surg 2017;25:e194–203.

 2 Kleopa KA. In the clinic. carpal tunnel syndrome. Ann Intern Med 
2015:163–5.

 3 Feng B, Chen K, Zhu X, et al. Prevalence and risk factors of self- 
reported wrist and hand symptoms and clinically confirmed carpal 
tunnel syndrome among office workers in China: a cross- sectional 
study. BMC Public Health 2021;21:57.

 4 Latinovic R, Gulliford MC, Hughes RAC. Incidence of common 
compressive neuropathies in primary care. J Neurol Neurosurg 
Psychiatry 2006;77:263–5.

 5 Jerosch- Herold C, Houghton J, Blake J, et al. Association of 
psychological distress, quality of life and costs with carpal tunnel 
syndrome severity: a cross- sectional analysis of the palms cohort. 
BMJ Open 2017;7:e017732.

 6 Werner RA, Franzblau A, Gell N. Randomized controlled trial of 
nocturnal splinting for active workers with symptoms of carpal tunnel 
syndrome. Arch Phys Med Rehabil 2005;86:1–7.

 7 Padua L, Coraci D, Erra C, et al. Carpal tunnel syndrome: 
clinical features, diagnosis, and management. Lancet Neurol 
2016;15:1273–84.

 8 Graham B. The value added by electrodiagnostic testing in the 
diagnosis of carpal tunnel syndrome. J Bone Joint Surg Am 
2008;90:2587–93.

 9 Chesterton LS, Blagojevic- Bucknall M, Burton C, et al. The clinical 
and cost- effectiveness of corticosteroid injection versus night splints 
for carpal tunnel syndrome (INSTINCTS trial): an open- label, parallel 
group, randomised controlled trial. Lancet 2018;392:1423–33.

 10 Jiménez Del Barrio S, Estébanez de Miguel E, Bueno Gracia E, et al. 
Effects of diacutaneous fibrolysis in patients with mild to moderate 
symptomatic carpal tunnel syndrome: a randomized controlled trial. 
Clin Rehabil 2018;32:1645–55.

 11 Huisstede BM, Fridén J, Coert JH, et al. Carpal tunnel syndrome: 
hand surgeons, hand therapists, and physical medicine and 
rehabilitation physicians agree on a multidisciplinary treatment 
guideline—results from the European HANDGUIDE study. Arch Phys 
Med Rehabil 2014;95:2253–63.

 12 Carpal tunnel syndrome: a summary of clinical practice guideline 
Recommendations- Using the evidence to guide physical therapist 
practice. J Orthop Sports Phys Ther 2019;49:359–60.

 13 Graham B, Peljovich AE, Afra R. The American Academy of 
orthopaedic surgeons evidence- based clinical practice guideline 
on: management of carpal tunnel syndrome. J Bone Joint Surg Am 
2016;98:1750–4.

 14 Choi G- H, Wieland LS, Lee H, et al. Acupuncture and related 
interventions for the treatment of symptoms associated with carpal 
tunnel syndrome. Cochrane Database Syst Rev 2018;12:Cd011215.

 15 Page MJ, O'Connor D, Pitt V, et al. Exercise and mobilisation 
interventions for carpal tunnel syndrome. Cochrane Database Syst 
Rev 2012;6:Cd009899.

 16 Franke TP, Koes BW, Geelen SJ, et al. Do patients with carpal 
tunnel syndrome benefit from low- level laser therapy? A systematic 
review of randomized controlled trials. Arch Phys Med Rehabil 
2018;99:1650- 9.e15

 17 Kim JC, Jung SH, Lee S- U, et al. Effect of extracorporeal shockwave 
therapy on carpal tunnel syndrome: a systematic review and meta- 
analysis of randomized controlled trials. Medicine 2019;98:e16870.

 18 Catapano M, Catapano J, Borschel G, et al. Effectiveness of platelet- 
rich plasma injections for nonsurgical management of carpal tunnel 
syndrome: a systematic review and meta- analysis of randomized 
controlled trials. Arch Phys Med Rehabil 2020;101:897–906.

 19 O'Brien WD. Ultrasound- biophysics mechanisms. Prog Biophys Mol 
Biol 2007;93:212–55.

 20 Schuhfried O, Vukanovic D, Kollmann C, et al. Effects of pulsed 
ultrasound therapy on sensory nerve conduction parameters and the 
pain threshold perceptions in humans. Pm R 2017;9:781–6.

 21 Ilham SJ, Chen L, Guo T, et al. In vitro single- unit recordings reveal 
increased peripheral nerve conduction velocity by focused pulsed 
ultrasound. Biomed Phys Eng Express 2018;4. doi:10.1088/2057-
1976/aabef1. [Epub ahead of print: 03 May 2018].

 22 de Oliveira Perrucini PD, Poli- Frederico RC, de Almeida Pires- Oliveira 
DA, et al. Anti- Inflammatory and healing effects of pulsed ultrasound 
therapy on fibroblasts. Am J Phys Med Rehabil 2020;99:19–25.

 23 Ebenbichler GR, Resch KL, Nicolakis P, et al. Ultrasound treatment 
for treating the carpal tunnel syndrome: randomised "sham" 
controlled trial. BMJ 1998;316:731–5.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-3724-0174
http://orcid.org/0000-0003-1600-5693
http://orcid.org/0000-0002-8673-9521
http://orcid.org/0000-0002-3052-3799
http://dx.doi.org/10.5435/JAAOS-D-16-00038
http://dx.doi.org/10.5435/JAAOS-D-16-00038
http://dx.doi.org/10.7326/AITC201509010
http://dx.doi.org/10.1186/s12889-020-10137-1
http://dx.doi.org/10.1136/jnnp.2005.066696
http://dx.doi.org/10.1136/jnnp.2005.066696
http://dx.doi.org/10.1136/bmjopen-2017-017732
http://dx.doi.org/10.1016/j.apmr.2004.05.013
http://dx.doi.org/10.1016/S1474-4422(16)30231-9
http://dx.doi.org/10.2106/JBJS.G.01362
http://dx.doi.org/10.1016/S0140-6736(18)31572-1
http://dx.doi.org/10.1177/0269215518787316
http://dx.doi.org/10.1016/j.apmr.2014.06.022
http://dx.doi.org/10.1016/j.apmr.2014.06.022
http://dx.doi.org/10.2519/jospt.2019.0501
http://dx.doi.org/10.2106/JBJS.16.00719
http://dx.doi.org/10.1002/14651858.CD011215.pub2
http://dx.doi.org/10.1002/14651858.CD009899
http://dx.doi.org/10.1002/14651858.CD009899
http://dx.doi.org/10.1016/j.apmr.2017.06.002
http://dx.doi.org/10.1097/MD.0000000000016870
http://dx.doi.org/10.1016/j.apmr.2019.10.193
http://dx.doi.org/10.1016/j.pbiomolbio.2006.07.010
http://dx.doi.org/10.1016/j.pbiomolbio.2006.07.010
http://dx.doi.org/10.1016/j.pmrj.2016.11.009
http://dx.doi.org/10.1088/2057-1976/aabef1
http://dx.doi.org/10.1097/PHM.0000000000001265
http://dx.doi.org/10.1136/bmj.316.7133.731


8 Chen S, et al. BMJ Open 2022;12:e057541. doi:10.1136/bmjopen-2021-057541

Open access 

 24 Page MJ, O'Connor D, Pitt V. Therapeutic ultrasound for 
carpal tunnel syndrome. Cochrane Database Syst Rev 
2013;2013:Cd009601.

 25 Huisstede BM, Hoogvliet P, Franke TP, et al. Carpal tunnel syndrome: 
effectiveness of physical therapy and Electrophysical modalities. An 
updated systematic review of randomized controlled trials. Arch Phys 
Med Rehabil 2018;99:1623- 34.e23.

 26 Dincer U, Cakar E, Kiralp MZ, et al. The effectiveness of conservative 
treatments of carpal tunnel syndrome: splinting, ultrasound, and low- 
level laser therapies. Photomed Laser Surg 2009;27:119–25.

 27 Jothi KP, Bland JDP. Ultrasound therapy adds no benefit to splinting 
in carpal tunnel syndrome. Muscle Nerve 2019;60:538–43.

 28 Sim SE, Gunasagaran J, Goh K- J, et al. Short- term clinical outcome 
of orthosis alone vs combination of orthosis, nerve, and tendon 
gliding exercises and ultrasound therapy for treatment of carpal 
tunnel syndrome. J Hand Ther 2019;32:411–6.

 29 Armagan O, Bakilan F, Ozgen M, et al. Effects of placebo- controlled 
continuous and pulsed ultrasound treatments on carpal tunnel 
syndrome: a randomized trial. Clinics 2014;69:524–8.

 30 Chan A- W, Tetzlaff JM, Gøtzsche PC, et al. SPIRIT 2013 explanation 
and elaboration: guidance for protocols of clinical trials. BMJ 
2013;346:e7586.

 31 Burton C, Chesterton LS, Davenport G. Diagnosing and 
managing carpal tunnel syndrome in primary care. Br J Gen Pract 
2014;64:262–3.

 32 O'Connor D, Page MJ, Marshall SC, et al. Ergonomic positioning or 
equipment for treating carpal tunnel syndrome. Cochrane Database 
Syst Rev 2012;1:Cd009600.

 33 Buchan S, Amirfeyz R. Cochrane corner: ergonomic positioning or 
equipment for treating carpal tunnel syndrome. J Hand Surg Eur Vol 
2013;38:580–1.

 34 Weiss ND, Gordon L, Bloom T, et al. Position of the wrist associated 
with the lowest carpal- tunnel pressure: implications for splint design. 
J Bone Joint Surg Am 1995;77:1695–9.

 35 Levine DW, Simmons BP, Koris MJ, et al. A self- administered 
questionnaire for the assessment of severity of symptoms and 
functional status in carpal tunnel syndrome. J Bone Joint Surg Am 
1993;75:1585–92.

 36 Leite JCdeC, Jerosch- Herold C, Song F. A systematic review of the 
psychometric properties of the Boston carpal tunnel questionnaire. 
BMC Musculoskelet Disord 2006;7:78.

 37 Lue Y- J, Lu Y- M, Lin G- T, et al. Validation of the Chinese version 
of the Boston carpal tunnel questionnaire. J Occup Rehabil 
2014;24:139–45.

 38 Jenkins CD, Stanton BA, Niemcryk SJ, et al. A scale for the 
estimation of sleep problems in clinical research. J Clin Epidemiol 
1988;41:313–21.

 39 EuroQol Group. EuroQol- a new facility for the measurement of 
health- related quality of life. Health Policy 1990;16:199–208.

 40 Zigmond AS, Snaith RP. The hospital anxiety and depression scale. 
Acta Psychiatr Scand 1983;67:361–70.

 41 Lerner D, Amick BC, Rogers WH, et al. The work limitations 
questionnaire. Med Care 2001;39:72–85.

 42 Wu C, Gong Y, Wu J, et al. Chinese version of the EQ- 5D preference 
weights: applicability in a Chinese general population. PLoS One 
2016;11:e0164334.

 43 Luo N, Liu G, Li M, et al. Estimating an EQ- 5D- 5L value set for China. 
Value Health 2017;20:662–9.

 44 Sun S, Chen J, Johannesson M, et al. Population health status 
in China: EQ- 5D results, by age, sex and socio- economic status, 
from the National health services survey 2008. Qual Life Res 
2011;20:309–20.

 45 Alizadehkhaiyat O, Fisher AC, Kemp GJ, et al. Pain, functional 
disability, and psychologic status in tennis elbow. Clin J Pain 
2007;23:482–9.

 46 Pallant JF, Bailey CM. Assessment of the structure of the hospital 
anxiety and depression scale in musculoskeletal patients. Health 
Qual Life Outcomes 2005;3:82.

 47 Roy J- S, MacDermid JC, Amick BC, et al. Validity and 
responsiveness of presenteeism scales in chronic work- related 
upper- extremity disorders. Phys Ther 2011;91:254–66.

 48 Wang J- C, Liao K- K, Lin K- P, et al. Efficacy of combined ultrasound- 
guided steroid injection and splinting in patients with carpal tunnel 
syndrome: a randomized controlled trial. Arch Phys Med Rehabil 
2017;98:947–56.

 49 Hsu P- C, Liao K- K, Lin K- P, et al. Comparison of corticosteroid 
injection dosages in mild to moderate idiopathic carpal tunnel 
syndrome: a randomized controlled trial. Arch Phys Med Rehabil 
2020;101:1857–64.

 50 Smidt N, van der Windt DA, Assendelft WJ, et al. Interobserver 
reproducibility of the assessment of severity of complaints, grip 
strength, and pressure pain threshold in patients with lateral 
epicondylitis. Arch Phys Med Rehabil 2002;83:1145–50.

 51 Wu Y- T, Ke M- J, Ho T- Y, et al. Randomized double- blinded clinical 
trial of 5% dextrose versus triamcinolone injection for carpal tunnel 
syndrome patients. Ann Neurol 2018;84:601–10.

 52 Wu Y- T, Ho T- Y, Chou Y- C, et al. Six- Month efficacy of perineural 
dextrose for carpal tunnel syndrome: a prospective, randomized, 
double- blind, controlled trial. Mayo Clin Proc 2017;92:1179–89.

 53 Chesterton LS, Dziedzic KS, van der Windt DA, et al. The clinical and 
cost effectiveness of steroid injection compared with night splints 
for carpal tunnel syndrome: the INSTINCTS randomised clinical trial 
study protocol. BMC Musculoskelet Disord 2016;17:415.

 54 Boonhong J, Thienkul W. Effectiveness of Phonophoresis treatment 
in carpal tunnel syndrome: a randomized double- blind, controlled 
trial. PM R 2020;12:8–15.

 55 Sedgwick P. Intention to treat analysis versus per protocol analysis of 
trial data. BMJ 2015;350:h681.

 56 Detry MA, Ma Y. Analyzing repeated measurements using mixed 
models. JAMA 2016;315:407–8.

 57 Thybo KH, Jakobsen JC, Hägi- Pedersen D, et al. PANSAID- 
PAracetamol and NSAID in combination: detailed statistical analysis 
plan for a randomised, blinded, parallel, four- group multicentre 
clinical trial. Trials 2017;18:465.

 58 Thybo KH, Hägi- Pedersen D, Dahl JB, et al. Effect of combination 
of paracetamol (acetaminophen) and ibuprofen vs either alone on 
patient- controlled morphine consumption in the first 24 hours after 
total hip arthroplasty: the PANSAID randomized clinical trial. JAMA 
2019;321:562–71.

 59 Baysal O, Altay Z, Ozcan C, et al. Comparison of three conservative 
treatment protocols in carpal tunnel syndrome. Int J Clin Pract 
2006;60:820–8.

 60 Atroshi I, Tadjerbashi K, McCabe SJ, et al. Treatment of carpal tunnel 
syndrome with wrist splinting: study protocol for a randomized 
placebo- controlled trial. Trials 2019;20:531.

 61 Chen C- C, Wu Y- T, Su Y- C, et al. Efficacy of laser acupuncture for 
carpal tunnel syndrome: a study protocol for a prospective double- 
blind randomized controlled trial. Medicine 2019;98:e16516.

 62 Dimitrova A, Murchison C, Oken B. Local effects of acupuncture on 
the median and ulnar nerves in patients with carpal tunnel syndrome: 
a pilot mechanistic study protocol. Trials 2019;20:8.

 63 Mason W, Ryan D, Khan A, et al. Injection versus Decompression 
for Carpal Tunnel Syndrome- Pilot trial (INDICATE- P)- protocol for a 
randomised feasibility study. Pilot Feasibility Stud 2017;3:20.

http://dx.doi.org/10.1016/j.apmr.2017.08.482
http://dx.doi.org/10.1016/j.apmr.2017.08.482
http://dx.doi.org/10.1089/pho.2008.2211
http://dx.doi.org/10.1002/mus.26651
http://dx.doi.org/10.1016/j.jht.2018.01.004
http://dx.doi.org/10.6061/clinics/2014(08)04
http://dx.doi.org/10.1136/bmj.e7586
http://dx.doi.org/10.3399/bjgp14X679903
http://dx.doi.org/10.1002/14651858.CD009600
http://dx.doi.org/10.1002/14651858.CD009600
http://dx.doi.org/10.1177/1753193413478507
http://dx.doi.org/10.2106/00004623-199511000-00008
http://dx.doi.org/10.2106/00004623-199311000-00002
http://dx.doi.org/10.1186/1471-2474-7-78
http://dx.doi.org/10.1007/s10926-013-9438-9
http://dx.doi.org/10.1016/0895-4356(88)90138-2
http://dx.doi.org/10.1016/0168-8510(90)90421-9
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://dx.doi.org/10.1097/00005650-200101000-00009
http://dx.doi.org/10.1371/journal.pone.0164334
http://dx.doi.org/10.1016/j.jval.2016.11.016
http://dx.doi.org/10.1007/s11136-010-9762-x
http://dx.doi.org/10.1097/AJP.0b013e31805f70fa
http://dx.doi.org/10.1186/1477-7525-3-82
http://dx.doi.org/10.1186/1477-7525-3-82
http://dx.doi.org/10.2522/ptj.20090274
http://dx.doi.org/10.1016/j.apmr.2017.01.018
http://dx.doi.org/10.1016/j.apmr.2020.06.018
http://dx.doi.org/10.1053/apmr.2002.33728
http://dx.doi.org/10.1002/ana.25332
http://dx.doi.org/10.1016/j.mayocp.2017.05.025
http://dx.doi.org/10.1186/s12891-016-1264-8
http://dx.doi.org/10.1002/pmrj.12171
http://dx.doi.org/10.1136/bmj.h681
http://dx.doi.org/10.1001/jama.2015.19394
http://dx.doi.org/10.1186/s13063-017-2203-1
http://dx.doi.org/10.1001/jama.2018.22039
http://dx.doi.org/10.1111/j.1742-1241.2006.00867.x
http://dx.doi.org/10.1186/s13063-019-3635-6
http://dx.doi.org/10.1097/MD.0000000000016516
http://dx.doi.org/10.1186/s13063-018-3094-5
http://dx.doi.org/10.1186/s40814-017-0134-y

	Effectiveness of therapeutic ultrasound for the treatment of carpal tunnel syndrome (the USTINCTS trial): study protocol for a three-arm, prospective, multicentre, randomised controlled trial
	Abstract
	Introduction
	Methods
	Study design
	Participant and public involvement
	Participant recruitment
	Medical evaluation and enrolment procedure
	Inclusion criteria
	Exclusion criteria

	Randomisation and blinding
	Intervention
	Data management
	Primary outcome measure
	Secondary outcome
	Adverse events
	Sample size calculation
	Analysis plan
	Quality assurance/monitoring/management
	Study duration

	Ethics and dissemination
	Discussion
	References


