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ABSTRACT
Introduction  Aphasia affects many stroke survivors; 
therefore, effective treatments are urgently needed. 
Preliminary clinical findings have suggested an association 
between contralateral C7–C7 cross nerve transfer and 
recovery from chronic aphasia. Randomised controlled 
trials supporting the efficacy of C7 neurotomy (NC7) are 
lacking. This study will explore the efficacy of NC7 at the 
intervertebral foramen for improving chronic poststroke 
aphasia.
Methods and analysis  This study protocol reports 
a multicentre, randomised, assessor-blinded active-
controlled trial. A total of 50 patients with chronic 
poststroke aphasia for over 1 year and with a aphasia 
quotient calculated by Western Aphasia Battery Aphasia 
Quotient (WAB-AQ) score below 93.8 will be recruited. 
Participants will be randomly assigned to 1 of 2 groups 
(25 individuals each) to receive NC7 plus intensive speech 
and language therapy (iSLT), or iSLT alone programme. 
The primary outcome is the change in Boston Naming Test 
score from baseline to the first follow-up after NC7 plus 
3 weeks of iSLT or iSLT alone. The secondary outcomes 
include the changes in the WAB-AQ, Communication 
Activities of Daily Living-3, International Classification of 
Functioning, Disability and Health (ICF) speech language 
function, Barthel Index, Stroke Aphasic Depression 
Questionnaire-hospital version and sensorimotor 
assessments. The study will also collect functional imaging 
outcomes of naming and semantic violation tasks through 
functional MRI and electroencephalogram to evaluate the 
intervention-induced neuroplasticity.
Ethics and dissemination  This study was approved 
by the institutional review boards of Huashan Hospital, 
Fudan University, and all participating institutions. The 
study findings will be disseminated through peer-reviewed 
publications and conference presentations.
Trial registration number  ChiCTR2200057180.

INTRODUCTION
Background and rationale
Aphasia refers to a collection of acquired 
receptive and expressive language deficits 
that arise in many neurological diseases or 
after trauma and is most commonly seen 
following left hemisphere stroke.1 Globally, 
more than 10 million new stroke cases are 
reported each year,2 with at least one-third 
of these patients experiencing symptoms 
of aphasia3—one of the most devastating 
symptoms in stroke survivors.4 5 Aphasia is 
responsible for substantial costs for individ-
uals with stroke during the acute and chronic 
phases and is an independent predictor 
of subsequent functional dependence and 
death.3 6 The presence of aphasia predicts 
care and rehabilitation needs7 as well as and 
the likelihood of failure to return to work.8 
Language function in patients with poststroke 
aphasia recovers spontaneously to varying 
degrees.9 It is generally recognised that 
spontaneous recovery in language function 
reaches a plateau—6–9 months after the first 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This will be the first multicentre neurosurgery ran-
domised controlled trial aimed at improving lan-
guage function in patients with chronic poststroke 
aphasia.

	⇒ This study will explore the possibility of a new strat-
egy to improve multiple dysfunctions after central 
nervous system injury, based on peripheral neuro-
surgery and traditional rehabilitation treatments.

	⇒ A limitation of this study is that it will be evaluator-
blinded rather than double-blinded, and that the 
experimental group may receive a minor placebo 
effect.
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onset of stroke, and further improvements afterwards are 
few and negligible.10 11 During recovery, both the subtype 
and severity of aphasia change over time and patients 
may progress from sensory aphasia to conduction aphasia 
to naming aphasia and to ‘recovered’.12 Nevertheless, 
this ‘recovered’ status may also involve a mild, residual 
impairment that could be detected by a sensitive assess-
ment.13 However, some forms of aphasia persist into the 
chronic phase in at least half of the patients.14

Although most aphasia therapy studies have enrolled 
patients with chronic stroke, conceivably, earlier aphasia 
therapy is also effective, as it has achieved good results 
after stroke.15 Common aphasia rehabilitation treatments 
include classic speech-language rehabilitation training, 
low-frequency electrical stimulation therapy, repetitive 
transcranial magnetic stimulation (rTMS) and transcra-
nial direct current stimulation (tDCS). Many clinical 
studies16 17 have shown that speech and language therapy 
(SLT) effectively improves communication, reading, 
writing and language expression in patients with post-
stroke aphasia, and high-intensity and long-term mode 
may have better effects.18 A large-scale randomised 
controlled trial (RCT) reported that, 3 weeks of inten-
sive SLT (iSLT) showed improvements in patients with 
chronic poststroke aphasia and significantly enhanced 
verbal communication among people aged 70 years or 
younger.17 This beneficial outcome could be maintained 
for up to 6 months after treatment. Stahl et al19 further 
determined the optimal daily dosage and total duration 
of iSLT, reporting no added value from >2 hours of daily 
SLT within 4 weeks. In addition, non-invasive brain stim-
ulation therapy is widely used in the rehabilitation of 
various neurological diseases. tDCS uses electrode pads 
to deliver a weak direct current to specific brain regions, 
which can affect the function of the cerebral cortex and 
help improve the accuracy of noun naming in patients 
with aphasia.20–22 However, sufficient data on the optimal 
sample size and a strict methodology. Low-frequency 
rTMS is the regular and repeated application of a pulsed 
magnetic field that briefly penetrates the skull targeting 
specific cortical regions; this induces plastic changes in 
the brain and language function in patients with long-
term poststroke aphasia. However, its efficacy remains 
controversial and warrants further confirmation through 
large-scale clinical trials.23

We previously developed a surgical procedure for 
contralateral C7 (CC7) transfer from the non-paralysed 
to the paralysed side (CC7–C7 cross nerve transfer), after 
which patients with stroke demonstrated improved motor 
function and reduced spasticity in the paralysed arm over 
12 months.24 To date, more than 1000 patients have under-
gone this surgery.24 In addition to arm motor recovery, 
language improvement was frequently self-reported by 
patients and caregivers during follow-up, and it occurred 
very rapidly after CC7 treatment. A few days are by far not 
sufficient for the transferred C7 nerve to regenerate25; 
therefore, we assumed that the rapid improvement in 
language function was mediated by the C7 neurotomy 

(NC7) on the paralysed side (right side), rather than 
nerve regeneration. During the CC7 operation, we cut 
the C7 nerve root at the intervertebral foramen to ensure 
that the C7 nerve on the paralysed side would provide 
more nerve fibre length.26 The anterior and posterior 
roots converge into spinal nerves at the intervertebral 
foramen, and the posterior roots enlarge near the inter-
vertebral foramen to form ganglia, also known as the 
dorsal root ganglion (DRG).27 28 The exact location of 
the neurotomy was the transitional junction of the C7 
nerve root with the DRG.29 The human C7 nerve contains 
80 000 fibres,30 94% of which are sensory fibres emitted 
by the DRG.31 Hence, neurotomy of the C7 nerve root 
at the junction with the DRG could block the ascending 
sensory pathway from the affected limb to the brain. 
Based on the anatomy of the brain functional areas, we 
hypothesised that, since the sensorimotor centre is adja-
cent to the language centre, if the sensorimotor centre is 
artificially changed by NC7 at the intervertebral foramen, 
it maybe possible to stimulate the language centre and 
achieve relevant functional changes. NC7 may also leads 
to a change in interhemispheric balance, thus affecting 
the functional neural circuits of language. We designed 
this trial to evaluate the surgical effect of NC7 at the 
intervertebral foramen on the underlying neuroplasticity 
in patients with chronic poststroke aphasia. Meanwhile, 
the iSLT will be used as the control method to assess the 
effect of the intensive intervention after 3 weeks and the 
maintenance of the effect after 6 months in both groups. 
Neuroimaging methods will be simultaneously used to 
obtain objective data to test our hypothesis.

Aims of the study
This study will to evaluate the therapeutic efficacy of NC7 
at the intervertebral foramen for on language impair-
ment in patients with chronic poststroke aphasia. This 
paper describes the related study design.

Our objectives are: (1) to evaluate the efficacy of 
NC7 plus iSLT (3 weeks) compared with iSLT (3 weeks) 
alone, as well as the safety and long-term stability of NC7 
outcomes and (2) to explore the possible central plastic 
mechanism of improvement after NC7 plus iSLT using 
functional neuroimaging measurements.

METHODS AND ANALYSIS
Trial design
This study will be a multicentre, randomised, assessor-
blinded, active-controlled trial. The participants will be 
randomly allocated to either group (NC7+iSLT group or 
iSLT alone group) with a ratio of 1:1 at the four partic-
ipating centres (online supplemental table 1). Patients 
in group A will be treated with NC7 at the interverte-
bral foramen combined with 3-week iSLT, and patients 
in group B will be treated with 3-week iSLT alone. The 
participants will be recruited from the rehabilitation facil-
ities, outpatient department or through the collaboration 
with the Speech Therapy Committee of the Shanghai 
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Association. Eligible patients will be invited to participate 
in this study and will be asked to sign informed consent.

Eligibility criteria
The inclusion criteria are the following:
1.	 Aphasia for over 12 months after a single onset of in-

farction or haemorrhage of the left hemisphere, con-
firmed by MRI.

2.	 Of 40–65 years, male or female sex, right-handed, na-
tive Chinese speakers.

3.	 Western Aphasia Battery Aphasia Quotient (WAB-AQ) 
score below 93.8 points.

4.	 Severity score assessed using the Boston Diagnostic 
Aphasia Examination (BDAE) test of level 1 and above.

5.	 Good compliance and ability to cooperate with lan-
guage rehabilitation training.

6.	 Ability to understand fully and agree with the doctor’s 
treatment plan and sign the informed consent.

Criteria 3 and 4 will to be confirmed through the diag-
nostic evaluations of two attending specialists.

Exclusion criteria are the following:
1.	 Any surgical contraindication, determined by a quali-

fied anaesthesiologist or clinician.
2.	 History of aphasia before the last onset of a stroke.
3.	 Serious, untreated mental illness.
4.	 Aphasia due to neurodegenerative diseases or traumat-

ic brain injury.
5.	 Contraindications for electroencephalogram (EEG) 

and MRI evaluation.
6.	 Inability to complete the assessments and rehabilita-

tion required per study design.
7.	 Severe motor speech disorder and hearing impair-

ment.
8.	 Having received intensive poststroke rehabilitation 

therapy 4 weeks before recruitment.

Interventions
NC7 at the intervertebral foramen
A 6 cm long longitudinal incision will be made along the 
medial border of the sternocleidomastoid muscle on the 
right side after the cervical plexus, under local/general 
anaesthesia (depending on the patient’s preference and 
the anaesthesiologist’s risk assessment). The structure 
will be carefully separated layer-by-layer and the brachial 
plexus will be identified by marking the C7 nerve with a 
vessel loop. The C7 root will be mobilised and sectioned 
proximally at the intervertebral foramen. Considering 
that some patients have limb hemiplegia, CC7 surgery 
may be required to improve limb function by the end of 
this trial. Therefore, we will fix the severed C7 root to the 
fascia, at the junction of the scapulohyoid and sternoclei-
domastoid muscles, with a silk thread; this will facilitate 
retrieval and anastomosis with the CC7 root during later 
CC7 surgical intervention.26

iSLT rehabilitation
Base on previous studies, we formulated a 3-week iSLT 
plan. SLT will be performed by a therapist for at least 

45 min, twice daily, 5 days a week. The intervention will 
also involve an additional 1 hour/day of self-administrated 
language-specific training. The patients will receive reha-
bilitation treatment at different centres from qualified 
rehabilitation therapists.

Study setting
This study will begin in July 2022, and the participants 
will be recruited between July 2022 and July 2023. The 
study is expected to be completed in July 2024. Fifty 
patients diagnosed with chronic aphasia and hemiplegia 
after stroke will be recruited. The treatment and visit 
plans are shown in figure 1. Patients will be selected on 
their first visit according to the eligibility criteria. Eligible 
patients will be randomly assigned to one of the two 
groups at different centres. The patients in group A will 
receive NC7 after baseline assignment and the first assess-
ment on day 3 (+1). The iSLT treatment for group A will 
starts 1 week after NC7 surgery. Meanwhile, the patients 
in group B will be awaiting the therapy programme, 
and receive a short-term efficacy assessment after 3 
(+1) days. These patients will undergo the same iSLT 
programme as patients in group A. Three weeks after the 
iSLT programme, all patients will undergo the second 
follow-up (3 weeks±3 days after iSLT commencement). 
All patients will undergo long-term evaluation 6 months 
after iSLT commencement. The schedules for enrolment, 
interventions and assessments are presented in table 1.

Participant timeline
Table 1 shows the overall study timeline including enrol-
ment, intervention and assessment schedule.

Randomisation and blinding
This study’s stratified block randomisation process will 
be performed using an interactive web response system; 
the stratified factor will be the centre: Huashan Hospital, 
Fudan University; Shanghai Pudong Hospital; Huadong 
Hospital affiliated to Fudan University or Shanghai 
Xuhui Central Hospital. Because the intervention in this 
study includes surgery at the neck, the assessor-blinded 
method will be applied at the outcome evaluation stage. 
All patients will be required to wear a cervical collar to 
cover their neck during each evaluation, and the evalua-
tion process which will be videotaped. A third-party inde-
pendent team consisting of two trained evaluators will 
conduct the language function final scoring based on the 
videos.

Outcome measures
The primary outcome is the change in the total score 
of the Boston Naming Test (BNT-60) scale of groups A 
and B, from baseline (visit 2) to postintervention (visit 
4). The BNT is a classic measurement tool for evaluating 
language function; BNT-60 is the international version. 
The BNT scale shows high concurrent validity with other 
standard naming ability assessment tools and is particu-
larly suitable for the postacute/chronic phase after stroke 



4 Li T, et al. BMJ Open 2023;13:e065173. doi:10.1136/bmjopen-2022-065173

Open access�

aphasia. In this study, we used validated Chinese version 
of the BNT.32 33

Secondary outcomes include aphasia quotient, daily 
communication (using the Communication Activities of 
Daily Living-Third Edition (CADL-3) score), activities 
of daily living (ADL) (using the Barthel Index), speech 
language function assessment (using the International 
Classification of Functioning, Disability and Health 
(ICF)34 speech language function assessment), poststroke 
depression assessment (using the Stroke Aphasic Depres-
sion Questionnaire-hospital version) and surgical safety-
related outcomes. The assessments performed to collect 
data on primary, secondary and surgical safety outcomes 
are listed in table 2.

Brain plasticity evaluation
Explorative evaluations included brain functional plas-
ticity detection using functional MRI (fMRI) and EEG. 
Resting-state, task-designed functional and structural 
MRI using a GE 3.0 T MRI scanner (MR750) will be 
collected at baseline, and at V2, V4 and V5 follow-ups. 
In the task-designed MRI and EEG evaluations, picture 
naming tasks and semantic prediction tasks will be used 
to assess patient recovery and the related central plasticity 
mechanism.

Adverse events
Patient safety will be monitored at each study visit. 
Patients will receive detailed information regarding who 
to contact in case of an adverse event. The investigators 
will record all descriptions of adverse events during each 
visit. In this clinical trial, severe adverse events (SAEs) 
will be considered death, life-threatening severe deteri-
oration of health requiring inpatient hospitalisation or 
prolongation of current hospitalisation, and persistent 
or significant disability/incapacity requiring intervention 
to prevent permanent impairment or damage. Patients 
with SAEs will be withdrawn from the clinical trial, as it 
would be unsafe to continue the trial procedure. If an 
SAE occurs, investigators will take immediate treatment 
measures to ensure patient the safety and report to the 
institutional review board and relevant competent author-
ities within 24 hours.

Data collection and management
Data will be collected using an electronic data-capture 
system. The data administrator will be responsible for 
data management and revision. After the data will be 
checked and the database is confirmed to be correct, 
they will be locked and submitted for statistical analysis. 
The original functional neuroimaging dataset containing 
patient-identifying information will be presented as a 

Figure 1  Trial design in detail and patient flow chart. SLT, speech and language therapy.
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disk, while the data anonymised equivalent will be saved 
and analysed.

Analyses
Sample size
As mentioned, the primary outcome of this study will 
be the change in naming score from baseline to postin-
tervention. According to the literature,16 19 the naming 
score can be improved after intensive speech therapy and 
verified after non-invasive brain stimulation therapy.21 22 
In the preprint data, which is a phase-I cohort study35 
including patients with poststroke aphasia who received 
NC7 plus iSLT, the patient naming score evaluated by 
BNT was increased by 11.2 points on average, while 
that of the patients who received iSLT alone increased 
by 5.7 points on average from our literature review.36 
According to results of our phase-I study, the SD was 
6.2. With a two-sided significance level of 0.05, a sample 
size of 40 patients (20 per group) provided 80% statis-
tical power to demonstrate the difference in the change 
in BNT scores compared with baseline. Considering a 
drop-out rate of 20%, 50 patients (25 per group) will 
recruit.

Statistical analysis
Analyses of the primary endpoints will be performed on 
the full analysis set, which will include all patients randomly 
allocated to the study treatment. The per-protocol set will 
include all patients who will have completed the study 
without major protocol deviations. Safety will be evalu-
ated in all patients receiving study treatment and analysed 
using descriptive statistics.

Categorical data will be presented as frequencies 
and percentages, and continuous data as mean (SD) 
or median (IQR). Analysis of covariance will be used to 
conduct between-group comparisons of changes from 
baseline in primary and secondary outcomes. The base-
line and centre values will be covariates. Generalised 
estimating equation models will be used to analyse the 
longitudinal data between the groups. Subgroup anal-
yses will include study centre and type, aetiology and 
severity of aphasia. Sensitivity analysis will be performed 
on missing data for the primary endpoint. All hypothesis 
tests will be are two sided, and statistical significance will 
be considered at p<0.05.

Table 1  Timeline of enrolment, intervention and assessment schedule

NC7+iSLT (group A: experimental group)

Time point

Visit 1
(eligibility 
screening)

Visit 2
(baseline)

Visit 3
(3 days+1 day 
post-NC7)

Visit 4
(3 weeks±3 days 
post-iSLT onset)

Visit 5
(24 weeks±7 days 
post-iSLT onset)

Informed consent √

Inclusion and exclusion criteria scrutiny √

Demographic information √

General physical examination √

Primary outcome √ √ √ √

Secondary outcomes √ √ √ √

Safety outcomes √ √ √ √

Brain plasticity evaluation √ √ √

iSLT alone (group B: control group)

Time point

Visit 1
(eligibility 
screening)

Visit 2
(baseline)

Visit 3
(3 days+1 day, 
waiting periods 
onset)

Visit 4
(3 weeks±3 days 
post-iSLT onset)

Visit 5
(24 weeks±7 days 
post-iSLT onset)

Informed consent √

Inclusion and exclusion criteria scurtiny √

Demographic information √

General physical examination √

Primary outcome √ √ √ √

Secondary outcomes √ √ √ √

Safety assessment √ √ √ √

Brain plasticity evaluation √ √ √

iSLT, intensive speech and language therapy; NC7, C7 neurotomy.;
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ETHICS AND DISSEMINATION
Ethical approval for this trial was granted by the Insti-
tutional Review Board of Huashan Hospital, Fudan 
University, and by the institutional review boards of all 
participating institutions (online supplemental table 
1). All patients will sign informed prior to enrolment. 
Patients may withdraw from the study at any time. 
Important protocol modifications will be communicated 
to the relevant members of the research team. All proce-
dures will be performed in accordance with the princi-
ples of the Declaration of Helsinki. The study findings 
will be disseminated through peer-reviewed publications 
and conference presentations.

Patient and public involvement
Patients and the public were not involved in the design 
and conception of this study. The study results will be 
disseminated to the public upon completion of the trial 
and individual test results will be provided to patients 
upon request.

DISCUSSION
Owing to the high morbidity and heavy disease burden 
of stroke in China,37 there is an urgent need for effective 
treatments of chronic poststroke aphasia. This current 
manuscript describes the methodology of a trial designed 
to evaluate the effects of NC7 on language-impairment 
symptoms in patients with chronic poststroke aphasia. 
This study bears major importance because it could 
provide evidence for the validity of a novel therapeutic 
strategy for improving language function while attenu-
ating stroke-related dysfunctions.

This study focuses on the evaluation of postoperative 
language function. Language function can be assessed 
using naming tests and communication ability assess-
ments, for instance. Patients with aphasia who receive 
iSLT or non-invasive peripheral stimulation can exhibit 
improvements in naming ability38 and social commu-
nication17; however, the effect sizes are usually modest. 
In a previous study, we found that the naming ability 

Table 2  Assessments for primary, secondary and safety outcome data collection

Variable Measure

Primary outcome

Naming ability Change in Boston Naming Test (BNT) score from baseline (visit 2) to postintervention (visit 4, after 3 
weeks of iSLT). The BNT scale is a performance-based measure commonly used to assess the visual 
confrontation naming ability among adults with aphasia. Participants are shown pictures of common 
objects and asked to name each stimulus item within 20 s. The score rang is 0–60; higher scores mean 
better outcomes in naming ability.

Secondary outcome

Aphasia quotient Change in Western Aphasia Battery (WAB) score compared with baseline. The WAB scale is a weighted 
average of all subtest scores relating to spoken language. It consists of the sum of all subtest scores 
from the first four parts of the WAB (spontaneous speech, auditory verbal comprehension, repetition, and 
naming and word finding), recording the total average score and SD. The score range is 0–100; higher 
scores indicate better performance.

Daily 
communication

Change in the Communication Activities of Daily Living-Third Edition (CADL-3) compared with baseline. 
The CADL-3 scale contains 50 items assessing the functional communication skills of adults with 
neurogenic communication disorders in seven areas. The participants receive a score of 0, 1 or 2 for each 
item; higher scores reflect better communicative success.

Speech language 
function 
assessment

Change in International Classification of Functioning, Disability and Health (ICF) speech language function 
assessment compared with baseline. The aphasia-adapted ICF speech language function assessment will 
be used for self-evaluation of communication functions, participation and activity. The score rand is −2 to 
+2; higher scores mean better outcome in quality of life.

Activities of daily 
living

Change in Barthel Index score compared with baseline.

Poststroke 
depression 
assessment

Change in Stroke Aphasic Depression Questionnaire-hospital version compared with baseline.

Surgical safety outcomes

Muscle strength Change in Medical Research Council grading system score compared with baseline.

Spasticity Change in the Modified Ashworth Scale score compared with baseline.

Range of motion Change in range of motion of the main joints of the upper limbs score compared with baseline.

Sensory function 
assessment

Change in the tactile sensory threshold and 2-point discrimination score compared with baseline.

iSLT, intensive speech and language therapy.

https://dx.doi.org/10.1136/bmjopen-2022-065173
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of patients after CC7 significantly improved, and many 
other researchers have also used the suitable correct 
spontaneous naming scores as the only BNT-related 
index for evaluating language function.39 40 In this 
study, we will use the BNT scale as an evaluation index 
for language function as the primary outcome and the 
WAB, CADL Communication Scale, ADL Scale and Post-
Stroke Depression Scale scores as secondary indicators of 
language repetition, listening comprehension, communi-
cation ability, daily life and psychological status. The ICF 
speech and language function assessment can detect the 
degree of changes in voice intonation, oral motor ability, 
articulation intelligibility and oral expression to exclude 
the possible reduction of spasticity after neurotomy for 
the interference with study results.

CC7 was first invented by Gu et al41–43 to treat limb 
dysfunction after brachial plexus injury, and the follow-up 
work showed neuroplastic changes between the hemi-
spheres after surgery.44 45 Based on this theoretical 
perspective, Xu et al originally proposed the scientific 
viewpoint that ‘One hemisphere controls both limbs’ and 
expanded the development of the ‘CC7 nerve transfer’ to 
‘CC7–C7 cross nerve transfer’ for treating central hemi-
plegia.46–48 Our previous investigations suggested the 
possible correlation between CC7 and the improvement 
of chronic aphasia, an effect occurring in the early postop-
erative period.35 Thus, the possibility of aphasia recovery 
through NC7 at the intervertebral foramen caught our 
attention. In this study, we measured the muscle strength, 
joint range of motion, upper limb Modified Ashworth 
Scale score and sensory assessment as safety indicators to 
evaluate the effects of NC7 on the right side. If NC7 does 
improve language function without physical dysfunction, 
it will provide an entirely novel perspective for the treat-
ment of chronic poststroke aphasia. However, the mecha-
nisms underlying NC7 efficacy in chronic aphasia are not 
fully understood. We believe that this clinical improve-
ment in language function is related to NC7 stimulating 
neuroplasticity. This requires more objective functional 
imaging evidence. Several recent studies have reviewed 
the mechanisms of underlying the recovery from aphasia. 
In some cases, the therapy mechanisms49 50 are evidenced 
by changes in task-related brain activations or changes in 
functional connectivity within functional networks.51 52 
Here, we will use fMRI and EEG methods in relation to 
naming ability and semantic prediction to investigate the 
neural and physiological states induced by changes in 
language function after NC7.

In conclusion, this will be the first RCT to evaluate 
the effect of surgery in patients with chronic poststroke 
aphasia for whom no effective treatment is available. If 
found to be efficient, this strategy can be implemented 
regularly because of its ease of application and low cost. 
Moreover, larger trials should be extended to other 
diseases with central nerve injuries to assess the positive 
effects of this strategy on language and other functions. 
Once our hypothesis is confirmed, this trial will provide 
important evidence to support the use of NC7 at the 

intervertebral foramen as a novel treatment approach for 
chronic aphasia. A limitation of this study is that it is not 
double-blind but evaluator-blind, and the experimental 
group may experience a minor placebo effect. Never-
theless, a secondary endpoint assessment at 6 months 
postintervention is scheduled to be conducted to offset 
the short-term postsurgery placebo effect. At that time, 
the patient’s placebo effect due to invasive interventions 
will be greatly reduced.
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