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Abstract: The efficacy of drug therapy for cervical spine manipulation is poor, whereas microneedle interventional
therapy appears to be effective. The study aimed to further examine the clinical application of microneedle inter-
ventional therapy for cervicogenic dizziness. This was a study of patients (18-70 years; cervicogenic dizziness for
> 2 months) at the General Hospital of Guangzhou Military Command of PLA, China (June 2014 to June 2016). Pa-
tients were allocated to a Manipulation-Alone group (Long’s bone-setting manipulation 5 times/week for 2 weeks)
or Microneedle+Manipulation group (5 manipulations; then 2 sessions of microneedle interventional therapy 2
weeks apart). Primary outcomes were vertigo symptom score and its components (dizziness severity, frequency
and duration). Secondary outcomes included neck/shoulder pain severity, headache severity, daily life and work
capability, mental and social adaptation score, and vertebral artery color Doppler ultrasound indexes. Adverse
events were recorded. Of 102 patients screened, 18 met exclusion criteria and 4 were lost to follow-up. In the
Microneedle+Manipulation group (n=40; 18 males; 48.13+10.12 years; disease course, 11.06+£8.12 months) 40
had vertigo, 36 cervicodynia, 32 nausea and 18 tinnitus; lesion site was C1/C2 in 22, C2/C3 in 14 and C3/C4 in
8. In the Manipulation-Alone group (n=40; 20 males; 47.80+9.33 years; disease course, 10.34+9.58 months), 40
had vertigo, 37 cervicodynia, 30 nausea and 16 tinnitus; lesion site was C1/C2 in 24, C2/C3 in 14 and C3/C4 in
7. Baseline characteristics were similar between groups. In both groups, vertigo symptom score and scores for diz-
ziness severity, frequency and duration had all improved at 2 weeks and 6 months after therapy (all P<0.001), but
efficacy was superior in the Microneedle+Manipulation group (P<0.001). Scores for secondary outcome measures
were also higher in both groups at 2 weeks and 6 months after therapy (all P<0.001), with superior increases in the
Microneedle+Manipulation group (P<0.001). Improvements in vertebral artery diameter, blood velocity and blood
flow at 2 weeks and 6 months after therapy were greater in the Microneedle+Manipulation group (all P<0.05).
Adverse events were similar between groups. Microneedle interventional therapy combined with cervical spine
manipulation is a safe and effective treatment for cervicogenic dizziness.

Keywords: Cervicogenic dizziness, cervical vertigo; acupotomy, manipulation, microneedle interventional therapy

Introduction

Cervicogenic dizziness is a disease commonly
encountered in the neurology clinic, with around
half of all patients aged over 50 years with ver-
tigo suffering from this syndrome [1, 2]. The
rate in young patients has been rising gradual-
ly. Patients with cervicogenic dizziness gener-

ally present with disequilibrium and dizziness
associated with neck pain and discomfort, as
well as a history of neck injury or lesion [3, 4].
Patients with repeated attacks or a long dis-
ease course often suffer from neck cramps and
contracture of the muscle and fascia, which in
turn aggravates the disequilibrium [5]. Cervical
spine manipulation, drugs and physiotherapy
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are often used to treat cervicogenic dizziness,
but their efficacy is limited.

The deep muscle overlying the upper cervical
vertebrae contains an abundance of mechano-
receptors that relay proprioceptive information
regarding vertebral joint movement and head
orientation; this information integrates with the
vestibular and visual systems. In patients with
cervical spondylosis, muscle spasm, myofasci-
itis and synovial entrapment in the uncoverte-
bral joint can cause abnormal proprioception
and disturbed nerve impulse transmission to
vestibular nuclei [3, 6, 7], creating a feeling of
imbalance. Furthermore, cervical degeneration
or neck injury can damage the vestibular nuclei
or alter sympathetic excitability, resulting in ver-
tebrobasilar artery hemodynamic changes that
may contribute to the pathogenesis of cervico-
genic dizziness [7-15]. Vertebral artery asym-
metry is more common in patients with cervical
spondylosis (34%) than in the normal popula-
tion [16], while vertigo is associated with degen-
erative osteoarthritic changes and lower verte-
bral artery blood flow [13]. Segmentally distri-
buted bidirectional sympathetic nerve fibers
innervating the cervical vertebra are widely dis-
tributed in the joint capsule, posterior longitudi-
nal ligament, annulus fibrosus and dural sac [8,
17, 18]. Stretching or compression of sympa-
thetic nerves by cervical vertebral instability or/
and uncovertebral joint hyperplasia could alter
vertebral artery hemodynamics, causing dizzi-
ness. In view of the above, any method that
reduced pathologic stimulation of muscle/joint
capsule proprioceptors, sympathetic nerves
and the vertebral artery could potentially be an
effective therapy.

Posterior longitudinal ligament excision can
improve vertigo symptoms in patients with cer-
vical spondylosis [19, 20], indicating that relax-
ation of the muscle fascia, joint capsule and
ligament may be an effective treatment. Spinal
manipulation can reduce cervicogenic dizzi-
ness [21-24] and improve postural stability,
joint positioning and range of motion, muscle
tenderness, neck pain, and vertebrobasilar ar-
terial flow [22, 23]. Long’s bone-setting manip-
ulation, developed by Profs Long and Wei, is a
manipulation therapy based on cervical spine
anatomy and biomechanics that is widely used
in China and other parts of East Asia [25, 26].
The therapy is tailored to the types of vertebral
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joint displacement and rotation identified dur-
ing examination (including imaging) [27]. The
main therapeutic goal is reduction of the dis-
placement to improve posture and physiologic
movement. The manipulation involves small
forces, minimizing the risks of additional dam-
age to the neck [26-28].

Microneedle interventional therapy has been
used to treat cervical spondylosis in some
regions of China and East Asia. Prof. Duan has
developed an improved acupuncture technique
that combines modern orthopedics and soft
tissue surgery with traditional Chinese orthope-
dics [29-31]. Prof. Duan has used microneedle
interventional therapy for over 20 years and
achieved good efficacy in the treatment of spi-
nal diseases. The benefits of this therapy for
cervical spondylosis are thought to arise from
relaxation of adhesions, scars and contrac-
tures in cervical vertebral soft tissue, recovery
of mechanical dynamic equilibrium, improve-
ments in microcirculation and metabolism,
clearance of inflammatory mediators, release
of analgesic substances (e.g. enkephalin) and
relief of pain. Moreover, local effects on the
muscle fascia, joint capsule and ligaments may
result in the correction of proprioceptive dys-
function in the neck [30, 31] and improvement
in vertebrobasilar hemodynamics.

Although microneedle interventional therapy
has attracted attention as a novel treatment for
cervicogenic dizziness [32, 33], only limited
published data are available regarding its effi-
cacy. We hypothesized that the combination of
microneedle interventional therapy and cervi-
cal spine manipulation would have superior effi-
cacy to spine manipulation alone in the treat-
ment of cervicogenic dizziness. Therefore, we
designed and performed a randomized, con-
trolled study to explore the efficacy and safety
of microneedle interventional therapy in
patients with cervicogenic dizziness.

Materials and methods

Patients

Patients diagnosed with cervicogenic dizziness
at the Rehabilitation Medicine Department,
General Hospital of Guangzhou Military Com-

mand of PLA, China were recruited between
June 2014 and June 2016.

Int J Clin Exp Med 2018;11(4):3704-3716
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The following inclusion criteria were used for
enrolment of patients: 1) age 18-70 years; 2) a
clinical diagnosis of cervicogenic dizziness
using standard criteria (see below) [2, 4]; 3) dis-
ease course = 2 months; and 4) symptoms,
physical examination and X-ray imaging sug-
gested the existence of upper cervical spondy-
losis. The diagnosis of cervicogenic dizziness
[2, 4] was made on the basis of: 1) symptoms of
dizziness related to neck movement that were
associated with neck pain/discomfort with or
without headache, nausea and tinnitus; 2)
upper cervical tenderness and a positive head
impulse test on physical examination; 3) dys-
function of the atlanto-axial joint and degenera-
tive changes observed by X-ray imaging; and 4)
abnormal hemodynamic characteristics in the
vertebral artery revealed by ultrasonography or
magnetic resonance angiography (MRA).

The following exclusion criteria were applied: 1)
vertigo due to other causes such as cerebro-
vascular accident, cerebral trauma, migraine-
associated vertigo and chronic subjective ver-
tigo; 2) tumor, tuberculosis, cervical spine
fracture or serious osteoporosis; 3) severe ste-
nosis of the vertebral artery or atheromatous
plaque formation in the carotid or vertebral
arteries; 4) internal fixation of the spine; 5)
atlanto-axial dislocation, atlanto-odontoid con-
genital malformation or severe spinal instability
(ligament loosening, etc.); 6) severe dysfunc-
tion of the heart, brain, liver, kidney or coagula-
tion systems; 7) infectious disease or severe
dermatosis; or 8) women who were pregnant or
in the lactation period. Patients initially enrolled
in the study were excluded from the final analy-
sis if they: 1) did not finish the therapy accord-
ing to the regimen; 2) showed poor adherence
to treatment; or 3) withdrew from the study.

The study was approved by the ethics commit-
tee of the General Hospital of Guangzhou
Military Command of PLA, and all patients pro-
vided informed written consent.

Study design

The enrolled patients were randomly allocated
to one of two groups: a Microneedle+Manipul-
ation group (to receive a combination of mi-
croneedle interventional therapy and 5 ses-
sions of cervical spine manipulation) and a
Manipulation-Alone group (to receive 10 ses-
sions of cervical spine manipulation alone).
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Randomization was performed using a random
number generator to produce an allocation
sequence, and allocation concealment was
achieved through the use of sequentially num-
bered, opaque, sealed envelopes. A member of
staff not involved in delivery of the interven-
tions allocated the patients to the two groups.
The staff members providing cervical spine
manipulation and the evaluators of the out-
come measures (see below) were blinded to
the grouping of the patients.

Interventions

During the 2-week therapy period, all patients
were precluded from receiving any other treat-
ments from medical staff not involved in this
study.

Manipulation-alone group

Cervical spine manipulation was carried out by
two physiotherapists and one physiatrist, each
of whom had at least 5 years’ experience.
According to Long’s bone-setting manipulation
[27], the procedure was performed once daily
for 25 min, 5 times/week (during weekdays) for
2 weeks. The segment and type of facet joint
displacement were determined from the symp-
toms and results of palpation and X-ray imaging
(cervical spine films using various views, includ-
ing open mouth, anteroposterior, flexion and
extension views). Manipulation to reduce the
displacement was carried out with low-ampli-
tude spinal adjustments and mobilization. First,
the patient was placed in the recumbent posi-
tion, and the area of the occipital triangle and
the neck and shoulder muscle groups were
relaxed by manipulation (mainly with the thumb,
but also with the palm) for 20 min. Then, manip-
ulation to reduce the displacement was carried
out. Long’s bone-setting manipulation has 10
methods, and the appropriate methods were
selected according to the dislocation position
and type. The main methods used were as fol-
lows: cervical extension technique for rotation-
al malposition of atlanto-axial articulation; lat-
eral transfer and pressing technique for lateral
malposition; cervical flexion-rotation for C3, 4
rotational malposition; and cervical lateral
push technique for rotational malposition of
the uncovertebral joint. The manipulation was
carried out with the minimal force necessary in
order to reduce discomfort and any sounds
(e.g. clicking or cracking) associated with reduc-

Int J Clin Exp Med 2018;11(4):3704-3716
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Figure 1. Photographs illustrating microneedle interventional therapy. The left and middle panels show insertion of
an acupotomy needle during therapy. The right panel shows a no. 4 disposable acupotomy needle (Hanzhang Type
1) with an overall length of 200 mm. The needle body is cylindrical (0.6 mm diameter, 80 mm length) and wedge-
shaped with a flat, bladed end that has a flush cut edge (0.6 mm). The handle (20 mm length) has a flat calabash-

like shape.

tion, as this was thought likely to improve
adherence to treatment. After manipulation,
the relevant muscles were massaged, and the
patients were asked to perform functional
activities before the session was considered
finished. If malposition of a segment was suc-
cessfully corrected, further manipulation of this
segment was not performed.

Microneedle+manipulation group

Cervical spine manipulation therapy was per-
formed by the same staff as those for the
Manipulation-Alone group, using the same
technique. Cervical spine manipulation was
performed once daily for 25 min, for a total of 5
sessions.

Microneedle interventional therapy [30] was
performed after the fifth manipulation and
again one week later, with each session lasting
10 min (Figure 1). The same physician (with
several decades of experience in orthopedic
surgery and 20 years’ experience in rehabilita-
tion medicine) carried out microneedle inter-
ventional therapy on all patients in the Micro-
needle+Manipulation group. The patient was
placed in a recumbent position, lidocaine was
injected subcutaneously, and pressure was
applied to the wound for 30 min to achieve
hemostasis. A no. 4 acupotomy needle (Han-
zhang Type |, Huaxia Zhendao) was used, with
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10-15 entry points/session. The start and end
points of the muscle were taken as the main
entry points and were marked by gentian violet.
After withdrawing the acupotomy needle, pres-
sure was applied using drapes to achieve
hemostasis. The following approaches were
used. 1) For relaxation of the rectus capitis pos-
terior major muscle, the acupotomy edge ran
parallel to the axis of the patient’s body from
the rectus capitis posterior major and minor
muscles: the entry point was vertical and the
depth was down to the bone surface; vertical
cuts were made for relaxation, with 2-3 cuts
made along a horizontal strip. 2) For relaxation
of obliquus capitis superior and inferior, the
obliquus capitis superior was taken as the entry
point, and the acupotomy slid along the bone
surface to the posterior tubercle of the trans-
verse process, with 1-2 relaxing cuts made. The
acupotomy was vertically inserted to the bone
surface one-third of the way along obliquus
capitis superior and inferior, and 2-3 vertical
and horizontal cuts were made for relaxation.
The C2 spinous process from which obliquus
capitis inferior arises was taken as the entry
point to the spinous process tip, and 1-2 cuts
were made alongside the spinous process. 3)
For relaxation of the second, third and fourth
cervical vertebral spinous processes and trans-
verse processes, the acupotomy needle was
inserted vertically to the second, third or fourth

Int J Clin Exp Med 2018;11(4):3704-3716
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102 matched
inclusion criteria

Figure 2. Patient disposition.

0-8), frequency of dizziness
(scored 0-4) and duration of
each episode of dizziness

v

18 excluded due to:
atheromatous plaques in carotid/
vertebral arteries; severe
osteoporosis; atlanto-odontoid
congenital malformations;
vertebral artery congenital
malformations; blood
coagulation system dysfunction;
severe cerebrovascular
dysfunction; dermatosis;
pregnancy, recent acupotomy

(scored 0-4) [34]. The sec-
ondary outcome measures
(recorded at baseline and at
2 weeks and 6 months after
therapy) included severity of
neck and shoulder pain
(scored 0-4), severity of he-
adache (scored 0-2), daily
life and work capability (sc-

y
84 randomized

ored 0-4), and mental and
social adaptation score (sc-
ored 0-4) [34]. For all out-

42 allocated to Microneedle
+Manipulation group

42 allocated to
Manipulation-Alone group

come measures, a higher
score indicated lower sy-
mptom severity. In addition,

2 lostto

Doppler ultrasound exami-
< 2lostto nations (Vivid 7 ultrasound

follow-up |~

v N

“| follow-up machine with 10L probe; fre-
quency 4-10 MHz; GE He-

40 analyzed in Microneedle
+Manipulation group

40 analyzed in
Manipulation-Alone group

althcare) of the bilateral ver-
tebral arteries were under-

cervical vertebral spinous process with the
acupotomy edge parallel with the patient’s
body. After the blade had reached the spinous
process bone surface, 1-2 cuts were made
along the bone surface in the up, down, left
and right directions. The C2, C3 and C4 trans-
verse processes were relaxed 5 cm from the
neck midline. The entry point was vertical to
the bone surface, and the needle was inserted
down to the bone surface. A total of 2-3 cuts
were made horizontally and vertically along the
bone surface.

Clinical data and outcome measures

The demographic and clinical characteristics of
the participants were collected at the initial
baseline appointment by means of self-report-
ing questionnaires, clinical history taking and
physical examination.

The primary and secondary outcome measures
were evaluated by staff blinded to the patient
grouping. The primary outcome measures
(recorded at baseline and at 2 weeks and 6
months after therapy) were total vertigo symp-
tom score (scored 0-16) and its component
parts, namely: severity of dizziness (scored
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taken before, 2 weeks after

and 6 months after therapy
to measure blood vessel diameter, blood veloc-
ity (cm/s) and blood flow (mL/min).

Evaluation of efficacy

Evaluation of treatment efficacy was performed
by staff blinded to the patient grouping. As sug-
gested by the 3rd National Summary of the
Symposium on Cervical Spine [2], efficacy at 2
weeks after therapy was classified on the basis
of improvements in dizziness symptoms, neck
pain symptoms and daily life scores, as follows:
1) complete cure: all symptoms (including dizzi-
ness and neck pain) had completely disap-
peared, with normal motion in the cervical ver-
tebra, normal neck rotation, normal ‘bow and
lean’ test, and daily life unaffected; 2) high effi-
cacy: symptoms such as dizziness and neck
pain had nearly but not completely disap-
peared, with normal motion in the cervical ver-
tebra, normal neck rotation, normal ‘bow and
lean’ test, and daily life only slightly affected; 3)
moderate efficacy: symptoms such as dizzi-
ness and neck pain had improved but still
required further therapy, and daily life was also
improved but still affected to some degree; or
4) no effect: symptoms and daily life scores
showed no improvement.

Int J Clin Exp Med 2018;11(4):3704-3716
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Table 1. Baseline clinical characteristics of the patients included in the analysis

Microneedle+Manipulation

Manipulation-Alone

Characteristic (n = 40) (n = 40) P value
Age (years) 48.13+£10.12 47.80+9.33 0.8799
Sex (male/female) 18/22 20/20 0.6543
Disease course (months) 11.06+8.12 10.3449.58 0.7179
Symptom scale scores
Total score 12.67+2.05 13.27+1.93 0.1816
Total score for dizziness 6.17+1.41 6.51+1.25 0.2573
Dizziness severity 3.66+1.30 3.85+1.35 0.5233
Dizziness frequency 1.31+0.46 1.22+0.62 0.4631
Dizziness duration 1.20+0.57 1.44+40.57 0.0634
Neck and shoulder pain 2.31+0.63 2.31+0.70 1.0000
Headache 1.19+0.31 1.25+0.38 0.4414
Daily life and work 1.63+0.66 1.81+0.69 0.2368
Mental and social adaptation 1.37+0.58 1.39+£0.91 0.9070
Lesion site
C1/C2 22 (55%) 24 (60%)) 0.6510
C2/C3 14 (35%) 14 (35%) 1.0000
C3/C4 8 (20%) 7 (17.5%) 0.7745
Comorbidities
Hypertension 9 (22.5%) 7 (17.5%)) 0.5761
Diabetes mellitus 3 (7.5%) 5 (12.5%) 0.70942
Hyperlipidemia 7 (17.5%) 5 (12.5%) 0.5312
Ultrasound indexes
Vertebral artery diameter (mm) 3.04+0.31 3.06+0.34 0.8239
Vertebral artery blood velocity (cm/s) 15.91+2.96 15.97+2.82 0.4084
Vertebral artery blood flow (mL/min) 63.42+18.73 64.07+15.68 0.5002

Data presented as mean + SD or n. 2Mantel-Haenszel correction.

Statistical analysis

SPSS13.0 (SPSS Inc., Chicago, IL, USA) was
used to analyze the data. Data were analyzed
in the intention-to-treat population. Measure-
ment data are expressed as the mean + stan-
dard deviation (SD) while categorical data are
expressed as n (%). Baseline clinical character-
istics were compared between groups using
Student’s t-test for normally distributed contin-
uous data or the chi-squared test (with Mantel-
Haenszel correction when the minimum expect-
ed frequency was < 5) for enumeration data.
Comparisons of vertigo symptom scores and
neck/shoulder pain scores within groups at dif-
ferent time points and between groups were
made using one-way analysis of variance
(ANOVA) for repeated measurements; if the
Mauchly sphericity test was not met, the
Greenhouse-Geisser correction was used. Cli-
nical efficacy at 2 weeks was compared bet-
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ween groups using the Chi-square test. Ultr-
asound data were analyzed using ANOVA for
repeated measurement. The occurrence of
adverse events was compared between groups
using the chi-squared test with Mantel-
Haenszel correction (minimum expected fre-
quency < 5). P < 0.05 was considered to indi-
cate a statistically significant difference.

Results
Patient disposition

Patient disposition is shown in Figure 2. Of 102
patients initially screened for inclusion, 18
were excluded due to the presence of athero-
matous plaques in the carotid or vertebral
arteries, severe osteoporosis, atlanto-odontoid
congenital malformations, vertebral artery con-
genital malformations, blood coagulation sys-
tem dysfunction, severe cerebrovascular dys-

Int J Clin Exp Med 2018;11(4):3704-3716
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Table 2. Comparison of symptom scale scores before and after therapy in the two groups

Assessment scale Microneedle+Manipulation group (n = 40) P1 Manipulation-Alone group (n = 40) P2 P3
Before Two weeks Six months Before Two weeks Six months
therapy after therapy after therapy therapy after therapy after therapy
Total score 12.67+2.05 26.11+2.40 27.87+2.65 <0.001* 13.27+1.93 23.27+2.67 22.72+2.49 <0.001° <0.001°
Total score for dizziness 6.17+1.41 13.28+1.24 14.74+1.31 <0.001* 6.51+1.25 12.13+2.18 11.61+1.93 <0.001°> <0.001°
Dizziness severity 3.66+1.30 6.95+1.15 7.41+1.13 <0.001°* 3.85+1.35 6.22+2.20 5.85+1.21 <0.001° <0.001°
Dizziness frequency 1.31+0.46 3.51+0.47 3.76+0.46  <0.001°* 1.22+0.62 2.89+0.67 2.14+0.56 <0.001°> <0.001°
Dizziness duration 1.20+0.57 3.52+0.61 3.57+0.73  <0.001°* 1.44+0.57 3.02+0.63 2.62+1.07 <0.001° <0.001°
Neck and shoulder pain 2.31+0.63 3.85+0.29 3.88+0.22  <0.0012 2.31+0.7 3.52+0.48 3.48+0.47 <0.001® <0.001°
Headache 1.19+0.31 1.88+0.27 1.93+0.17 <0.001° 1.25+0.38 1.53+0.24 1.59+0.38 <0.001° <0.001°
Daily life and work 1.63+0.66 3.75%£0.5 3.78+0.33  <0.001* 1.81+0.69 3.18+0.54 3.26+0.61 <0.001° <0.001°

Psychological and social adaptation  1.37+0.58 3.35+0.58 3.54+0.63 <0.001* 1.39+0.91  2.91+0.61 2.78+0.76  <0.001° <0.001°

Data presented as mean + SD. P1: Comparison before and after therapy in the Microneedle+Manipulation group. P2: Comparison before and after therapy in the Manipulation-
Alone group. P3: Comparison of therapy efficacy between the Microneedle+Manipulation group and Manipulation-Alone group. ®ANOVA for repeated measurement, meeting Mauchly
sphericity test. "ANOVA for repeated measurement, not meeting Mauchly sphericity test and using Greenhouse-Geisser test instead.

3710 Int J Clin Exp Med 2018;11(4):3704-3716
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Table 3. Comparison of clinical efficacy between the two groups

Ness score or scores

Efficacy measurement (n = 40)

Microneedle+Manipulation Manipulation-Alone
(n = 40) P value ness, frequency of

for severity of dizzi-

Two weeks after therapy

Complete cure 33 (82.5%)

High efficacy 5 (12.5%)
Moderate efficacy 1(2.5%)
No effect 1 (2.5%)
Six months after therapy

Complete cure 35 (87.5%)
High efficacy 4 (10%)
Moderate efficacy 1 (2.5%)
No effect 0 (0%)

21 (52.5%)
10 (25%)
7 (17.5%)

17 (42.5%)
13 (32.5%)
7 (17.5%) primary outcome me-

3 (7.5%) asure scores were

0.0231 dizziness or duration
of dizziness (Table 1).
However, for both gr-
oups there were sig-
nificant improveme-
2(5%) nts in all of these
0.0035 scores after therapy
(all P < 0.001; Table
2). Furthermore, the

function, dermatosis, pregnancy or recent tr-
eatment with acupotomy. The remaining 84
patients were randomly divided into the
Microneedle+Manipulation and Manipulation-
Alone groups (n = 42 each). During therapy, 2
cases from each group were lost to follow-up
during the post-intervention phase. Thus, a
total of 80 patients, 40 in each group, were
included in the final analysis.

Baseline clinical characteristics

The patients in the Microneedle+Manipulation
group included 18 males and 22 females aged
48.13+10.12 years with a disease course of
11.06+8.12 months. Forty patients in the
Microneedle+Manipulation group had vertigo,
36 had cervicodynia, 32 had nausea and 18
had tinnitus; the lesion site was C1/C2 in 22
patients, C2/C3 in 14 patients and C3/C4 in 8
patients. The Manipulation-Alone group con-
sisted of 20 males and 20 females aged
47.80+9.33 years with a disease course of
10.3449.58 months. Forty patients in the
Manipulation-Alone group had vertigo, 37 had
cervicodynia, 30 had nausea and 16 had tinni-
tus; there were 24 cases of a C1/C2 lesion, 14
cases of a C2/C3 lesion and 7 cases of a C3/
C4 lesion. There were no significant differences
between the two groups in any of the baseline
clinical characteristics, including scores for
severity of dizziness, frequency of dizziness,
duration of dizziness, neck and shoulder pain,
headache, daily life and work capability, and
mental and social adaptation (Table 1).

Primary outcomes

Before therapy, there were no significant differ-
ences between the two groups in total dizzi-
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higher in the Micr-
oneedle+Manipulati-
on group than in the Manipulation-Alone group
at both 2 weeks and 6 months after therapy (all
P < 0.001; Table 2).

Secondary outcomes

Before therapy, the two groups did not differ
significantly with regard to neck and shoulder
pain, headache, daily life and work capability,
and mental and social adaptation (Table 1).
Both groups showed significant improvements
in all of these scores after therapy (all P <
0.001; Table 2). Moreover, the secondary out-
come measure scores were higher in the
Microneedle+Manipulation group than in the
Manipulation-Alone group at 2 weeks and 6
months after therapy (all P < 0.001; Table 2).

Comparison of efficacy

After 2 weeks of therapy, complete cure was
achieved in 33/40 patients (82.5%) in the
Microneedle+Manipulation group but only
21/40 patients (52.5%) in the Manipulation-
Alone group. At 6 months after therapy, the
complete cure rate was 35/40 (87.5%) in the
Microneedle+Manipulation group but only
17/40 (42.5%) in the Manipulation-Alone group.
Clinical efficacy was significantly superior in the
Microneedle+Manipulation group than in the
Manipulation-Alone group (P < 0.05; Table 3).

Vertebral artery color doppler ultrasound

Before therapy, there were no significant differ-
ences between the two groups in vertebral
artery diameter, blood velocity or blood flow
(Table 1). At 2 weeks and 6 months after thera-
py, there were significant increases in vertebral
artery diameter, blood velocity and blood flow
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Table 4. Comparison of vertebral artery color Doppler ultrasound indexes (on the affected side) be-
fore and after therapy in the two groups

Ultrasound index Microneedle+Manipulation group (n = 40) P1 Manipulation-Alone group (n = 40) P2 P3
Before Two weeks Six months Before Two weeks  Six months
therapy after therapy after therapy therapy after therapy after therapy

Diameter (mm) 3.04+0.31 3.41+0.32 3.49+0.36  <0.001* 3.06+0.34 3.30+£0.48 3.24+0.47 0.045% 0.043?

Blood velocity (cm/s) 15.91+2.96  18.69+2.93 19.62+3.25 <0.001* 15.97+2.82 17.79+4.45" 16.72+4.82 0.136* 0.016°
Blood flow (ml/min) 63.42+18.73 104.24+25.66 108.28+16.25 <0.001° 64.07+15.68 97.93+18.73 96.27+20.52 <0.001° 0.012°

Data presented as mean + SD. P1: Comparison before and after therapy in the Microneedle+Manipulation group. P2: Comparison before and after therapy in the
Manipulation-Alone group. P3: Comparison of effect between the Microneedle+Manipulation group and Manipulation-Alone group. “ANOVA for repeated measurement,
meeting Mauchly sphericity test. "ANOVA for repeated measurement, not meeting Mauchly sphericity test and using Greenhouse-Geisser test instead. *: At 2 weeks after
therapy, there was significant increase in blood velocity in manipulation-alone group than before therapy. (t'test, P<0.05).

Before therapy Two weeks after therapy

Six months after therapy

Figure 3. Photographs illustrating blood flow of Vertebral artery with Ultrasound before and after treatment in one
patient in the Microneedle+Manipulation group. The Left panel show blood flow of Vertebral artery before therapy.
(Diameter =0.29 cm, Blood velocity =16.86 cm/s, Blood flow =68.57 ml/min). The Middle panel show blood flow of
Vertebral artery two weeks after therapy (Diameter=0.33 cm, Blood velocity =20.51 cm/s, Blood flow =106.90 ml/
min). The right panel show blood flow of Vertebral artery six months after therapy (Diameter =0.33 cm, Blood veloc-

ity=22.59 cm/s, Blood flow =112.45 ml/min).

in the Microneedle+Manipulation group (all P <
0.05; Table 4) (Figure 3) and in vessel diameter
and blood flow (but not velocity) in the
Manipulation-Alone group (P < 0.05; Table 4).
Notably, the improvements in these ultrasound
indexes were superior in the Microneedle+
Manipulation group than in the Manipulation-
Alone group (all P < 0.05).

Adverse events

There were no serious adverse events reported
during the study. Mild and transient adverse
events were reported in a minority of patients
in both groups (predominantly aggravation of
dizziness/vertigo, neck/shoulder pain and
headache) but these subsequently fully re-
solved (Table 5). There were no significant dif-
ferences between groups in the incidence of
adverse events.

Discussion

The main findings of the present study were
that the symptoms of cervicogenic dizziness,
including the severity, frequency and duration
of dizziness and the severity of associated
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headaches, were improved 2 weeks after treat-
ment with either Long’s bone-setting manipula-
tion or a combination of microneedle interven-
tional therapy with cervical spine manipulation.
Furthermore, the benefits of both treatment
methods were maintained at 6 months, sug-
gesting long-term effectiveness. Importantly,
the efficacy of microneedle interventional ther-
apy combined with cervical spine manipulation
was superior to that of manipulation alone both
at 2 weeks and 6 months after therapy. In addi-
tion, although both treatment strategies im-
proved vertebral artery hemodynamic parame-
ters (measured using color Doppler ultrasound)
at 2 weeks and 6 months, greater improve-
ments were seen in patients receiving mic-
roneedle interventional therapy. These data
suggest that the combination of microneedle
interventional therapy with cervical spine
manipulation could be an effective manage-
ment strategy for achieving long-term allevia-
tion of symptoms in patients with cervicogenic
dizziness.

Internationally, standard Western cervical
spine manipulation techniques are used to
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Table 5. Adverse events in the two groups

the fascia will increase the

Microneedle+

pressure in the myofascial

Adverse event Manipulation Manipulation-~ ) o sheath, further stimulating
Alone (n = 40) .

(n =40) sympathetic nerves and

Aggravation of dizziness/vertigo 4 (10%) 7 (17.5%) 0.5161° resulting in dysfunction of

Aggravation of neck/shoulder pain 3 (7.5%) 5(12.5%) 0.7094° proprioception and vertebral

Aggravation of headache 0 3(7.5%)  0.2405° artery blood flow. Damage to

Other 3 (7.5%) 4(10%)  1.0000° the soft tissues surrounding

Note: ®Mantel Haenszel correction applied; "Minimum theoretical frequency

< 1, exact probability applied.

treat patients with cervicogenic dizziness. Wh-
en degeneration occurs, the spine can develop
functional segmental instability under physio-
logic loads [35-37] and exhibit displacement
during movement of the centrum. This is
thought to be an important pathogenic factor
for cervicogenic dizziness, as displacement can
lead to secondary inflammation, spasm and
mechanical imbalance in the soft tissues sur-
rounding the cervical vertebrae, exerting pres-
sure on sympathetic nerves that stimulates
them [38]. This in turn can affect the hemorhe-
ology of the vertebral artery and cause damage
to proprioceptors. Long’s bone-setting manipu-
lation can potentially correct malposition of the
uncovertebral joint and pars interarticularis,
rebuild the physiologic curvature of the cervical
vertebra, enlarge the inner diameter of the
transverse foramen (through which the verte-
bral artery runs), and reduce mechanical pres-
sure on the vertebral plexus, cervical sympa-
thetic trunk and ganglion and sinuvertebral
nerves, thereby alleviating abnormal excitation
of the sympathetic nerves and contracture of
blood vessels and surrounding soft tissue [22,
38, 39].

In this study, microneedle interventional thera-
py reduced the symptoms of cervicogenic dizzi-
ness with greater efficacy than cervical spine
manipulation alone. The biomechanical stabili-
ty of a cervical vertebra arises from endoge-
nous structures (including the vertebral body,
intervertebral disc and ligaments) that provide
static balance and exogenous structures (main-
ly the neck muscles) that provide dynamic bal-
ance. Mechanical imbalance in the cervical ver-
tebrae will alter the physiologic line of force
through the spine and exert abnormal stresses
on the attachment sites of the neck muscles,
leading to local muscle spasm, swelling and
hyperplasia. Chronic aseptic inflammation of
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the abnormal site can inhibit
successful correction of the
displacement by manipula-
tion. Microneedle interven-
tional therapy can potentially overcome this
issue by relaxing the soft tissues at various
sites, including the cervical vertebral spinous
processes, perispinous processes, transverse
processes, pars tuberalis, zygapophyseal joint,
foramen intervertebrale and muscular fasciae.
This in turn can reduce the abnormal excita-
bility of sympathetic nerves, improving the
hemorheological status of the vertebral arter-
ies, and correct dysfunction of proprioceptors
in the joint capsule, muscle fascia and liga-
ments. By recovering normal mechanical bal-
ance and neurologic function, microneedle
interventional therapy can potentially consoli-
date the benefits of cervical spine manipulation
and reduce symptom relapse in patients with
cervicogenic dizziness by preventing re-dis-
placement of small joints after reduction.
Recently, it was found that acupotomy regu-
lates the levels of b-FGF and CD34 levels in
serum and muscle tissue as well as local tissue
revascularization [40]. It was found that acu-
potomy treatments could lower NOS and beta-
EP levels in the hypothalamus, spinal cord, and
peripheral blood [41]. Furthermore, acupotomy
has been reported to reduce back pain and
radiating pain and in recovering the kinetic
state of soft tissue in patients with a herniated
intervertebral disc [42]. It was found that acu-
potomy is effective to relieve pain and to
improve quality of life in patients with degener-
ative lumbar spinal stenosis [43]. The present
study observed that both treatment approach-
es, but particularly microneedle interventional
therapy in combination with cervical spine
manipulation, improved hemodynamic param-
eters in the vertebral arteries, suggesting that
this may contribute to the clinical benefits in
patients with cervicogenic dizziness. Doppler
ultrasound examination can evaluate the he-
modynamic changes in the vertebral arteries
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with good sensitivity [14, 32] and could poten-
tially be used as a method for evaluating the
efficacy of treatments for cervicogenic
dizziness.

Although microneedle interventional therapy is
a minimally invasive technique, it still possess-
es invasive characteristics. Pathologically,
microneedle interventional therapy can cause
the generation of new scars in local tissue;
therefore, repeated trauma could result in the
formation of a new contracture, which would
not be conducive to long-term recovery of cervi-
cal spondylosis. For this reason, only 1-3 appli-
cations of microneedle interventional therapy
are recommended. A key part of delivering this
therapy is to accurately identify the therapy site
(the attachment and pressure points in the ten-
don) [44]. During treatment, the obtuse needle
is initially inserted rapidly through the skin but
is then advanced much more slowly to avoid
damage to nerves and blood vessels. Fur-
thermore, dredging and stripping are performed
after the needle has reached the bone surface;
back and forth motions are not undertaken to
avoid damaging the surrounding tissues.
Microneedle interventional therapy has good
efficacy for cervical spondylosis where the
lesion is mainly in the extra spinal soft tissues,
but poor efficacy when the lesion is caused by
intraspinal factors as it is very difficult to use a
microneedle to target lesions within the spinal
canal.

The present study has some limitations. First,
this was a single-center study, so the findings
may not be generalizable to other regions of
China or other countries. Second, the patient
was not blinded to the treatment method, and
this may have introduced bias that potentially
influenced the results. Third, the cervical spine
manipulation regimens were not the same in
the two groups. Fourth, additional groups
receiving other treatment modalities (e.g. medi-
cations) were not included, so it was not possi-
ble to make comparisons with other therapeu-
ticapproaches (or combinations of approaches).
Fifth, the follow-up period was only 6 months,
so conclusions cannot be drawn regarding the
longer-term benefits of the treatment methods.
Sixth, the potential benefits of functional train-
ing and home-based exercises were not exam-
ined. Functional recovery training (including
target movement and coordination training for

3714

the eye as well as neck and muscle contraction
training) during the remission period has gain-
ed increasing attention as an approach to
improving vestibular disorder in patients with
cervical spondylosis [3, 45]. Further studies
are required to confirm and extend our
observations.

In conclusion, microneedle interventional ther-
apy combined with Long’s bone-setting manip-
ulation therapy can significantly improve symp-
toms and vertebral artery hemodynamic status
in patients with cervicogenic dizziness. This
combined strategy should be alternative for
patients with chronic cervicogenic dizziness.
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