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ABSTRACT

Background: Warm acupuncture, a combination of the mechanical stimulation of acupuncture and ther-
mal stimulation of moxibustion, is commonly used in treating acute low back pain (LBP). This trial aimed
to compare the efficacy of stronger (above 43°C) and weaker (above 40°C) heat stimulation in warm
acupuncture on the function and pain in patients with acute LBP due to lumbosacral disc degeneration
(LDD).

Methods: One hundred and fifty-nine adults were randomly assigned to receive warm acupuncture treat-
ment with silver needle (SVN) or with stainless steel needle (SSN) (1:1). Both groups received a 3-week
therapy with 3 sessions per week. The primary outcome was the modified Oswestry Disability Index at
week 4. The secondary outcomes included average pain, three physical sign tests and adverse events.
Participants were followed up at week 16 and week 28 after randomization.

Results: The LBP related disability and pain intensity significantly relieved more in the SvN warm
acupuncture group than in the SSN group, in both the short and long term (p<0.001). The between-
groups difference in physical signs showed statistical significance only in the short term (p = 0.024), but
not in long term (p = 0.081; p = 0.069).

Conclusion: Compared with warm acupuncture with stainless-steel needle at above 40°C, warm acupunc-
ture with silver needle at above 43°C relieved more disability and pain in patients with acute LBP due to
LDD.

Study registration: Chinese Clinical Trial Registry (ChiCTR1800019051)

© 2021 Published by Elsevier B.V. on behalf of Korea Institute of Oriental Medicine.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

tion”8. The one-year recurrence rate in cases with sciatica is up
to 25%°. The Chinese Consensus on Rehabilitation of Lumbar Disc

Acute Low Back Pain (LBP) is mostly caused by lumbosacral
disc degeneration (LDD) when the structural correlate is confirmed
(80~89%)!+2. It causes variable clinical duration and is prone to de-
velop chronic syndrome3® in up to 10% of the affected popula-
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Herniation (version 2017)'° suggests non-surgical interventions as
the first-line therapy for about 80-90% of LBP onsets.
Acupuncture and moxibustion are among the non-surgical ther-
apy for acute LBP. The 2017 Clinical Practice Guideline from the
American College of Physicians recommended to use acupuncture
and superficial heat in the management of acute LBP with low and
moderate quality evidence!'. Warm acupuncture in traditional Chi-
nese medicine (TCM) is a combination of acupuncture and moxi-
bustion. It combines both the mechanical stimulation from needle
and the thermal stimulation from moxibustion, and is considered

2213-4220/© 2021 Published by Elsevier B.V. on behalf of Korea Institute of Oriental Medicine. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.imr.2021.100748
http://www.ScienceDirect.com
http://www.elsevier.com/locate/imr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.imr.2021.100748&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:cheng_ker@hotmail.com
mailto:pzyzjk@163.com
https://doi.org/10.1016/j.imr.2021.100748
http://creativecommons.org/licenses/by-nc-nd/4.0/

T. Li, S. Wang, K. Cheng et al.

to be a good choice in treating musculoskeletal disorders accord-
ing to the documentation in Yellow Emperor’s Canon of Internal
Medicine-Miraculous Pivot (Huang Di Nei Jing-Ling Shu), one of
the most important TCM classics. It's also considered a promising
therapy for LBP due to LDD in TCM'2. Temperature is considered
as an essential factor in warm acupuncture'®. However, due to the
poor thermal conductivity of commonly used stainless-steel nee-
dle (SSN), the heat stimulation is usually low with the tempera-
ture of about 41.7 °C at the skin'® and lower in the intramuscular
part. Our previous study showed that silver needle acupuncture
was superior than stainless-steel needle acupuncture when both
combined with traditional moxibustion in treating LBP due to lum-
bar disc herniation', which indicated higher heat stimulation may
cause more benefit. Our other study also found that silver needle
(SvN) produced stronger thermal stimulation compared to needles
made of other metallic material’®, and the initial heat pain thresh-
old of 43°C to 47°C is a safe and suitable range in warm acupunc-
ture for people. The aim for this trial was to investigate whether
warm acupuncture with silver needle at above 43°C is effective and
safe in reducing disability and pain in patients with acute LBP due
to LDD compared with warm acupuncture with usual stainless-
steel needle at lower temperature.

2. Methods
2.1. Trial design

This was a randomized, patient- and assessor-blinded trial with
two parallel arms (1:1), conducted in three independent centers
(Outpatient Clinic of Acupuncture and Moxibustion in Longhua
Hospital, Baoshan Hospital of Integrated Traditional Chinese and
Western Medicine, and Shanghai Pudong Hospital of TCM) from
December 2018 to January 2020. The trial consisted of a 3-week
intervention and an additional 25-week follow-up. This trial was
approved by the Ethics Committee of Shanghai Pudong Hospital
of TCM and was registered on the Chinese Clinical Trial Registry
(ChiCTR) (Registration number: ChiCTR1800019051).

2.2. Sample size

The sample size was calculated based on a previous RCT with
the same comparison'. According to the result that the post-
treatment mODI score (x & S) decreased to 26.29 + 18.02 in the
silver needle group, and 34.58 + 15.10 in the stainless-steel nee-
dle group, a sample size of 128 participants (64 for each group)
would be acceptable to detect a similar difference between the two
groups to achieve a 2-sided 5% significance level with at least 80%
power. Considering possible attrition (i.e., 20% dropout) during the
trial, a total of 160 patients were needed.

2.3. Randomization and blinding

We used a central randomization system by which the alloca-
tion was dynamically balanced by study sites. Randomization se-
quence was generated using SPSS Statistics (version 22.0). When
a candidate was enrolled, the allocation assistant in each center
called the central coordinator who ran the central randomization
system for the participant’s ID number and group allocation. Only
acupuncturists were informed of the participant’s group allocation
via email. Outcome assessors and statisticians were not informed
of the group allocation of the participants. Participants were in-
formed different types of warm acupuncture were studied, but
were not told the differences of the two treatments.
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2.4. Participants

One hundred and eighty patients aged from 20 ~ 70 years were
recruited from December 2018 to November 2019, through the of-
ficial homepage of involved hospitals, bulletin boards, and fliers in
nearby community.

Participants were included if they (1) presented all the follow-
ing symptoms and signs confirmed by orthopedists in each center:
a) LBP with or without lower extremity pain for no more than 12
weeks; b) the presence of nerve root entrapment, including Pares-
thesia, Dysreflexia, low Myodynamia, or muscle atrophy in the af-
fected lower extremity; c) paravertebral tenderness, limited range
of forward bending and a positive Lasegue’ s sign or Mackiewicz’ s
sign; (2) had computed tomography or magnetic resonance imag-
ing scan evidence supporting a confirmed LDD which resulted in
all the symptoms and signs presented; (3) reported Visual Ana-
logue Scale (VAS) pain score > 5 at the visit; (4) met the criteria
for Cold-Dampness-Bi syndrome according to the TCM diagnosis'®.
The exclusion criteria were (1) LDD with comorbidities including
spinal tumor, Cauda Equina nerve damage, lumbar spinal steno-
sis, lumbar Spondylolisthesis, Ankylosing spondylitis, sciatica of the
nerve trunk lesion, Piriformis syndrome, spinal infection or any
other situation that might cause peripheral neuropathy; (2) life-
threatening complication or contraindication to acupuncture ther-
apy; (3) experience of other conservative and surgical therapy for
LDD in the past two months; (4) pregnancy or lactation.

All participants were informed of the purpose, study proce-
dure, and any potential risks during the trial before signing the
informed consent forms. To improve patient’s adherence, the par-
ticipants who finished the whole treatment were subsidized (200
RMB | person).

2.5. Study interventions

The warm acupuncture was performed with moxibustion de-
vices and acupuncture needles. The acupuncture needles used
in the SvN group were strictly sterilized reusable silver needles
(0.40 mm*75 mm, 70% pure silver, Hwato Medical Material Co.,
Ltd., Suzhou, China), and in the SSN group were disposable stain-
less steel filiform needles (0.40 mm*75 mm, Jiajian Medical Ma-
terial Co., Ltd., Wuxi, China). The specially designed moxibustion
device (DAJ-23, XiangHe Chinese Traditional Medicine Instruments
Co., Ltd., Heilongjiang, China) consisted of a ceramic heating part at
the top and a cork layer at the bottom as an insulation preventing
the heat transfer from the upper heating part to the skin. In the
middle of the cork layer, there is a thin copper tube that can be
inserted in the upper heating part. After the acupuncture needle
was inserted in the body, the moxibustion device was put through
the needle on the skin, with the needle in the copper tube. When
the device was turned on, the heat from the upper heating part
transferred to the copper tube then to the needle. We applied eight
moxibustion devices on the main points at the lumbar region dur-
ing treatment. (Supplement 1).

Needles were inserted vertically to a depth of 30~50 mm, and
manipulated manually until "Deqi" sensation was obtained. The
device’s output temperature was set and kept stable at about 50°C.
The temperature at the skin surface at the site of needle was de-
tected as about 43°C in the SvN group and about 40°C in the
SSN group after immediate removal of the moxibustion device
with a thermal camera (FLIR ONE pro, version 3.0, FLIR Systems,
Inc.) (Supplement 2). Thus the actual temperature during warm
acupuncture with the heating device on should be higher than that
detected after immediate removal of the heating device (i.e., above
43°C in the SvN group and above 40°C in the SSN group at the
acupuncture site).
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Assessed for eligibility (n=180)

Excluded (n=10)

\ 4

+ Not meeting inclusion criteria (n= 8)
+ Declined to participate (n=2)

Randomized (n=170)

Baseline assessment (T) (n=159)

v

Allocation
A4

A 4

Allocated to silver-needle warm acupuncture (SvN) (n=85)
+ Received allocated intervention (n=82)
+ Did not receive allocated intervention

v’ turned to epidural injection (n=3)

Follow-Up

Participated the follow-up (n=82)

+ Post-treatment assessment (T,week 4™ ) (n=82)
+ 1st Follow-up (T,,week 16™ ) (n=82)

+ 2nd Follow-up (Ts,week 28" ) (n=82)

Did not participate the follow-up (n=3)

Analysis
A4

Analysed (n=82)
+ Excluded from analysis (n=3)

Allocated to steel filiform-needle warm acupuncture (SSN) (n=85)
+ Received allocated intervention (n=77)
«+ Did not receive allocated intervention

v' turned to epidural injection (n=3)

v’ withdraw for personal reasons (n=5)

A

Participated the follow-up (n=77)

+ Post-treatment assessment (T,week 4" ) (n=77)
+ 1st Follow-up (T»,week 16™) (n=77)

+ 2nd Follow-up (Ts,week 28" ) (n=77)

Did not participate the follow-up (n=8)

A

Analysed (n=77)
+ Excluded from analysis (n=8)

Fig. 1. Flow chart of the study process (adapted from the CONSORT flow chart).

Each treatment session was about 25 min with the heating up
procedure at the first 5 min. The treatments were performed 3
times a week for 3 weeks with a total of 9 sessions. The room
temperature was kept at 25 + 0.8 °C during treatment.

Points of bilateral BL23, BL25, and BL54 and unilateral EX-B2
15/16 of the affected side were chosen (Supplement 3) in the treat-
ment for LDD with cold-dampness syndrome based on TCM the-
ory and literature review!”. A pair of additional acupoints might
be added according to patients’ individual symptoms or signs.

Four qualified acupuncturists, each with the acupuncture prac-
tice of at least ten years, did the treatment. They were trained by
the chief coordinator in the treatment regimen as well as in the
management and reporting of the adverse events during treatment.

During the trial, patients were required to not to take analge-
sia or alcohol in the past 24 h before treatment, or the appoint-
ment would be canceled and postponed. Patients were also rec-
ommended to avoid lumbar exertion in daily life and have more
rest.

2.6. Outcome measurements

The patients were assessed at baseline and at week 4 (one week
after the end of treatment), 16 and 24.

2.6.1. Primary outcome

The primary outcome was the self-assessed modified Oswestry
Disability Index (mODI) in Chinese version'8, which was respon-
sive in evaluating LBP related disability, including symptom sever-
ity, functional activity, and behavioral performance. The score of

mODI was in form of percentage ranging from 0 (no disability) to
100 (most crippled).

2.6.2. Secondary outcomes

The average pain intensity of the low back in the past 7 days
was measured by VAS (from 0 to 10; 0: no pain, 1~3: mild pain,
4~6: moderate pain, 7~10 severe pain; >3 indicates medical man-
agement is needed)'®.

Physical signs, including straight leg raising test or femoral
nerve stretch test, radiation pain sensory disturbance and mus-
cle weakness, were evaluated with three physician-assessed items
in Japanese Orthopedic Association Back Pain Evaluation Question-
naire (JOABPEQ)?. The higher score indicates the less severe physi-
cal signs. The other items in JOABPEQ overlapping with mODI were
not measured to avoid repetition.

Participants’ expectancy and rationale credibility for the treat-
ment was evaluated by a specific credibility/expectancy question-
naire?! immediately after the first treatment.

Incidence of adverse effects, whether related to treatment or
not, were documented at each visit and during follow up.

2.7. Statistical methods

All data were double-entered into a password-protected
database. The data and safety monitoring board (DSMB) had free
access to audit and investigate the individual participant data
(IPD).

The primary analysis compared the 4-week mODI score be-
tween the two groups in all patients whose 4-week data were
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Table 1
Demographic and Baseline Characteristics of the participants

Characteristics SvN group (N = 82)  SSN group (N = 77)  p value
Age (yrs, X + SD) 47.01 + 11.57 46.39 + 12.34 0.743
Sex (N) 0.875

male 32 31

female 50 46
BMI (kg/m?, X + SD) 23.93 + 3.157 24.04 + 2.92 0.817
Duration (wks, median, interquartile range) 3 (2-6) 4 (2-6) 0417
Occurrence of leg pain (N, %) 79 (96.3) 69 (87.3) 0.095
Affected levels (N, %)

Ly-Ls 1(1.2) 0 (0)

L3-Ly 40 (48.8) 32 (41.5)

Ly-Ls 72 (88.8) 61 (79.2)

Ls-Sq 76 (92.7) 72 (93.5)
Participants’ expectancy and rationale credibility
(median, interquartile range) 21 (8.4-29.6) 20 (10.4-27.2) 0.062
mODI (%) 50 (40-64) 56 (42-62) 0.329
Average VAS pain 7 (7-8) 7 (6-8) 0.087
3 physical signs in JOABPEQ 4 (3-4) 4 (3-4) 0.123

BMI, body mass index; JOABPEQ, Japanese Orthopedic Association Back Pain Evaluation Questionnaire;
mODI, modified Oswestry Disability Index; N, number; SD, standard deviation; SvN, silver needle; SSN,
stainless-steel filiform needle; VAS, Visual Analogue Scale; wks, weeks; yrs, years.

available. To compare the two groups on the demographic and
baseline characteristics, we used chi square test for categorical
data, and 2-sample t-test or Mann-Whitney U test for continu-
ous data, depending on whether the data are normally distributed.
To compare the primary (mODI) and secondary endpoints (mODI
score at other time points, average VAS pain, physical signs score
and participants’ credibility and expectancy) at each time point,
two-sample t-test or Mann-Whitney U test was performed. All
statistical analyses were performed using SPSS (version 22.0, IBM
Corp., Armonk, NY). All reported p values were two sided and a
significance level of 0.05 was used.

3. Results
3.1. Demographic characteristics

One hundred and seventy out of 180 candidates were enrolled
in this trial and randomly assigned to SvN (n = 85) or SSN group
(n = 85). Eleven dropouts failed to finish the treatment (6 shifted
to epidural injection before the first visit, and other 5 ceased after
the first treatment for personal reasons), and 159 patients (93.5%)
completed the trial (Fig. 1).

The baseline characteristics were comparable between the
groups (Table 1). No statistically significant between-group differ-
ence was found in age, sex, BMI, disease duration, occurrence of
leg pain, affected level, mODI, average VAS pain, 3 physical signs
in JOABPEQ as well as patients’ expectancy and rationale credibil-
ity

3.2. Outcomes

3.2.1. Primary outcomes

At week 4, less disability in mODI of 8% (2%-18%) was reported
in patients receiving SvN group compared with that of 30% (20%-
42%) in SSN group, and the difference between the two groups
was significantly different (18%; 95% confidence interval [CI], 14%
to 23%; p < 0.001) (Table 2).

3.2.2. Secondary outcomes

MODI at the follow-ups (week 16 and 28) were also signifi-
cantly better in patient treating with SYN warm acupuncture than
those with SSN warm acupuncture (p < 0.001) (Table 2). The pa-
tients in the SvN group reported less average VAS pain than those

in the SSN group at all time points (p < 0.001) (Table 2). The pa-
tients receiving SVN warm acupuncture were evaluated to have less
severe physical signs in JOABPEQ at only week 4 (p = 0.024), and
the superiority did not seem to continue at the follow-up week 16
and 28 (p = 0.081 and p = 0.069) (Table 2).

3.2.3. Adverse events

No serious adverse events were reported in both groups dur-
ing the study. The common minor adverse events included mild
bruise, pain, soreness, or numbness at the acupuncture site in both
groups.

4. Discussion

Our study found that a total of 3 weeks with thrice weekly
treatments of silver needle warm acupuncture at 43°C showed bet-
ter effect in relieving LBP related disability and pain compared
with stainless steel needle warm acupuncture at 40°C. The ef-
fect remained up to 25 weeks after the end of treatment, while
the effect of warm acupuncture with silver needle over stain-
less steel needle in improving LBP physical signs did not pro-
long after treatment. The findings are similar to those of other
previous studies!>22:23, However, in these studies, the tempera-
ture of the warm acupuncture were not measured, and they also
had methodological flaws such as small sample size and inade-
quate follow-up time'>22:23, The strength of our treatment was
that we used a modern moxibustion device rather than the tra-
ditional ignited moxa to warm the needle. The moxibustion de-
vice is more convenient to operate, and can provide safer, steadier
and controllable heat stimulation. The temperature was set steady
to produce enough heat stimulation (above 43°C in silver needle
warm acupuncture, and above 40°C in stainless steel needle warm
acupuncture) while not cause burn at skin.

We speculated that the temperature of about 43°C and over at
the skin surface could be an important peripheral mechanism in-
volved in the better pain relief effect in the SvN group. The tem-
perature over 43 °C is the main activators of TRPV1 (transient re-
ceptor potential cation channel subfamily V member 1, expressed
on the free nerve endings of both C-fiber and A§-fiber?42°) and
the response threshold of afferent Ad-fiber and C-fiber nocicep-
tors?6-28, TRPV1 and C-fiber play the essential role in the pe-
ripheral afferent mechanism in the analgesia of thermal stimu-
lation. Research noticed that the thermal stimulation of 38°C at
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Table 2
The mODI, VAS pain, and Physical examination score in JOABPEQ of the participants
Week  SvN group (n = 82)  SSN group (n = 77)  Difference (95% CI)  p value
mODI (%) 4 8 (2-18) 30 (20-42) 18 (14, 23) <0.001
16 7 (2-18) 26 (18-42) 17 (12, 22) <0.001
28 10 (2-20) 26 (18-42) 16 (11, 20) <0.001
Average VAS pain 4 1(0-2) 4 (2-5) 3 (1.6, 2.7) <0.001
16 1(0-2) 4 (2-5) 2(1.4,24) <0.001
28 1(0-3) 4 (2-5) 3(1.1,2.1) <0.001
3 physical signs in 4 5.5 (5-6) 5 (5-6) 0(0,1) 0.024
JOABPEQ 16 6 (5-6) 5 (5-6) 0 (-0.59, 0.02) 0.081
28 6 (5-6) 5 (5-6) 0 (-0.55, 0.08) 0.069

IQR, interquartile range; JOABPEQ, Japanese Orthopedic Association Back Pain Evaluation Questionnaire; ODI, Os-
westry Disability Index; SvN, silver needle; SSN, stainless-steel needle; VAS, Visual Analogue Scale.

acupoint only produced local analgesia, while thermal stimula-
tion of 43°C and 46°C produced systematic and stronger anal-
gesia. Such systematic analgesia effect disappeared and the local
analgesia effect significantly weakened in TRPV1 knockout mice?®,
These findings all suggested the involvement of TRPV1 and C-fiber
in the peripheral afferent mechanism in the analgesia of thermal
stimulation.

In addition, there was another central mechanism of heat
stimulation at 43 °C in the endogenous descending modulation of
nociception. In LDD induced LBP, the mechanical impingement of
lumbosacral nerve root fibers and subsequent inflammatory medi-
ator release heightened the peripheral nociceptive activity. The fur-
ther sensitization (i.e., the secondary hyperalgesia) in the area sur-
rounding the primary injury site arose, followed by the enhanced
central nociceptive responses (i.e., the generalized hyperalgesia)
particularly within supraspinal regions3°-32. Heat stimulation at 43
°C occurred in the area involving the secondary hyperalgesia might
effectively control the pain by eliciting the descending inhibi-
tion pathway alone®. This supraspinal discriminator-mediated de-
scending system is physiologically inactive, but it can have a robust
control of pain once triggered by the sufficient C-afferent inputs>4,
Heat stimuli preferentially activate the C- nociceptors2?, and the
acupoint area may contain the denser distribution of C- fibers3>-36,
In the light of these researches, warm acupuncture at 43 °C by SyN
on responsive acupoints might gain its edge in triggering descend-
ing inhibitory modulation alone to bring about antinociception.

Our study indicated that stronger heat stimulation (above 43°C)
in warm acupuncture resulted in better effect for acute LBP, which
is more easily to achieve by using silver needle. Although silver
needle is not commonly used in modern acupuncture practice,
due to its higher cost and the need in sterilization, its better
thermal conductivity makes it superior in combining the effects
of acupuncture and moxibustion, especially in treating muscu-
loskeletal disorders. In the practice of the silver needle warm
acupuncture, the practitioners should be careful in controlling the
temperature above the heat pain threshold of 43°C but not cause
burn, as well as in sterilization to avoid infection. To make warm
acupuncture more applicable in the clinic, new types of steril-
ized needle with lower cost and similar thermal conductivity is
warranted.

Our study has some limitations. First, the number of partici-
pants recruited from each of the three clinical sites varied, which
might introduce selection bias. Second, the actual temperature
of the needle in the body were not measured due to the defect
of the measurement tool. Third, the sample size is not large
enough to do subgroup analysis. The last, we haven't evaluated
the change of other radicular symptom specific to LDD other than
pain.

In conclusion, SYN warm acupuncture produced more heat
stimulation and resulted in better clinical effects in reducing
disability and relieving pain in patients with LBP due to LDD, com-

pared with SSN warm acupuncture. The heat stimulation above
43°C in SvN warm acupuncture may contribute to the superiority.
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