
from the composition of the gel, and Cr, Fe and Ni
were from the needle matrix. Additionally, some lumps
and irregularities were wiped off the needle during
needling (for example, needles S31 and S81), similar to
the results seen with the H needles.
Although figure 2 shows that the S needles also had

some defects, all 10 randomly selected needles exhibited

an identical cone shape at the tip. In stark contrast, each
of the 10 randomly selected H needles had its own
poorly formed irregular shape (except for H8).

Force and torque histories during needling
The real-time force and torque histories of selected H
and S needles during needling are shown in

Figure 4 Comparison of surface conditions before and after acupuncture manipulation for four S needles (magnification 5000×).
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supplementary figures S3 and S4, respectively. It can
be seen that the force frequency and the torque fre-
quency were synchronised in every single test for H
and S needles. Further, figure 5A demonstrates a
perfect linear relation between the torque frequency
and the force frequency with the slope being equal to
1. In the manipulation, when the longitudinal (up and
down) movement increased in frequency, the rota-
tional movement increased accordingly in a linear
relationship. This relationship is, in fact, related to the
needing technique of the acupuncturist and independ-
ent of the needle type. Figure 5B clearly shows that,
overall, H needles had significantly higher force
amplitudes than S needles at the same frequency
levels. Figure 5C shows that torque amplitudes (for
rotational movements) of the two types of needle
were scattered in a range from 45 to 120 mN, and no
clear trend could be identified.
Although there was an unusually large attachment

to needle H3, the force amplitude of this needle was
not the highest. Instead, H101, which had the biggest
cone at the tip, resulted in the largest force amplitude
but, interestingly, the smallest torque amplitude.
Needle H91 had a moderate size tip cone and a force
amplitude between those of the other two H needles.
In contrast, S needles had similar tip sizes and the

force amplitudes fluctuated randomly in a relatively
small range from 1000 to 1100 mN. Needle S6, with
one side of the tip flattened, had a relatively higher
force amplitude. Needle S31 had the smallest force
amplitude, although its tip was accidentally blunted
during the ultrasonic cleaning process.
Another phenomenon was observed regarding the

relationship between frequency and force/torque amp-
litude. For S needles, with increased frequency in lon-
gitudinal movement, the longitudinal force generally
increases. In contrast, with increased frequency in
rotational movement, the rotational torque amplitude
generally deceases. However, no clear trends were
observed in H needles, possibly due to significant var-
iations of the surface conditions of these needles.

DISCUSSION
The first disposable acupuncture needles were intro-
duced in the late 1970s.9 After more than three
decades of developments in regulatory standards and
manufacturing techniques, it would be reasonable for
acupuncturists and patients to expect high quality in
such a widely used clinical device. The findings from
this study were of concern, as acupuncture needles
from even most highly regarded manufacturers exhib-
ited significant irregularities and inconsistencies.

Figure 5 Relations between force and torque: (A) torque frequency versus force frequency; (B) force amplitude versus force
frequency; (C) torque amplitude versus torque frequency.
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Prior to the adoption of single-use disposal needles,
the most commonly reported acupuncture adverse
effects were infections, including hepatitis,18 due to
lack of rigorous sterilisation.9 For example,
acupuncture-associated hepatitis B outbreaks were
reported in UK,11 19 Jerusalem20 and USA21 between
1970 and 1990. Although there was no such report in
China,22 23 considering the fact that China had a
moderate-to-high risk of hepatitis B infection com-
pared to many Western countries,24 the real situation
might be similar in China.23 Along with the use of
single-use disposal needles, infection is no longer the
major concern with regard to acupuncture. A number
of large surveys on the safety of acupuncture were con-
ducted recently, mainly in Europe. All these surveys
reported a low risk of adverse events in acupunc-
ture.13 25–29 Although the rates of adverse events
reported by either practitioners or patients are consid-
ered low, it is worth noting that among all reported
adverse events, some local reactions such as bleeding
or haematoma/bruising were the most common
events.13 26 28 Strong needle pain was also reported in
all the above surveys.
In addition, earlier reports of skin reactions to acu-

puncture due to the presence of chromium or nickel
in the needles exist.30–32 Although the needles used in
previous studies were quite different from those used
in the present study, the EDS spectra of the H and S
needles showed that the needle surfaces contained sig-
nificant proportions of chromium and nickel (18% Cr
and 12% Ni for H needles, and 21% Cr and 10% Ni
for S needles). The small metallic pieces loosely
attached to the needle surfaces were mainly composed
of iron, chromium and nickel. As observed in
the present study, some of the metallic lumps and
pieces on the needle surfaces disappeared after the
acupuncture manipulation. If the needles had been
used on patients, these materials could have been
deposited in human tissues, which might have caused
adverse events such as dermatitis. A more recent
review of acupuncture studies published between
1987 and 1999 also revealed that contact dermatitis
in needled areas had been reported,33 indicating that
single-use disposal needles might also cause such
adverse effects.
The small metallic pieces found on the needle sur-

faces were mostly likely from the grinding and polish-
ing processes during the manufacture of the needles.
The grinding and polishing processes would also gen-
erate electrostatic forces that would attract tiny metal
filings to the needle surfaces. However, these metallic
pieces should have been removed from the needles if
adequate cleansing processes were carried out.
The commonly seen bleeding or haematoma/bruis-

ing was possibly caused by unsmooth needle tips
breaking small blood vessels during needle insertion.
Highly malformed tips were found in several H
needles. This could be the reason for the occasional

unexplained strong pain in the needling area reported
by some patients during acupuncture.9 An off-centre
(eg, H10) or an unsymmetrical (eg, H3) needle tip
may also cause the needle to alter direction during
insertion.9 If the flaws at the needle tip are eliminated
through adequate quality control of the needle manu-
facturing process, such acupuncture needling asso-
ciated adverse effects may well be reduced.
It is worth noting that the 2007 National Institutes of

Health Consensus Statement stated that ‘One of the
advantages of acupuncture is that the incidence of
adverse effects is substantially lower than that of many
drugs or other accepted procedures of the same condi-
tions’.29 However, fear of needling pain is a major issue
preventing people from seeking acupuncture treat-
ment.34 35 If this fear can be reduced by improving the
quality of the needle tip, acupuncture treatment may be
accepted more widely in clinical practice.
While it was observed that the force amplitudes of

H needles during the needling process were generally
higher than those of S needles, no clear correlation
was found between the surface roughness/imperfec-
tion of individual needles and the corresponding
force/torque amplitudes. Further research is needed in
order to determine the relationship between the
needle surface conditions and the force/torque magni-
tudes of acupuncture manipulation.

CONCLUSIONS
This research performed a systematic study of surface
conditions of acupuncture needles from two of the
most popular brands widely used in many countries.
Based upon the results, the following conclusions can
be drawn:
1. Acupuncture needle manufacturers, including the well

established ones, should review and improve their
quality control procedures for fabrication of needles. In
particular, needle tips should be properly formed, shar-
pened and cleansed.

2. Significant surface irregularities and inconsistencies at
needle tips, especially with the H needles, were found.
These defects might cause adverse effects in needled
areas, such as bleeding, haematoma/bruising, strong pain
or dermatitis.

3. These findings highlight the need to improve the quality
control of acupuncture needles, with a view to further
enhancing the safety and comfort of acupuncture users.

Summary points

▸ We examined widely used acupuncture needles with
electron microscopy.

▸ Several had surface irregularities or distorted points.
▸ These quality issues could produce allergic or painful

reactions.
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