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ABSTRACT
Objectives: The purpose of this study was to compare the effects of deep dry needling (DN)
with and without needle manipulation on pressure pain thresholds (PPTs) and electromyo-
graphic (EMG) amplitude of the lumbosacral multifidus (LM) in adults with low back pain (LBP).
Methods: Participants were randomized into two treatment groups: with needle manipulation
(n = 21) and without needle manipulation (n = 21). All participants received a single session of
the assigned DN intervention. PPTs and EMG amplitude of the LM muscle were collected three
times: before DN, immediately after DN, and one week after DN.
Results: The needle manipulation group had a significantly greater increase in PPT immedi-
ately after the intervention and at the one-week follow-up as compared to the no needle
manipulation group. The increase of PPT in the needle manipulation group was significant
immediately after the intervention, and the increase remained significant at the one-week
follow-up. However, there was no significant difference in EMG amplitude of the LM muscle
between groups across the three time points.
Discussion: Deep DN with needle manipulation appeared to reduce mechanical pressure
sensitivity more than DN without manipulation for patients with LBP. Although a single session
of DN could reduce pressure pain sensitivity, it may not be sufficient to improve LM muscle
function. Level of Evidence: 1b. Trial registration numbers: NCT03970486.

KEYWORDS
Acupuncture; mechanical
pain sensitivity;
electromyographic activity;
lumbar spine; needle
manipulation; orthopedics;
manual therapy; physical
therapy

Introduction

Literature has shown decreased lumbosacral multifidus
(LM) muscle function in patients with low back pain
(LBP) [1–3]. To address this deficit, specific segmental
spinal stabilization exercises were developed to facili-
tate LM muscle function for treating LBP [4,5]. Several
strategies commonly are used by orthopedic manual
physical therapists (OMPTs) to increase LMmuscle func-
tion, such as verbal cues [3,6,7], tactile feedback [3,8–10],
and recently, deep dry needling (DN) [11,12]. Two stu-
dies have shown increased muscle thickness of the LM
muscle after DN in both healthy and LBP populations as
measured by ultrasound imaging [11,12]. However,
because ultrasound imaging captures only
a 2-D image, it cannot represent muscle contraction
fully. Although a recent systematic review and meta-
analysis suggested that DN could enhance force pro-
duction in thosewith neck pain, it is unclear if the effects
would be the same for individuals with LBP [13].

Two common deep DN techniques are used by
OMPTs for treating patients with LBP: with and without
needle manipulation. DN without manipulation is simi-
lar to Chinese acupuncture in that it leaves the needle

in situ after it is inserted, but does not follow acupunc-
ture principles, such as inserting needles on acupoints
along the meridians and limiting needle insertion to
a depth of approximately 5–10 mm [14–17]. In addi-
tion, DN with manipulation specifically targets the
muscle belly and employs manipulation approaches
such as pistoning or sparrow-pecking/coning the nee-
dle by pulling it in and out within the muscle or by
redirecting it in small angles [11,12,18]. In contrast, the
needle manipulation in Chinese acupuncture only
involves rotating the needle in place and the needle
is left for 10–30 minutes after needle manipulation
[17]. The deep muscular DN technique was designed
originally to elicit local twitch responses in the muscle,
thus leading to chemical interaction (e.g. acetylcholine
depletion) at the neuromuscular junction, and there-
fore facilitating muscle training [13,15]. However,
recent evidence suggests that local twitch responses
may not be necessary for successful outcomes [19,20].
Because side effects such as increased soreness and
nausea are associated with needle manipulation
[19,20], needling techniques without manipulation
may be preferred if they demonstrate benefits similar
to those of needling with manipulation.
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Although DN with or without needle manipulation
has shown to be a useful technique to reduce pain in
patients with LBP [14,21–23], it is unclear which of
these two DN techniques would have a greater effect
on mechanical pain sensitivity and LMmuscle function,
which is considered to be an important component in
LBP rehabilitation. Therefore, the primary purpose of
the study was to compare the effects of two DN tech-
niques on pressure pain sensitivity and electromyo-
graphic (EMG) amplitude of the LM in individuals
with LBP. The secondary purpose was to compare self-
reported low back pain intensity between the two
techniques before and after DN.

Methods

Participants

This study was approved by the investigators’ affiliated
Institutional Review Board and was registered with
ClinicalTrials.gov (NCT03970486). Before data collec-
tion began, a power analysis was performed using
G*Power 3.1.3 to estimate an adequate sample size
[24]. Using a medium effect size of 0.25 and an alpha
level of 0.05, a minimum of 36 participants, 18 in each
group, was required to reach a power of 0.90.
Considering a 10% attrition, 40 participants, 20 in
each group, were planned for enrollment in the
study. Participants were recruited from the physical
therapy clinics at which two investigators were
employed, or were employees/students at the investi-
gators’ affiliated institutions.

The eligible participants were individuals who had
existing LBP in the L4-S2 levels with tenderness to
palpation at this area, and an average pain intensity
score ≥ 2/10 on the Numeric Pain Rating Scale (NPRS)
in the 24 hours prior to study enrollment. Exclusion
criteria included: bleeding disorders, use of anti-
coagulants, previous low back surgery, systemic joint
disease (e.g. rheumatoid arthritis), cancer of the lower
quadrant, neurological disorders, allergic reaction to
adhesive tape, and inability to obtain the testing posi-
tion (i.e. prone lying). Each participant was informed of
the risks and procedures of the study, and then signed
a written informed consent form.

Outcome measures

Pressure pain threshold (PPT)
A hand-held computerized pressure algometer (Medoc
ltd., Ramat Yishai, Israel) was used to determine the
PPT over the most tender point between L4-S2. The
algometer consists of a 1-cm2 round tip that was
pressed perpendicularly to the skin on the target loca-
tion (Figure 2(a)). To provoke the participant’s pain or
discomfort, pressure was increased at a rate of 40 kPa/
sec until the first perception of pain, at which time the

participant pressed the unit’s response button and the
test was terminated [25,26].

Electromyographic (EMG) amplitude
An EMG system with a wireless surface electrode
(Delsys Trigno®, Delsys Inc., Natick, MA) was used to
determine the amplitude of LMmuscle excitation. EMG
amplitude was collected at the location corresponding
to the PPT testing site. The wireless EMG electrode
contained a built-in pre-amplifier, a Butterworth filter
and two sets of parallel silver contact bars with a fixed
distance of 1 cm between the recording bars. The EMG
system’s bandwidth was set at 20 to 450 Hz with a gain
of 1,000, and the sampling rate was 2,000 Hz. The
Common Mode Rejection Ratio (CMRR) was >80 dB
for this EMG system. These EMG specifications were
selected to record sufficient surface EMG signals from
a target muscle or muscle group with minimal noise.
The surface EMG rather than needle or fine-wire EMG
was chosen because needle and fine-wire EMG has
been shown to have poor-to-fair between-day reliabil-
ity and could potentially affected the pressure pain
threshold test when the needle or fine-wire was left
in the muscle during the EMG testing [27].

Self-reported low back pain intensity
The NPRS was used to assess each participant’s self-
reported LBP intensity. The NPRS is an 11-point Likert
scale, ranging from 0 being no pain and 10 being worst
pain imaginable. Both the minimal detectable change
(MDC) and minimal clinical important difference
(MCID) of the NPRS were reported to be two points
for patients with LBP [28], and 2.4 points specifically for
chronic LBP [29].

Procedure

On the first visit, eligible participants were asked about
their demographic information and past medical his-
tory. Participants also were asked about their pain
location, duration, and intensity at present, at worst,
and at best in the past 24 hours using the NPRS. The
Modified Oswestry Disability Index (ODI) was adminis-
tered to all participants to determine their perceived
disability and functional limitations due to LBP [30,31].

Next, PPTs and EMG amplitude were collected from
the painful side of the participants. When the partici-
pants had bilateral LBP, these outcome measures were
collected from the most painful side. If both sides were
equally painful, a coin toss was performed to select the
side. During the PPT and EMG testing, participants
were asked to lie in a prone position on an examina-
tion table with their arms to their sides. A pillow was
placed under the participant’s abdomen to reduce the
lumbar lordotic curve and an inclinometer was placed
on the lumbosacral junction to ensure that the lumbar
curve was ≤10° [32].
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To prepare for EMG recording, the participant’s skin
over the LM muscles (mostly between L4-S2) was
cleaned with alcohol and, if needed, excessive hair
was shaved using a disposable razor. Adhesive tape
was used to affix a wireless EMG electrode to the skin
over the LM muscles. Following the recommendations
of the Surface ElectroMyoGraphy for the Noninvasive
Assessment of Muscles (SENIAM) project [33,34], the
electrode for the LM was placed at the level of the PPT
recording site, approximately 2–3 cm from the midline,
and was aligned with a line from the posterior superior
iliac spine (PSIS) to the interspace between the L1 and
L2 spinous process. This electrode placement was cho-
sen because an EMG electrode placed near the L5
segment has been shown to best capture LM EMG
excitation [35].

Pressure-pain threshold testing
First, participants were given a response button to stop
testing on their own, and were instructed to stop the
test as soon as the pressure became uncomfortable or
painful, and not to allow an uncomfortable or painful
sensation to continue. Four research team members
were responsible for administering the PPT testing
depending on their availability. However, the same
pair of research team members tested the same parti-
cipant throughout the study (i.e. before, immediately
after, and one week after DN). Four trials were tested
on the most tender point as described earlier, but the
first trial was counted as a practice trial. The average of
the last three trials was used for data analysis [26,36].

EMG recording
During EMG recording, participants were in the same
position as during the PPT testing, and were asked to
abduct the contralateral shoulder to approximately 90°
and flex the contralateral elbow to approximately 90°
while holding a 1.5 or 2 lb. hand weight. A participant
held a 1.5 lb. hand weight if his/her body weight was
less than 175 lbs., and held a 2 lb. hand weight if his/
her body weight was more than 175 lbs [11,37]. First,
the EMG amplitude of the LM muscle was recorded
during a contralateral arm lift, which has been shown
to best elicit LM muscle activation [37]. A verbal
instruction was given before the participant performed
each contralateral arm lift: ‘Breathe normally. Without
moving your pelvis or spine, raise your arm above the
table’ [7]. Each participant was given one practice trial
before EMG recording began, and then performed
a 5-second contralateral arm lift five times while hold-
ing the hand weight (Figure 2(a)).

Next, two trials of maximal voluntary isometric con-
traction (MVIC) of the LM muscles were obtained by
asking the participant to perform a contralateral arm
lift without holding a handweight while the investigator
applied a steady downward force on the elbow opposite
side of the tested LMmuscle (Figure 2(b)). Two 5-second

MVIC trials were recordedwith aminimumof a 1-minute
rest between the two trials. During both the contralat-
eral arm lift and MVIC tasks, if a participant demon-
strated difficulty in holding for 5 seconds, the
participant was allowed to hold for a shorter time, but
a minimum of 3 seconds was required. The highest EMG
amplitude of the two MVIC trials was used to normalize
EMG amplitude collected during a contralateral arm lift
with a hand weight.

Prior to this study, a pilot study (n = 15 healthy
asymptomatic adults) was conducted to establish the
reliability of the EMG testing protocol used in this study.
In the pilot study, intraclass correlation coefficients
(ICCs) showed good-to-excellent within-session (0.811–-
0.906) and between-day (0.831–0.906) reliability.

Interventions
The two investigators (ZC, SWP) who performed the
interventions were experienced physical therapists in
treating patients with LBP and were recognized as
certified manual therapists and Fellows of the
American Academy of Orthopaedic Manual Physical
Therapy. One investigator (ZC) had practiced DN for
10 years and the other investigator (SWP) had prac-
ticed DN for 5 years. Before data collection began, the
two investigators met and standardized the two DN
interventions so that the treating investigators were
able to administer either one of the two DN techni-
ques. In addition, the research team members (PA, SL,
TH, LS) who collected the outcome measures (EMG
amplitude, PPTs, and NPRS scores) were blinded to
the type of DN technique.

An opaque envelope containing 40 cards, 20
marked ‘A’ for the needle manipulation intervention
and 20 marked ‘B’ for no needle manipulation inter-
vention, was used to implement the randomization.
The treating therapists (ZC and SWP) were responsible
for administering the randomization after baseline out-
come measures were collected. Each participant was
randomly assigned into one of the DN interventions by
drawing a card from the envelope. If a participant did
not return for the second visit or dropped out from the
study, a card with this participant’s intervention assign-
ment was returned to the envelope.

The insertion of the needle was the same for both
techniques, following the previously reported protocol
[11,12]. Two lengths of sterile, disposable, 0.30 mm x 60
mm solid filament needle (Seirin Corp., Shizuoka, Japan)
and 0.30 mm x 100 mm solid filament needle (Shanghai
Kangnian Medical Device Co., Ltd., Shanghai, China) were
used in the study. The length of the needle for each
participant was selected based on the size of the partici-
pant. Two needles were inserted on or near the most
tender point. Two additional needles were inserted on
the opposite side at the level of the most tender point
regardless of unilateral or bilateral LBP. After piercing the
skin, the needle was directed toward the spinous process
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in a slight inferior-medial angle (approximately 20–30°).
This angle was chosen because the needle likely was
stopped by the bony lamina of the vertebra to ensure
a safe intervention and to standardize the depth of the
needle insertion.

For the needle manipulation technique, after the
needle was inserted, it was pulled slightly in and out
within the muscle and redirected in small angles for
10 seconds after insertion [11,12]. The needle was then
withdrawn immediately at the end of needle manipu-
lation. For the DN without manipulation technique, the
needles stayed (in situ) in the LM for approximately
10 minutes after the insertion [16]. Although each
treatment session mostly lasts 20–30 minutes in
Chinese acupuncture [38], a duration of 10 minutes
was allotted for the no needling manipulation inter-
vention, thus minimizing time discrepancy between
the two interventions.

Reassessment
Immediately after and approximately one-week after
the DN intervention, the three outcome measures (i.e.
EMG amplitude, PPTs and NPRS scores) were collected.
In addition, each participant was asked about any pre-
sence of common adverse symptoms, including
increased soreness, nausea, and dizziness. If bleeding
occurred, the participant was informed of the occur-
rence. All participants were asked to resume normal
daily activity, but to avoid strenuous activity or exer-
cises between the two visits.

Data analysis
Descriptive statistics were calculated for participant
characteristics and normalized EMG amplitude of all
participants. Independent t-tests were used to com-
pare the ratio data of participant characteristics as
well as the baseline (i.e. before DN) PPT, EMG, and
NPRS data between groups. Chi-square statistics were
used to analyze categorical data of participant charac-
teristics. Root-mean square (RMS) values were
extracted from each EMG trial using Delsys
EMGWorks (Delsys Inc., Natick, MA) for quantifying
LM muscle excitation. The middle three seconds of
each 5-second EMG recording during the contralateral
arm lift and MVIC tasks were used for statistical analy-
sis. The larger EMG RMS value of the two MVIC tasks
was used for normalization. Each EMG RMS value dur-
ing a contralateral arm lift was normalized to the EMG
RMS value of the MVIC using the following formula:
(EMG RMS during contralateral arm lift/EMG RMS of
MVIC) x 100.

IBM SPSS Version 25.0 (IBM Corp., Armonk, NY, USA)
was used to analyze normalized EMG data (% of MVIC)
of the LM muscle and the PPT data. Two separate 2
(group) x 3 (time) ANOVAs with repeated measures
were performed to determine differences in PPT and
normalized EMG data between groups over time,

respectively. The α level was set at 0.05 for each
ANOVA with repeated measures.

Results

Participants

Fifty-four participants were screened for eligibility and
41 participants were enrolled in the study from
April 2018 – August 2019. These 41 participants were
randomly assigned into either the needle manipula-
tion or no needle manipulation group. Figure 1 illus-
trates participant enrollment, allocation, follow-up,
and analysis. Two participants in the needling manip-
ulation group did not return for a follow-up visit. The
Little’s Missing Completely at Random analysis for the
PPT data was significant (p = 0.039), indicating that the
missing data for these two participants was not ran-
dom; therefore, imputation for missing data replace-
ment was performed to include 21 participants in the
needle manipulation group and 20 participants in the
no needle manipulation group for statistical analysis.
Table 1 lists the characteristics of participants, includ-
ing age, gender, body mass index, painful side(s), test-
ing side, onset of pain, duration of pain, NPRS scores
(current, worst, least and average), ODI scores, as well
as three baseline outcome measurements. There were
no significant differences in any of the participants’
characteristics and baseline outcome measurements
between groups, although the no needle manipulation
group had more female participants and had a longer
duration of LBP, primarily due to two participants’
history of LBP for more than 20 years. The average
NPRS score (NPRS: 3.7 ± 1.8) and the average ODI
score (20.9 ± 11.6) indicate that the participants had
mild disability due to a low-to-moderate level of LBP.
However, the long duration of LBP (average 6 years)
indicates that their LBP had become chronic. Table 2
lists means and standard deviations of PPTs, normal-
ized LM muscle EMG amplitude and NPRS scores col-
lected at 3 different time points.

Pressure pain threshold

There was a significant interaction between groups
across the 3 time points for the PPT data (p = 0.023).
Post-hoc comparisons showed that the needle manip-
ulation group had a significantly greater increase in PPT
immediately after the intervention (p = 0.025), and at
the one week follow-up (p = 0.018), as compared to the
no needle manipulation group (see Figure 3). In addi-
tion, the increase of PPT in the needle manipulation
group was significant immediately after the interven-
tion (p = 0.001), and the increase remained significant
at the one-week follow-up (p = 0.019), whereas there
was no difference in PPTs in the no needle manipula-
tion group between any two time points.
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Electromyographic amplitude of the lumbosacral
multifidus muscle

In contrast to the PPT results, there was no significant
interaction between groups across the 3 time points
(p = 0.772) for the normalized EMG data, and there was
no significantmain effect of time (p=0.299) (see Figure 3).

Numerical pain rating scale score

The results of the NPRS scores showed that there was no
significant interaction between groups across the 3 time
points (p = 0.238), but therewas a significantmain effect
of time (p < 0.001). Post-hoc comparisons showed that
all participants had significant pain reduction immedi-
ately after DN (p = 0.001) and one week after DN
(p = 0.019), although the NPRS scores remained
decreased significantly at one week, but not as much
as those immediately after DN (see Figure 3).

Adverse effects after needling

Both groups reported minor adverse effects. Among 21
participants in the needle manipulation group, 1

reported a slight dizziness immediately after DN, 4
had minor bleeding in one of the four needling sites,
and 5 reported soreness immediately after DN and all 5
reported the soreness lasted a few hours to two days.
Among 20 participants in the no needle manipulation
group, only 1 had bleeding in one of the four needling
sites, 2 reported soreness immediately after DN, and 2
reported soreness the following day.

Discussion

Although studies have shown positive effects of DN on
PPT in patients withmusculoskeletal pain [11,39,40], this
study demonstrated that DN with needle manipulation
resulted in a greater reduction in mechanical pressure
sensitivity than the in-situ (no needle manipulation)
approach. This finding is consistent with what has
been found in previous studies in healthy adults, who
had increased PPT from needling with rotation as com-
pared to those who received needling without rotation
[41,42]. Therefore, generalized pain modulation pro-
duced by needle insertion and by piercing the skin
and subcutaneous tissues cannot explain the finding
of this study [42,43]. Langvin et al. [43,44], demonstrated

Assessed for eligibility (n=54) 

Excluded (n=13) 
♦ Not meeting inclusion criteria (n=5) 
♦ Declined to participate (n= 3) 
♦  Other reasons (n=5) 

Analysed (n=21)

♦ Excluded from analysis (n=0) because missing 

data was not random (n=2) 

Lost to follow-up (n=2) 

♦ was unable to be contacted

Allocated to needling manipulation (n=21) 

♦ Received allocated intervention (n=21)

Lost to follow-up (n=0) 

Allocated to intervention no needling manipulation 
(n=20) 

♦ Received allocated intervention (n=20)

Analysed (n=20)

♦ Excluded from analysis (n=0)

Allocation

Analysis

Follow-Up 

Randomized (n=41) 

Enrollment 

Figure 1. The consort diagram for participant enrollment, allocation, follow-up and analysis.

258 S. WANG-PRICE ET AL.



changes in connective tissue architecture (e.g. thicken-
ing or forming of spiral pattern) due to needle manip-
ulation, and therefore hypothesized that the movement
of the needle could deliver a mechanical signal, thus
triggering the cellular changes in the connective tissue.
However, the mechanism by which this immediate
mechanical change produces analgesic effects is
unclear. A recent in-vivo study of rats [45] found that
the action of needle manipulation does not cause
changes in the connective tissue, and suggested that
neural tissues are responsible for needle manipulation
effects.

Increased levels of adenosine in rats and humans
also have been observed when needling with manip-
ulation [46,47]. It was hypothesized that adenosine
binds to adenosine A1 receptors on afferent nerves
that transmit nociceptive signals to the spinal cord,
and therefore reduce transmission of nociceptive
input. In addition, adenosine A1 receptor activation
can initiate inhibition of cyclic adenosine monopho-
sphate (cAMP) which has been shown to increase in
patients with chronic pain [47]. Recently, needle
manipulation was shown to induce a local cutaneous
release of nitric oxide, a vasodilator, which could affect

(a)

(b)

(c)

Figure 2. (a) Pressure pain threshold testing, (b) contralateral arm lift task while holding a hand weight, and (c) contralateral arm
lift task for maximal voluntary isometric contraction.
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regional blood flow and allow an influx of analgesic
substances, leading to pain reduction [48]. Further,
needling with a lift-thrusting technique, similar to the
needle manipulation approach used in this study, sig-
nificantly reduced subjective pain perception greater
than needling with a rotation technique [49]. Because
the lift-thrust technique induced a stronger feeling of
tenderness and numbness perceived by the partici-
pants, the stronger sensation could result in subjective
pain reduction.

The results of the study showed that the needle
manipulation group had reduced mechanical pressure
sensitivity immediately after needling with manipula-
tion, and the effect maintained one week later. Using
a similar DN approach (i.e. needling with manipula-
tion), Koppenhaver et al. [11] also found increased
PPT one week later, but not immediately after DN.
However, a study of DN in patients with neck pain
demonstrated increased PPT immediately and one
week after DN [50]. Koppenhaver et al. attributed the
delayed response of PPT to their participants’ delayed
clinical improvement in disability. Interestingly, our
PPT results were different from the self-reported NPRS
scores. Objective PPT measurements have been shown
to have weak correlation with pain perception [51,52].

Other factors, such as emotion and sympathetic
responses, could affect the NPRS score, supporting
the notion that PPT assesses only a specific point
along the nociceptive pathway [52]. Post needling
soreness and pain from needle manipulation also
could affect NPRS scores, particularly those collected
immediately after needling. Five participants from the
needle manipulation group reported increased sore-
ness after dry needling whereas only two participants
from the no needle manipulation group had immedi-
ate post-needling soreness.

Although the needle manipulation significantly
increased PPT, it did not increase muscle activity.
Increased EMG amplitude has been observed in the
upper trapezius muscle after DN therapy for
patients with neck pain [53,54]. In addition,
increased lumbar multifidus muscle thickness on
ultrasonography was observed after DN in healthy
adults [55] and patients with LBP [11]. The increased
EMG amplitude and muscle thickness are believed
to be the direct result of pain reduction. Similar to
the EMG results of our study, several studies did not
find increased EMG amplitude after DN [56,57]. The
large variance in the EMG data collected immedi-
ately after needling (Figure 3) could have resulted

Table 2. Pressure pain thresholds (PPTs), normalized electromyographic (EMG) amplitude of the lumbosacral multifidus
muscle during contralateral arm lift, and Numerical Pain Rating Scale (NPRS) scores before, immediately after, and one week
after a single session of dry needling intervention.
Variables All (n = 41) Needle Manipulation (n = 21) No Needle Manipulation (n = 20) p value (interaction)

PPT (kPa) 0.023*
Pre needling 383.4 ± 185.5 377.3 ± 170.0 389.9 ± 204.9
Immediately post 432.3 ± 186.7 460.2 ± 199.6 403.1 ± 172.3
1-week follow-up 415.0 ± 177.2 455.7 ± 176.9 372.3 ± 171.4

EMG amplitude (%MVIC) 0.772
Pre needling 53.7 ± 30.7 55.8 ± 29.0 51.4 ± 33.0
Immediately post 69.3 ± 82.1 72.3 ± 79.6 66.1 ± 86.6
1-week follow-up 55.7 ± 35.1 53.2 ± 23.9 58.4 ± 44.4

NPRS (current) 0.238
Pre needling 3.7 ± 2.0 3.5 ± 1.7 3.9 ± 2.2
Immediately post 2.0 ± 1.7 2.5 ± 1.7 1.5 ± 1.7
1-week follow-up 2.4 ± 2.1 2.4 ± 2.0 2.5 ± 2.1

MVIC: maximal voluntary isometric contraction. *p < 0.05.

Table 1. Characteristics of all participants (analyzed, n = 41), the needle manipulation group (n = 21) and the no needle
manipulation group (n = 20).

Variables All Needle Manipulation No Needle Manipulation
p value

Between Groups

Age (years) 38.9 ± 15.5 37.7 ± 14.1 40.3 ± 17.2 0.601
Gender (female) 76% 62% 90% 0.067
BMI 26.9 ± 5.7 26.2 ± 6.2 27.7 ± 5.2 0.431
Painful side (bilateral/right/left) 28/7/6 15/2/4 13/5/2 0.355
Testing side (right/left) 25/16 13/8 12/8 0.577
Onset of pain (traumatic/gradual) 9/32 6/15 3/17 0.454
Duration of pain (weeks) 324.3 ± 326.1 242.7 ± 250.3 410.0 ± 378.0 0.101
NPRS (0–10)
Current 3.7 ± 2.0 3.5 ± 1.7 3.9 ± 2.2 0.577
Worst 5.4 ± 2.1 5.5 ± 1.7 5.3 ± 2.6 0.716
Least 2.1 ± 2.2 2.0 ± 2.2 2.2 ± 2.2 0.827
Average 3.7 ± 1.8 3.7 ± 1.6 3.8 ± 2.1 0.879

ODI (%) 20.9 ± 11.6 21.0 ± 12.3 20.8 ± 11.0 0.967
Normalized EMG Amplitude (%MVIC) 53.7 ± 30.7 55.8 ± 29.0 51.4 ± 33.0 0.650
PPT (kPa) 383.4 ± 185.5 377.3 ± 170.0 389.9 ± 204.9 0.830

BMI = Body mass index, NPRS = Numerical Pain Rating Scale, ODI = Oswestry Disability Index, EMG = Electrographic, MVIC = maximal isometric voluntary
contraction, PPT = pressure pain threshold.
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in the lack of difference finding. It appears that DN
could have an inhibitory effect in some participants
and a facilitator effect in other participants. We
cannot explain the underlying physiological

mechanism for the opposite responses and only
can speculate that other factors, such as sympa-
thetic responses to DN, may have contributed to
this result [58].
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In addition, finding no significant change in EMG
amplitude one week after DN could suggest that the
degree of pain reduction or increased PPT was not
sufficient to improve muscle function. This phenom-
enon was observed a few decades ago by Hides et al.
[1], who demonstrated that recovery of the LM muscle
does not occur concomitantly with pain reduction in
patients with LBP. Considering that muscle atrophy
from fatty infiltrates [59,60] would lead to decreased
muscle contractility, particularly for the participants
with chronic LBP, a single DN session without reinforced
muscle training may not have been sufficient to obser-
vably increase muscle function in the short term.

One limitation of this study is the inability to control
participants’ activity or medication intake between the
two visits, although the participants were advised not to
engage in non-routine activities during the study period.
It was the authors’ intention that the use of randomiza-
tion would minimize this factor. Another limitation was
the use of surface EMG to study muscle contraction.
However, the between-day reliability of the EMG testing
protocol used in this study was shown to be good in the
pilot study. Nevertheless, high body mass index and/or
thick subcutaneous tissues could have affected surface
EMG recordings [61]. In addition, surface EMGmay not be
ideal for recording deeper LM muscle contraction.
Indwelling EMG, such as fine-wire or needle EMG, may
be an optimal alternative for studying deeper LM con-
traction [62], but indwelling EMG could have caused
discomfort during contralateral arm lift tasks, thus affect-
ing the PPT and NPRS results. Lastly, the cross-talk effect
from other paraspinal muscles cannot be completely
eliminated [62,63]. However, the placement of electrodes
used in this study has been shown to be optimal for
recording LM muscle excitation [34,35,64].

Conclusion

The results of the study show that DN with needle
manipulation appeared to reduce mechanical pressure
sensitivity more than DN without needle manipulation
for patients with LBP, although DN with needle manip-
ulation had a greater occurrence of post-needling
soreness and bleeding than DN without needle manip-
ulation. DN with or without needle manipulation
appears to equally reduce pain perception. Although
a single session of DN could reduce pressure sensitivity
or perception, it may not be sufficient to improve LM
muscle function. Future studies should examine the
effects of combining DN and muscle training for facil-
itating LM muscle contraction, and for functional
improvements in activities of daily living. In addition,
future studies may consider the use of indwelling EMG
for studying LM muscle contraction.
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