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Abstract

Background: Dry needling is frequently used for the treatment of neck pain but knowledge about its
neurophysiological central effects is scarce.

Objectives: To compare the immediate effects of a single session of dry needling (DN) and sham needling
(SN) on local and distant pressure pain thresholds and conditioned pain modulation in patients with
chronic idiopathic neck pain.

Method: Participants with chronic idiopathic neck pain were randomly allocated to a DN or SN group.
The primary outcome measure was the pressure pain threshold (PPT) at one peripheral location:
guadriceps muscle (Q). Secondary outcome measures were local PPTs at the treated (most painful) (tUT)
and non-treated upper trapezius muscle (ntUT), absolute and relative conditioned pain modulation
(CPM) effects and pain during hot water immersion. Patients were assessed at baseline and immediately
post intervention. Linear mixed models were used to examine interaction effects as well as between-
and within-group differences.

Results: Fifty-four participants were included for statistical analysis. Linear mixed model analyses
showed no significant “group X time” interaction effects for any of the outcome measures. The relative
CPM effect at the Q was significantly higher post-intervention, compared to baseline within the DN
group (mean difference= 13.52%; 95% Cl: 0.46, 26.59).

Conclusion: The present study shows no superior effect of DN, compared to SN, in the immediate effect
on local and distant PPTs and CPM in patients with chronic idiopathic neck pain.

Keywords: chronic neck pain, dry needling, pain modulation, pain sensitivity.

Highlights

e |t is hypothesized that dry needling improves pain sensitivity and pain modulation

e There was no difference on pain sensitivity or pain modulation between dry needling and
sham needling

o Dry needling shows better antinociceptive pain modulation after treatment
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Introduction

Over the last few years, the number of studies suggesting myofascial pain syndrome (MPS) as one of
the possible underlying causes of chronic idiopathic neck pain (CINP) has increased.’® CINP can be
associated with (referred) muscle pain caused by active or latent myofascial trigger points (MTrPs).>The
prolonged presence of MTrPs may lead to altered peripheral and central pain processing, also referred
to as peripheral and central sensitization (CS).6® Peripheral primary sensory neurons and pain-
processing neurons in the spinal cord and brain become more sensitive due to neuronal plasticity caused
by continuous nociceptive afferent information coming from the MTrP to spinal cord neurons and supra-
spinal structures of the central nervous system.® Nevertheless, the presence and clinical importance of
CS in CINP is still under discussion.®*3

Although there is no gold standard to diagnose CS, multiple screening and diagnostic tools have already
been established.® A screening questionnaire that identifies self-reported signs of CS is the Central
Sensitization Inventory (CSI).** Another option is the use of Quantitative Sensory Testing (QST).*® This
testing includes, amongst others, the determination of local and distant pain sensititivy or hyperalgesia
as assessed by pressure pain thresholds (PPTs) and endogenous pain inhibition efficiency as assessed by
conditioned pain modulation (CPM) paradigms.’® 7 Changes in central nociceptive processing may
explain persistent and recurrent symptoms in CINP and failure of treatments to obtain long-lasting
relief.11-13

A common intervention for treatment of MTrPs is dry needling (DN). Although several local and
mechanical effects have already been established, more research is needed on the unclear underlying
central neurophysiological effects of DN. Preliminary experimental evidence shows that the application
of DN may be able to reduce the excitability of the central nervous system in patients with chronic
pain.’® 1 Niddam et al. found in an MRI study that pain mediation after DN happens through the
periagueductal gray substance in the brainstem, possibly indicating that DN may activate
enkephalinergic inhibitory dorsal horn interneurons.’® Stieven et al.?° found that a single application of
DN in CINP resulted in higher local and distant PPTs, compared to sham needling (SN).2° However, only

a paucity of trials about the effect of DN on PPTs and CPM have been performed to date.'2!

Consequently, the aim of this randomized controlled trial was to compare the immediate effects of a
single DN or SN session on distant and local PPTS and CPM in patients with CINP. It was hypothesized
that DN would have immediate positive effects resulting in higher distant and local PPTs (reflecting a

decrease in pain sensitivity) and higher CPM (reflecting more efficient pain inhibition).
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Methods

Protocol and registration
This study design was approved by the Ethics and Research Committee of Ghent University (project

number EC2019/0980) and prospectively registered at Clinicaltrials.gov (registration number:
NCT04725825). This trial was reported according to the recommendations of the Consolidated
Standards of Reporting Trials (CONSORT) statement.?% 23

Study Population
Between February 2021 and July 2021, patients with CINP were recruited for this study. Patients were

recruited by flyers at the waiting rooms for physical medicine and rehabilitation of the Ghent University
Hospital and on social media. Before participating, patients were asked to complete an online
guestionnaire concerning their current neck complaints and general health. After completing the online
guestionnaire, all participants were selected based on inclusion and exclusion criteria as stated in Table
1. All eligible individuals provided informed consent and were informed about the study procedures

before the trial started.

Table 1: Inclusion and exclusion criteria.
Inclusion criteria Exclusion criteria

Age between 18 and 65 years old Patients with a specific cause of their neck pain (such as cervical
radiculopathy and/or myelopathy, severe osteoarthritis, fractures)

Chronic neck pain, present for more than = Major depression or any other psychiatric condition

three months

An average NPRS of three or more during = Life-threatening metabolic diseases (such as diabetes mellitus and

the past month any symptoms of restless legs, etc.),

Presence of a clinically relevant trigger Transmittable diseases (such as Hepatitis, HIV, etc.)

point in the upper trapezius muscle using Cardiovascular, neurological, and systemic diseases

the following criteria: “(A) a palpable taut = Pregnancy or given birth in the past year

band of skeletal muscle, (B) exquisite

(unusual) local muscle tenderness in the = Fear of needles and/or presence of other conditions that preclude

taut band, (C) patient pain recognition and | dry needling

(D) patient pain referral”. %/ Clotting disorders, use of blood thinning medication

A history of head, neck, or shoulder surgery
Fibromyalgia or chronic fatigue syndrome

BMI > 30 kg/m?
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Whiplash within the past 10 years, current neck pain associated to
this whiplash and/or whiplash associated disorder

Inability to read or understand Dutch

Being in treatment for neck pain during the study

Skin abnormalities at the treatment region

BMI, body mass index; NPRS, numeric pain rating scale

Randomization procedure and blinding
All procedures were performed at the Department of Rehabilitation Sciences, Ghent University.

Participants were randomly allocated to one of the 2 study groups (DN or SN) by an independent

researcher, using an internet-based randomization website (www.randomizer.org) with an allocation

ratio of 1:1. Allocation concealment was guaranteed by using sealed opaque envelopes. All participants
were informed that they would be randomly assigned to one of the two study groups and were blinded
for treatment allocation. All outcome measures were assessed at baseline and immediately post-

intervention by assessors blinded to treatment allocation.

Sample size determination and pilot
Atotal sample size of at least 36 subjects had to be recruited based on an a priori sample size calculation

(G*Power 3.1.9.2). This calculation was determined for the primary outcome measure “PPT Quadriceps”
and was based on pilot data, which showed an effect size of 0.28 for the difference between a DN group
(n=9) and a SN group (n=9) post intervention. The a priori sample size calculation was performed for the
within-between interaction in a repeated-measures analysis of variance with two groups and two
measurements, a minimum power of 0.90, an effect size of 0.28, and an a level of 0.05.

The PPT data from this pilot study were pooled with the data from the present study, which resulted in

a total sample size of 54 participants for the PPT data and 36 participants for CPM data.

Interventions
Both groups received one single needling intervention at the upper trapezius (UT) of the (most) painful

side, there was no follow-up treatment. All interventions were performed by one of the three trained
physical therapists with at least 4 years of experience in the treatment of MPS and manual therapy. All
therapists performed both interventions. Prior to the intervention, therapists provided the same
standardized information to all participants about MTrPs, the intervention and possible post-
intervention effects. The interventions were performed with a solid filiform needle (0.30x0.40 mm C-
Type acupuncture needle). Participants were placed in a prone position with their arms comfortably

supported in 90° shoulder abduction.
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Dry needling
The DN was applied unilaterally at the (most) painful UT. First, the skin was cleaned with alcohol and a

relevant MTrP was identified. Second, the skin was pierced subcutaneously at the MTrP location,
followed by piercing into the muscle tissue in a poster-anterior direction (from therapist’s thumb to
index), while the muscle belly was held in a pincer palpation. The “fast in, fast out” method was used,
for this technique the needle was quickly moved up- and downwards into the muscle fibers of the taut
band with the aim of provoking local twitch responses (LTRs) until extinction. In case no LTRs were
elicited, the needle was moved up and downwards for 10 times in 3 slightly different directions and was

then withdrawn from the muscle.

Sham needling
The same procedure as for the DN group was implemented to replicate an authentic clinical experience

and maintain credibility and participants’ blinding.?* The needle was inserted into the subcutaneous
layer and went up and down 10 times on the MTrP location without penetrating the deep muscle fascia
while the therapist pretended to change the direction of the needle 3 times. Because the needle did not
penetrate the muscle fascia, no LTRs were provoked.?¥ 2>27 Contextual clues associated with DN such as
skin’s cleaning, needle insertion, and manipulation (simulation in sham needling), and haemostatic

compression after procedure were identical in both interventions.?

Outcome measures
The outcome measurements were performed by three independent assessors who were blinded to

treatment allocation. Baseline and post-intervention measurements for each participant were always
performed by the same assessor. During the testing, the patient was placed in a seated position with a
neutral spine and the feet flat on the ground. First, each patient was asked to score their NP at that
moment on a numeric pain rating scale (NPRS). Second, PPTs were measured on both UT muscles
(treated and non-treated side) and quadriceps muscle for the treated side. The sequence of PPT muscle
testing was randomly selected via the online tool Randomizer (www.randomizer.org). Third, for the
CPM protocol, the function of the descending pain inhibitory pathways was evaluated by examining the
effect of a conditioning stimulus of the non-dominant hand (hot water immersion) on the PPTs.
Additionally, pain intensity caused by the hot water immersion was assessed on a NPRS. After
implementation of the intervention (DN or SN of the (most) painful UT), the same testing protocol was

repeated.
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Primary outcome measures:

Distant PPTs — Quadriceps (distant pain sensitivity/ hyperalgesia) —Fig. 2A.
PPTs were measured at a standardized location with a hand-held pressure algometer (Wagner FPX 25

Force Gage). The quadriceps muscle on the painful side was assessed at the middle of the distance
between the anterior superior iliac spine and the base of the patella.?® 2° The probe (1cm?) was placed
perpendicular to the test surface. The pressure was expressed in Newton (N) and the average was taken
of two measurements with a 30-second interval between each application. Pressure was increased by
1N/s until the participant reported this feeling as unpleasant.® Digital algometry performed at the Q

muscle is shown to have a good intrarater reliability (intraclass correlation, 0.74-0.85).%

Secondary outcome measures

Local PPTs — treated and non-treated upper trapezius (local pain sensitivity/ hyperalgesia) — Fig. 2B.
PPTs were measured at the treated (tUT) and non-treated upper trapezius (ntUT). The reported treated

side was the most painful side indicated by the patient. The average of two measurements at the middle
between the processus spinous of C7 and the centre of the acromion was calculated. ® Digital algometry
is shown to have sufficient intrarater reliability in measuring the PPT on the trigger point of the UT
muscle in patients with CINP.3! The interrater reliability of PPT measurements has shown to be
excellent.32 In a study of Walton et al., PPT at the UT showed a significant ability to detect global change
(AUC=0.76), using minimal clinically important difference (MCID) change scores within a clinically
reasonable range (between approximately 5 and 22 N/cm?).2* Minimal detectable change (MDC) values
at the UT site ranged between approximately 4.45 and 11.12 N/cm?; intrarater reliability was almost

perfect (ICC = 0.94-0.97).3

Conditioned pain modulation (Efficacy of pain inhibition) —Fig. 2C.
The conditioning stimulus in this study was a 1-minute hot water immersion (45.5°C) of the non-

dominant hand (up to the most distal point of the ulnar styloid process) in a VersaCool Circulating Bath
(Thermo Fisher Scientific).>> 3¢ PPTs were used as test stimulus, which are shown to be a valid tool to
measure CPM.%” For analysis of CPM efficacy, absolute CPM effects were calculated: the mean PPT
measured before the hot water immersion was subtracted from the mean PPT after hot water
immersion (PPT post - PPT pre). Hence, a lower CPM value reflects a less efficient endogenous pain
inhibition, whereas a higher CPM value reflects a more efficient endogenous pain inhibition.
Additionally, the relative CPM effect (CPM efficacy expressed in percent change) was calculated: ((PPT
post — PPT pre)/PPT pre) * 100. This resulted in either a pronociceptive value (CPM value less than or

equal to zero, indicating a less efficient endogenous pain inhibition: no CPM effect) or antinociceptive
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value (CPM value more than zero, indicating a more efficient endogenous pain inhibition: CPM effect).

No information about MCID has been found.

NPRS during hot water immersion (heat hyperalgesia)
After placing the hand in the VersaCool for one minute, the patient was asked to score the pain caused

by the hot water on an 11-point NPRS. The MDC and MCID are 2.1 and 1.3 points, respectively, in

patients with mechanical neck pain.3®

Statistical analysis
Data analysis was performed based on an intention-to-treat principle with IBM SPSS Statistics version

27.0 (IBM, Armonk, NY, USA) for all outcome measures. Data normality was assessed by means of the
Shapiro-Wilk test, histograms and Q-Q plots. Boxplots were used as quality control to find any outliers
and extreme values. Patients’ characteristics, baseline and post-intervention values between groups,
were evaluated with the independent T-test, the Mann-Whitney U test (for the non-normally distributed
data), and the Chi Square test (for categorical variables sex and affected side). Means and standard
deviations were calculated for all demographic data. Linear mixed model analyses were used to
determine the differences of all outcomes between and within the intervention groups over time for
the PPTs, as well as for the absolute and relative CPM effects at the tUT, ntUT, and Q, and for heat
hyperalgesia. Participant number was used as random intercept and residuals were checked for
normality. Fixed factors were ‘intervention’ (DN and SN group), ‘time’ (baseline and post-intervention)
and ‘intervention x time’. Sex was included as covariate in the linear mixed model analyses. All PPT
analyses were performed on the entire group (DN; N=26 and SN;N=28). CPM data were only available

from a subgroup (DN; N=17 and SN; N=19). Statistical significance was accepted at the 0.05 a-level.

Results

Participants
Fifty-four patients with CINP were randomly allocated to the DN group (n=26) or the SN group (n=28)

(Figure 1). Demographic features of both groups are presented in Table 2. Patients’ characteristics
between groups (except for sex) and outcome measures were comparable at baseline (Tables 1 and 2).
The mean NDI and CSl-scores in both groups were considered to represent mild disability levels and
presence of mild features of CS. The mean CSl-score did not reach the clinically relevant cutoff value of

40/100, although some participants reached higher CSl-scores on an individual level.*
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[ Enrollment ]

Assessed for eligibility (n=151)

Excluded (n=97)
- NPRS<3 (n=14)
Structural pathology: Discus hernia (n=10)
BMI > 30 (n=9)
Depression (n=4)
WAD (n=14)
Pain < 3 months (n=1)

Randomized
(n=54)

Trauma, shoulder pathology, systematic/neurological/
infection diseases, pregnancy (n=21)

Treatment with DN <3 months ago (n=3)

Fibromyalgia (n=1)

Declined to participate (n=20)

\ 4

l

Allocation

Allocated to dry needling group (n=26)

l

Allocated to sham needling group (n=28)

[ Follow-Up

) |

Lost to follow-up (n=0)

A 4

Lost to follow-up (n=0)

[ Analysis

] ‘,

Analysed PPT measurements (n=26)

Analysed CPM measurements (n=17)

Figure 1: CONSORT Flow Diagram

Analysed PPT measurements (n=28)

Analysed CPM measurements (n=19)




230 Table 2. Patients’ characteristics of the DN and SN Group.

Demographics Dry needling (n=26) Sham needling (n=28)
Age, year 33+135 32+11.8
Sex, n (%)

Male 2(7.7%) 6(21.4%)

Female 24 (92.3%) 22 (78.6%)
Height, cm 170+6.3 169+ 10.9
Weight, kg 65.6+9.4 66.6+12.3
BMI, kg/m? 22.3+2.7 23.1+£25
NDI (0-50) 11.2+5.1 10.1+4.0
CSI (0-100) 33.6+14.6 33.9+10.8
Duration, months (n=23) (n=25)

89.83+75.9 64.8 +44.4

Treated (most painful) side

Right 17 (65.4%) 14 (50%)
Left 9 (34.6%) 14 (50%)
NPRS treated UT, range 0-10 48+1.6 41+1.8

Values are expressed as means * standard deviation for continuous variables and absolute frequency (%) for categorical
variables. Abbreviations: n, number of participants; BMI, body mass index; NDI, Neck Disability Index; CSl, Central

Sensitization Inventory; NPRS, Numeric Pain Rating Scale; UT, upper trapezius muscle.
231

232 Primary and secondary outcome measures
233 Data for all outcome measures are provided in Table 3.

234 Pressure Pain Thresholds
235  The linear mixed-models revealed no significant “group x time” interaction effect for PPTs at the tUT,

236 ntUT, or Q. No post hoc pairwise comparisons for between-group or within group-comparisons showed
237  any significant results. No difference in PPTs between DN and SN groups was found for tUT (mean
238 difference [MD]=-1.38; 95% Cl: -8.13, 5.37); ntUT (MD= -2.15; 95% Cl:-9.52, 5.23); and Q (MD= -0.13;
239  95% Cl:-9.78 , 9.52). Between-group differences in mean changes from baseline to post-intervention

240  were smaller than the reported MDC and MCID.

241  Absolute CPM effect
242 The linear mixed-models revealed no significant “group x time” interaction effects for tUT, ntUT, or Q.,

243 No post hoc pairwise comparisons for between-group or within group-comparison show any significant
244  results. No difference in absolute CPM effect between DN and SN groups was found for tUT (MD= -0.96;
245 95% Cl: -3.22, 1.30); ntUT (MD=-0.38; 95% Cl:-4.08, 3.33); and Q (MD= 3.44; 95% Cl: -0.51, 7.40).

10
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Relative CPM effect
No significant “group x time” interaction effect for tUT, ntUT, or Q was found. There were no significant

results for the between-group or within group-comparison at the tUT and ntUT. The within group
difference in the DN group for the Q indicated that the CPM efficiency was significantly higher post-
intervention compared to baseline (MD= 13.52%; 95% Cl: 0.46, 26.59). In the SN group, no significant

differences were found. No between-group mean differences were found for the tUT, ntUT, and Q.

NPRS during hot water immersion
No significant “group x time” interaction effect for NPRS water temperature were found, reflecting the

absence of heat hyperalgesia. The post hoc pairwise comparisons for between-group or within group-
comparison also showed no significant results. Between-group differences in mean changes from

baseline to post-intervention were smaller than the reported MDC and MCID.

Adverse events

During the trial, no adverse events were registered.

11



261 Table 3: Descriptive statistics and within-group change scores (post-pre intervention) for pressure pain

262 thresholds and conditioned pain modulation.

Outcome Dry Needling Sham Needling Between-group difference

PPT tUT (N/cm?)

Baseline 18.52 +£10.59 19.79 + 12.54

Post-intervention 19.55+12.40 20.93 £ 13.65

Within-group difference 1.03 (-1.06, 3.12) 1.15 (-0.87, 3.16) 0.12(-2.78, 3.02)
PPT ntUT (N/cm?)

Baseline 19.05 + 10.53 22.90+17.24

Post-intervention 19.62 £+ 10.59 21.77 £14.18

Within-group difference

PPT Q.(N/cm?)

Baseline

Post-intervention
Within-group difference
Absolute CPM effect tUT (N/cm?)

Baseline

Post-intervention
Within-group difference
Absolute CPM effect ntUT (N/cm?)

Baseline

Post-intervention
Within-group difference
Absolute CPM effect Q (N/cm?)

Baseline

Post-intervention
Within-group difference
Relative CPM effect tUT (%)

Baseline

Post-intervention
Within-group difference
Relative CPM effect ntUT (%)

Baseline

Post-intervention
Within-group difference
Relative CPM effect Q (%)

Baseline

0.58 (-1.78, 2.94)

29.25 + 15.77
30.08 + 15.94
0.83 (-1.89, 3.54)

1.72 +3.19
-0.35+3.22
-2.08 (-4.40, 0.25)

1.38£4.02
1.83+4.44
0.44 (-3.36, 4.25)

-0.56 £4.88
3.34+5.72
3.90(-0.19, 7.98)

8.74+£1491
3.68 + 25.57
-5.07 (-19.26, 9.12)

4.17 £ 14.68
6.34 £ 20.16

2.17 (-11.03, 15.37)

-2.95+16.87

-1.13(-3.40, 1.15)

32.80+19.18
30.21+19.24
-2.59 (-5.21, 0.03)

1.31+3.64
0.61+3.47
-0.70 (-2.90, 1.49)

-0.33+6.77
2.20+£6.27
2.53(-1.07, 6.13)

-0.05+7.66
-0.10+4.92
-0.05(-3.91, 3.81)

5.06 £ 24.32
4.40+16.02

-0.66 (-14.08, 12.77)

3.50+22.87
7.24+17.67
3.74 (-8.74, 16.22)

-1.52 +24.93

-1.70 (-4.98, 1.58)

-3.42 (-7.19, 0.36)

1.37 (-1.82, 4.57)

2.09(-3.15, 7.33)

-3.95 (-9.54, 1.64)

4.41 (-15.14, 23.96)

1.57 (-16.49, 19,63)

12




Post-intervention 10.58 £17.94 0.29+14.67
Within-group difference 13.52* (0.39, 26.66) 1.81(-10.62, 14.23) -11.72 (29.70, 6.26)

NPRS water temperature

Baseline 5.65+2.19 437+2.73
Post-intervention 4.97 £ 2.06 3.74+2.73
Within-group difference -0.68 (-1.54, 0.18) -0.63 (-1.45, 0.18) 0.045 (-1.14, 1.23)

Data are expressed as mean * standard deviation and mean difference (95% confidence interval).

Within-group difference (Baseline — post-intervention)

*= statistically significant.

Abbreviations: Cl, confidence interval; CPM, conditioned pain modulation; DN, dry needling; NPRS, numeric pain rating scale;
ntUT, non-treated upper trapezius muscle; PPT, pressure pain threshold; Q, Quadriceps muscle; SN, sham needling; tU,

treated (most painful) upper trapezius muscle.

263

264 Discussion
265 No significant differences between DN and SN were found for PPTs at the local and remote locations

266  and change in PPT values did not exceed the SE, MDC, or MCID, as identified by Walton et al.>* 34 Walton
267 et al. stated that local PPTs appears to be a useful tool for measuring change over time, but remote
268 (measured at the tibialis anterior muscle in their study) PPT is not useful for this purpose.®* Our result
269 contradicts the findings of Stieven et al., who found that a single session of DN or manual release, but
270 not SN, resulted in an increase in PPTs at the UT bilaterally and at the ipsilateral and contralateral
271 proximal head of the radius in patients with CINP.2° Pecos-Martin et al. also reported a significant
272 increase in PPT over the lower trapezius after one DN session performed in an active MTrP, immediately
273  and up to at least one month after the treatment session, compared to DN on another location of the
274  same muscle (but not a MTrP).3® Mejuto-Véazquez et al. found superior effects of DN, compared to no
275  treatment on local (C5-C6 zygapophyseal joint) and remote (second metacarpal and tibialis anterior
276 muscle ) PPTs in patients with acute neck pain 10 minutes and one week after intervention.*® However,
277 because no control group was included, placebo effects cannot be ruled out. Although our results show
278  ageneral increase in PPTs for all DN locations, in contrast to the SN group where only a local increase
279  was seen at the treated location, the results were statistically non-significant. A possible explanation is
280  that DN is often accompanied by local post needling soreness, lasting up to 48 hours.** %2 This soreness
281 is the result of a direct local hyperalgesia response at the treated area and thus can mask effects

282  immediately after intervention.** %

283  This study found no differences in absolute CPM effects within or between groups. To our knowledge,
284  there are no other studies evaluating CPM effect after DN in patients with neck pain, which makes

285  comparing results difficult. One study evaluated the CPM effect of DN in patients with knee

13
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osteoarthritis and found no larger effect of DN on central pain processing, compared to SN, immediately
and 3 days postintervention.?! Nevertheless, it may be hypothesized that eliciting LTRs during DN, which
is mostly experienced as ‘painful’, may be considered an extra painful conditioning stimulus, which may
have influenced the CPM protocol. In this case, the LTR might blur the CPM response, as this acts as a
third pain stimulus besides the test and conditioning stimulus.* This contrasts with SN, which may not
have influenced the testing protocol in a similar way since no LTRs were elicited and less pain was

present.

When considering the relative CPM effects; there was a significant increase in the percentage of change
at the Q location in the DN group, indicating a possible amelioration of the antinociceptive pain
modulation. This may be caused by activation of descending inhibitory pain mechanisms.> 8 This is in

line with the generalized, however not significant, increase in PPTs after DN.

The sample in this study included patients with CINP with mild disability and mild features of CS.
Generelizability of the results to other patient groups (eg. whiplash, patients with cervical radiculopathy
or generalized musculoskeletal complaints) is not applicable because previous research has shown that

QST-features differ in these patient groups.® 4

Considering the complexity of blinding in physical intervention research, two Delphi studies have been
performed to evaluate the most important elements of shams for DN research.*® Experts placed high
importance on the entire intervention experience for active and sham protocols. Sham credibility may
be maintained using cognitive strategies, potentially relinquishing the need for indistinguishable shams

that have proved problematic to design.*

Strengths
This study is to our knowledge one of the first studies investigating pain modulatory effects of DN. The

combination of evaluating PPT measurements and both absolute and relative CPM effects on local and
remote locations is an added value to the insights on central neurophysiological effects of DN. The
intervention was performed by three experienced DN therapists, who actively searched for trigger
points instead of needling a predetermined point. All outcome assessors were blinded for the
intervention. Therapists were trained to give identical verbal and non-verbal communication to both

groups to maximize blinding of the participants.

Limitations
First, only one measurement was performed, making it impossible to evaluate and discuss the long-term

effects and the possible influence of muscle soreness on the results immediately post-intervention.
Second, patients who experienced DN in the past were not excluded. Although participants were not

aware of the group allocation and were blinded to their treatment, expectations and previous
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experience with DN may have influenced the results. Nevertheless, in a recent study, evaluating the
effects of previous experience with DN therapy on blinding effectiveness and pain outcomes in people
with neck pain, participants with previous experience were 22% more accurate at identifying their group
allocation than those without experience, but the difference was not significant. Previous experience
did not influence most clinical outcomes, except for pain intensity after real DN, although the difference
was not clinically relevant.>® Lastly, SN may have provoked neurophysiological effects as well, resulting
in the comparison of two interventional groups instead of comparing an intervention to a control
group.>¥>2 The insertion of a needle in the skin is interpreted as a noxious stimulus that can result in the
activation of central inhibitory mechanisms and cause the excitation of A6 and AB nerve fibers, which
automatically provokes an analgesic effect.>®>* Nevertheless, there are no high-quality alternatives that

may counter this possible effect.

Implications for clinical practice & future research
Future trials are needed to examine the effects of DN on central pain processing, after recovering from

the associated post needling soreness. A follow-up period of more than 48 hours post-intervention
should therefore be indicated. Because there is no widely accepted sham protocol for DN research,
researchers should incorporate cognitive influences that extend beyond mimicking of tactile sensations
to create a believable simulation of active dry needling. Assessment of blinding, using a blinding index

might provide more robustness to the results.?*

Conclusion
Based on the results of this study, we cannot conclude that DN has better effects on pain sensitivity and

central pain modulation immediately post-intervention, compared to SN. Future trials are needed to

examine the effects after post-needling soreness is resolved.
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Fig. 2. A: Measurement of pressure
pain threshold on the quadriceps

muscle.

348

Fig. 2. B: Measurement of pressure
pain threshold on the upper trapezius

muscle

\mm

Fig. 2. C: Measurement of
conditioned pain modulation

with hand in hot water bath

16



349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391

References

1. Cerezo-Téllez E, Torres-Lacomba M, Mayoral-Del Moral O, Sanchez-Sanchez B,
Dommerholt J, Gutiérrez-Ortega C. Prevalence of Myofascial Pain Syndrome in Chronic Non-
Specific Neck Pain: A Population-Based Cross-Sectional Descriptive Study. Pain Med.
2016;17(12):2369-77.

2. Fernandez-de-las-Pefias C, Alonso-Blanco C, Miangolarra JC. Myofascial trigger points
in subjects presenting with mechanical neck pain: a blinded, controlled study. Man Ther.
2007;12(1):29-33.

3. Fernandez-de-Las-Pefias C, Cuadrado ML, Pareja JA. Myofascial trigger points, neck
mobility, and forward head posture in episodic tension-type headache. Headache.
2007;47(5):662-72.

4. Ribeiro DC, Belgrave A, Naden A, Fang H, Matthews P, Parshottam S. The prevalence of
myofascial trigger points in neck and shoulder-related disorders: a systematic review of the
literature. BMC Musculoskelet Disord. 2018;19(1):252.

5. Cagnie B, Dewitte V, Barbe T, Timmermans F, Delrue N, Meeus M. Physiologic effects
of dry needling. Curr Pain Headache Rep. 2013;17(8):348.

6. JiRR, Nackley A, Huh Y, Terrando N, Maixner W. Neuroinflammation and Central
Sensitization in Chronic and Widespread Pain. Anesthesiology. 2018;129(2):343-66.

7. Fernandez-de-las-Pefias C, Dommerholt J. Myofascial trigger points: peripheral or
central phenomenon? Curr Rheumatol Rep. 2014;16(1):395.

8. Coronado RA, George SZ. The Central Sensitization Inventory and Pain Sensitivity

Questionnaire: An exploration of construct validity and associations with widespread pain
sensitivity among individuals with shoulder pain. Musculoskelet Sci Pract. 2018;36:61-7.

9. Coppieters |, De Pauw R, Kregel J, Malfliet A, Goubert D, Lenoir D, et al. Differences
Between Women With Traumatic and Idiopathic Chronic Neck Pain and Women Without
Neck Pain: Interrelationships Among Disability, Cognitive Deficits, and Central Sensitization.
Phys Ther. 2017;97(3):338-53.

10. Malfliet A, Kregel J, Cagnie B, Kuipers M, Dolphens M, Roussel N, et al. Lack of
evidence for central sensitization in idiopathic, non-traumatic neck pain: a systematic review.
Pain Physician. 2015;18(3):223-36.

11. Zabala Mata J, Lascurain-Aguirrebefia |, Dominguez Lopez E, Azkue JJ. Enhanced
Pronociceptive and Disrupted Antinociceptive Mechanisms in Nonspecific Chronic Neck Pain.
Phys Ther. 2021;101(3).

12. Kennedy DL, Kemp HI, Ridout D, Yarnitsky D, Rice ASC. Reliability of conditioned pain
modulation: a systematic review. Pain. 2016;157(11):2410-9.

13. den Boer C, Dries L, Terluin B, van der Wouden JC, Blankenstein AH, van Wilgen CP, et
al. Central sensitization in chronic pain and medically unexplained symptom research: A
systematic review of definitions, operationalizations and measurement instruments. J
Psychosom Res. 2019;117:32-40.

14. Neblett R, Cohen H, Choi Y, Hartzell MM, Williams M, Mayer TG, et al. The Central
Sensitization Inventory (CSI): establishing clinically significant values for identifying central
sensitivity syndromes in an outpatient chronic pain sample. J Pain. 2013;14(5):438-45.

15. Arendt-Nielsen L, Yarnitsky D. Experimental and clinical applications of quantitative
sensory testing applied to skin, muscles and viscera. J Pain. 2009;10(6):556-72.

17



392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438

16. Yarnitsky D, Bouhassira D, Drewes A, Fillingim R, Granot M, Hansson P, et al.
Recommendations on practice of conditioned pain modulation (CPM) testing. European
journal of pain. 2015;19(6):805-6.

17. Yarnitsky D, Granot M, Granovsky Y. Pain modulation profile and pain therapy:
between pro-and antinociception. Pain. 2014;155(4):663-5.

18. Niddam DM, Chan R-C, Lee S-H, Yeh T-C, Hsieh J-C. Central modulation of pain evoked
from myofascial trigger point. The Clinical journal of pain. 2007;23(5):440-8.

19. Fernandez-de-Las-Pefias C, Nijs J. Trigger point dry needling for the treatment of
myofascial pain syndrome: current perspectives within a pain neuroscience paradigm. J Pain
Res. 2019;12:1899-911.

20. Stieven FF, Ferreira GE, de Araujo FX, Angellos RF, Silva MF, da Rosa LHT. Immediate
Effects of Dry Needling and Myofascial Release on Local and Widespread Pressure Pain
Threshold in Individuals With Active Upper Trapezius Trigger Points: A Randomized Clinical
Trial. J Manipulative Physiol Ther. 2021;44(2):95-102.

21. Vervullens S, Meert L, Baert |, Delrue N, Heusdens CH, Hallemans A, et al. The effect of
one dry needling session on pain, central pain processing, muscle co-contraction and gait
characteristics in patients with knee osteoarthritis: a randomized controlled trial.
Scandinavian Journal of Pain. 2021.

22. Altman DG, Schulz KF, Moher D, Egger M, Davidoff F, Elbourne D, et al. The revised
CONSORT statement for reporting randomized trials: explanation and elaboration. Ann Intern
Med. 2001;134(8):663-94.

23. Moher D, Hopewell S, Schulz KF, Montori V, Ggtzsche PC, Devereaux PJ, et al.
CONSORT 2010 explanation and elaboration: updated guidelines for reporting parallel group
randomised trials. Int J Surg. 2012;10(1):28-55.

24, Braithwaite FA, Walters JL, Li LSK, Moseley GL, Williams MT, McEvoy MP. Blinding
Strategies in Dry Needling Trials: Systematic Review and Meta-Analysis. Phys Ther.
2019;99(11):1461-80.

25. Tough EA, White AR, Richards SH, Lord B, Campbell JL. Developing and validating a
sham acupuncture needle. Acupunct Med. 2009;27(3):118-22.

26. Ceballos-Laita L, Medrano-de-la-Fuente R, Mingo-Gémez MT, Hernando-Garijo |,
Estébanez-de-Miguel E, Jiménez-Del-Barrio S. Effects of dry needling on pain, disability,
kinesiophobia, pain catastrophizing and psychological distress in patients with chronic neck
pain: A randomized controlled pilot study. J Back Musculoskelet Rehabil. 2022;35(2):393-401.
27. Murillo C, Treleaven J, Cagnie B, Peral J, Falla D, Lluch E. Effects of dry needling of the
obliquus capitis inferior on sensorimotor control and cervical mobility in people with neck
pain: A double-blind, randomized sham-controlled trial. Braz J Phys Ther. 2021;25(6):826-36.
28. Kuppens K, Struyf F, Nijs J, Cras P, Fransen E, Hermans L, et al. Exercise- and Stress-
Induced Hypoalgesia in Musicians with and without Shoulder Pain: A Randomized Controlled
Crossover Study. Pain Physician. 2016;19(2):59-68.

29. Mertens MG, Hermans L, Crombez G, Goudman L, Calders P, Van Oosterwijck J, et al.
Comparison of five conditioned pain modulation paradigms and influencing personal factors
in healthy adults. Eur J Pain. 2021;25(1):243-56.

30. Walsh R, Kinsella S, McEvoy J. The intra-rater reliability of locating and measuring the
severity of latent trigger points in the quadriceps. J Bodyw Mov Ther. 2017;21(4):926-32.

31. Oliveira AKd, Dibai-Filho AV, Soleira G, Machado ACF, Guirro RRdJ. Reliability of
pressure pain threshold on myofascial trigger points in the trapezius muscle of women with
chronic neck pain. Revista da Associacdao Médica Brasileira. 2021;67:708-12.

18



439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485

32. Knapstad MK, Nordahl SHG, Naterstad IF, Ask T, Skouen JS, Goplen FK. Measuring
pressure pain threshold in the cervical region of dizzy patients-The reliability of a pressure
algometer. Physiother Res Int. 2018;23(4):e1736.

33. Walton DM, Levesque L, Payne M, Schick J. Clinical pressure pain threshold testing in
neck pain: comparing protocols, responsiveness, and association with psychological variables.
Phys Ther. 2014,94(6):827-37.

34, Walton DM, Macdermid JC, Nielson W, Teasell RW, Chiasson M, Brown L. Reliability,
standard error, and minimum detectable change of clinical pressure pain threshold testing in
people with and without acute neck pain. J Orthop Sports Phys Ther. 2011;41(9):644-50.

35. Mertens MG, Hermans L, Crombez G, Goudman L, Calders P, Van Oosterwijck J, et al.
Comparison of five conditioned pain modulation paradigms and influencing personal factors
in healthy adults. European Journal of Pain. 2021;25(1):243-56.

36. Nir R-R, Granovsky Y, Yarnitsky D, Sprecher E, Granot M. A psychophysical study of
endogenous analgesia: the role of the conditioning pain in the induction and magnitude of
conditioned pain modulation. European journal of pain. 2011;15(5):491-7.

37. Klyne DM, Schmid AB, Moseley GL, Sterling M, Hodges PW. Effect of types and
anatomic arrangement of painful stimuli on conditioned pain modulation. J Pain.
2015;16(2):176-85.

38. Cleland JA, Childs JD, Whitman JM. Psychometric properties of the Neck Disability
Index and Numeric Pain Rating Scale in patients with mechanical neck pain. Arch Phys Med
Rehabil. 2008;89(1):69-74.

39. Pecos-Martin D, Montafiez-Aguilera FJ, Gallego-lzquierdo T, Urraca-Gesto A, Gémez-
Conesa A, Romero-Franco N, et al. Effectiveness of dry needling on the lower trapezius in
patients with mechanical neck pain: a randomized controlled trial. Arch Phys Med Rehabil.
2015;96(5):775-81.

40. Mejuto-Vazquez MJ, Salom-Moreno J, Ortega-Santiago R, Truyols-Dominguez S,
Fernandez-De-Las-pefias C. Short-term changes in neck pain, widespread pressure pain
sensitivity, and cervical range of motion after the application of trigger point dry needling in
patients with acute mechanical neck pain: a randomized clinical trial. journal of orthopaedic &
sports physical therapy. 2014;44(4):252-60.

41. Brady S, McEvoy J, Dommerholt J, Doody C. Adverse events following trigger point dry
needling: a prospective survey of chartered physiotherapists. ] Man Manip Ther.
2014;22(3):134-40.

42. Martin-Pintado-Zugasti A, Fernandez-Carnero J, Ledn-Hernandez JV, Calvo-Lobo C,
Beltran-Alacreu H, Alguacil-Diego |, et al. Postneedling Soreness and Tenderness After
Different Dosages of Dry Needling of an Active Myofascial Trigger Point in Patients With Neck
Pain: A Randomized Controlled Trial. Pmr. 2018;10(12):1311-20.

43, Ledn-Hernandez JV, Martin-Pintado-Zugasti A, Frutos LG, Alguacil-Diego IM, de la
Llave-Rincdn Al, Fernandez-Carnero J. Immediate and short-term effects of the combination
of dry needling and percutaneous TENS on post-needling soreness in patients with chronic
myofascial neck pain. Braz J Phys Ther. 2016;20(5):422-31.

44, Fernandez-de-Las-Pefias C, Nijs J. Trigger point dry needling for the treatment of
myofascial pain syndrome: current perspectives within a pain neuroscience paradigm. J Pain
Res. 2019;12:1899-911.

45. Goubert D, Danneels L, Cagnie B, Van Oosterwijck J, Kolba K, Noyez H, et al. Effect of
Pain Induction or Pain Reduction on Conditioned Pain Modulation in Adults: A Systematic
Review. Pain Pract. 2015;15(8):765-77.

19



486  46. Bontinck J, Lenoir D, Cagnie B, Murillo C, Timmers |, Cnockaert E, et al. Temporal

487  changes in pain processing after whiplash injury, based on Quantitative Sensory Testing: A
488  systematic review. Eur J Pain. 2022;26(1):227-45.

489  47. Uddin Z, MacDermid JC. Quantitative Sensory Testing in Chronic Musculoskeletal Pain.
490  Pain Med. 2016;17(9):1694-703.

491  48. Tampin B, Slater H, Hall T, Lee G, Briffa NK. Quantitative sensory testing

492  somatosensory profiles in patients with cervical radiculopathy are distinct from those in

493  patients with nonspecific neck-arm pain. Pain. 2012;153(12):2403-14.

494 49, Braithwaite FA, Walters JL, Moseley GL, Williams MT, McEvoy MP. Towards more
495  homogenous and rigorous methods in sham-controlled dry needling trials: two Delphi

496  surveys. Physiotherapy. 2020;106:12-23.

497  50. Gallego-Sendarrubias GM, Voogt L, Arias-Buria JL, Braithwaite FA, Fernandez-de-Las-
498  Pefias C. Effects of previous experience with dry needling therapy on blinding effectiveness
499  and pain outcomes in people with neck pain: A preliminary sham-controlled study.

500 Musculoskelet Sci Pract. 2022;58:102515.

501 51. Dommerholt J. Dry needling - peripheral and central considerations. ] Man Manip
502  Ther.2011;19(4):223-7.

503 52. Damien J, Colloca L, Bellei-Rodriguez C, Marchand S. Pain Modulation: From

504 Conditioned Pain Modulation to Placebo and Nocebo Effects in Experimental and Clinical Pain.
505 Int Rev Neurobiol. 2018;139:255-96.

506  53. Lundeberg T, Lund I, Naslund J. Acupuncture--self-appraisal and the reward system.
507  Acupunct Med. 2007;25(3):87-99.

508 54. Liu X, Zhu B, Zhang S. Relationship between electroacupuncture analgesia and

509 descending pain inhibitory mechanism of nucleus raphe magnus. Pain. 1986;24(3):383-96.

20



