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Abstract

Objectives: To assess the immediate and three days post-

intervention effect of one dry needling session compared to

one sham needling session on pain, central pain process-

ing, muscle co-contraction and spatiotemporal parameters

during gait in knee osteoarthritis patients.
Methods: A double-blind randomized controlled trial
was conducted. Sixty-one knee osteoarthritis patients
were randomly assigned to the dry needling or sham
needling group. Primary outcomes were pain and central
pain processing. Secondary outcomes included muscle
co-contraction and spatiotemporal parameters during
gait. Patients were assessed at baseline and 15 min after

the intervention, and pain also three days after the
intervention. Linear mixed models were used to examine
between- and within-group differences.
Results: No significant between-group differences for
pain were found, but within-group scores showed a sig-
nificant decrease 15 min after sham needling and three
days after dry needling. The mean conditioned pain
modulation effect measured at them. Trapezius worsened
significantly 15min after shamneedling compared to after
dry needling (between-group difference). However, indi-
vidual conditioned pain modulation percentage scores
remained stable over time. Various significant within-
group differences were found 15 min after sham needling:
a decrease of conditioned pain modulation measured at
m. Quadriceps andm. Trapezius and stride- and step-time
scores, and an increase in step length and widespread
pain pressure threshold. A significant decrease in muscle
co-contraction index of the m. Vastus Medialis and
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Semitendinosus was found as within-group difference
15 min after dry needling.
Conclusions: Dry needling has no larger effect on pain,
central pain processing, muscle co-contraction and gait
pattern 15 min and three days postintervention compared
to sham needling. Mean conditioned pain modulation
scores worsened after shamneedling compared to after dry
needling. Further research remains necessary.

Keywords: central pain processing; dry needling; gait;
knee osteoarthritis; muscle co-contraction; pain.

Introduction

Osteoarthritis (OA) is a degenerative joint disorder and a
leading cause of chronic pain and disability, affecting
around 15% of adults over 60 years as a symptomatic dis-
order [1]. The knee is one of the most affected joints in OA,
of which pain is the primary symptom [2].

Myofascial trigger points (MTrP) are frequently found
in lower limb muscles in knee OA patients [3] and are
defined as a hyperirritable spots in a taut band of extremely
contracted skeletal muscle fibres [4]. The pathophysiology
of MTrPs is not yet completely understood, but it is hy-
pothesized that muscle overload leads to a persistent
sarcomere contraction, leading to muscle hypoxia and the
release of sensitizing substances, which in turn causes
pain [5]. This persistent source of nociception can lead to
abnormal peripheral and/or central pain processing (CPP)
symptoms [6]. Abnormal CPP (often referred to as ‘central
sensitization’) is shown to be present in a subgroup of
patients with knee OA [7]. Hyperalgesia, allodynia, higher
excitability of the bottom-up sensory-driven pathways
and a disturbed endogenous descending pain inhibition
system contribute to abnormal CPP [8]. Previous research
confirmed sensitization of non-nociceptive large-diameter
myelinated afferent nerve endings and neuroplastic
changes in the dorsal horn neurons induced by MTrPs [9].

Besides pain and altered CPP, both MTrPs [10] and
knee OA [11] can cause disturbed motor control, disturbed
muscle force generation and increased antagonist co-
activation, due to disturbed reciprocal inhibition [12]. This
leads to further progression of structural OA features, pain
and stiffness through a change in external knee moments
[13, 14]. All previously mentioned signs can disturb
patients’ gait performance [15, 16]. Altered CPP as well as
increased muscle co-contraction and disturbed gait have a
large impact on quality of life [17]. Therefore it is important
to eliminate or diminish the peripheral source of

nociception, which can maintain these symptoms [18].
Treating MTrPs has shown to reverse peripheral noci-
ception in e.g. knee OA, hip OA and myofascial pain syn-
drome [19, 20].

The goal in treating MTrPs is to deactivate the MTrP,
which results in reducing pain and restoring muscle
function [18]. In this way, chronic pain and abnormal CPP
symptoms can be prevented or diminished [6]. To date,
dry needling (DN) serves as a frequently used treatment
method [21]: a thin acupuncture-like needle is inserted
into a MTrP, which can cause a local twitch response
(defined as an involuntary and quick local contraction of
the muscle fibres after which the muscle fibres are able to
relax again) [22]. Even one DN session appears sufficient
to reduce pain in several musculoskeletal conditions,
such as shoulder and neck pain [23, 24]. In addition, direct
peripheral (e.g. increase of blood flow, decrease in con-
centrations of substance P, increase of local pain pressure
threshold [PPT],…) and indirect central (e.g. stimulation
of analgesia, release of endogenous opioid, increase of
widespread PPT,…) effects are described following DN
treatment through a decrease of peripheral nociception.
Indeed, although there is only limited research that has
been published, there seems to be indication that DN has
both peripheral and central effects [25].

A systematic review of 2015 has concluded that DN is
effective in improving pain and increasing PPTs even
immediately after treatment, and is equally effective as
manual compression and other needling techniques in
different musculoskeletal disorders [22]. However, more
recent systematic reviews suggested that DN is superior to
no treatment, sham needling (SN) and other therapies in
reducing pain in different musculoskeletal disorders
[26, 27]. Unfortunately, the few DN studies performed in
knee OA patients lead to indefinite conclusions and create
the necessity for further research. Moreover, no previous
studies have investigated the effect of DN on other out-
comes than pain, disability and quality of life in knee OA
patients [18]. As disturbed CPP, muscle co-contraction and
spatiotemporal gait features are often present in patients
with knee OA and have a large impact on quality of life,
more research is necessary [17]. Moreover, apart from local
and widespread PPTs, other CPP features have been only
limited evaluated in DN studies [25, 28].

The primary goal of this randomized controlled trial is
to assess the difference in immediate effects of one DN
session compared to one SN session on pain and signs of
abnormal CPP, and secondary on muscle co-contraction
and spatiotemporal parameters of gait in knee OA patients.
We hypothesize that a DN technique will be significantly
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more effective than an SN technique immediately after
treatment concerning all the outcome measures.

Materials and methods

This double-blind randomized controlled trial was approved by the
local ethical committee of the University Hospital Antwerp, Belgium
(B3000201630444) and retrospectively registered at Clinicaltrials.gov
(registration number: NCT04717167). The study was conducted
following the CONSORT 2010 checklist of information to include when
reporting a randomized trial (Supplementary material: Appendix S1)
[29]. Each participant signed a written informed consent form before
inclusion. The study was conducted over a 3.5-year span (2016–2019)
at the University Hospital of Antwerp.

Participants

Participants were recruited from the University Hospital of Antwerp or
clinical practices in Belgium. Participants were eligible if they met the
following criteria:
– A minimum age of 50 years;
– Diagnosed with knee OA based on the American College of

Rheumatology clinical and radiographic classification criteria
[30], including:
– AKellgren–Lawrence grade ofminimum twoon radiography;
– Knee pain for at least three months;

Subjects were excluded if they underwent total knee arthroplasty on
the test side, had amajor trauma/fracture of the lower limb in the past
six months, had an autoimmune, neurological and/or other muscu-
loskeletal disease other than knee OA or experienced any condition
that precluded them from being treated with DN (fear of needles,
allergy,…). All subjects were instructed to stop their pain medication
24 h before treatment, and 24 h before follow-up measurement three
days after. They were also instructed to stop other physiotherapy
sessions during the study.

Randomization procedure and blinding

An independent researcher (IB) allocated subjects to the DN or SN
group using a randomization website (www.randomizer.org). The aim
was to reach an equal number of subjects in both groups with a two-
arm design (1:1 allocation ratio). The outcome assessors and patients
were blinded for treatment allocation. Moreover, subjects were not
allowed to see the needling-intervention.

Sample-size determination

Sample size was determined using a free software program for sample
size calculation and power analysis: ‘G*Power 3.1’ [31]. Twenty-seven
subjects in each group provided 95% power (β), with an effect size of
0.25 at a two-sided significance level (α) of 0.05 to detect a difference of
10-points on the Knee Injury and Osteoarthritis Outcome Score
(KOOS) – subscale pain or a difference of 9–12 mm on the Visual
Analogue Scale for pain (VAS) [32, 33]. Taken into account a drop-out

of 10%, 60 patients were sufficient to include. No ‘a priori’ sample-size
calculation was performed for the other primary outcomes (CPP),
therefore a post-hoc power analysis was performed (Supplementary
material: Appendix S3).

Interventions

All subjects received either one DN (technique in which the needle
penetrated both the subcutaneous and muscle tissue) or one SN
session intervention (technique in which the needle only penetrated
the subcutaneous tissue) [24, 34]. This was performed by experi-
enced DN physiotherapists who earned a postgraduate certificate at
Trigger (http://www.trigger.be/) or at DN Ghent (http://www.
dryneedling-gent.be/). A manual that explained the whole proced-
ure in detail was provided as guideline for the therapists, in order to
standardize the treatment procedures. All the therapists performed
the DN, as well as the SN. Subjects were positioned in supine posi-
tion. Prior to the intervention, therapists provided the same stan-
dardized information to all subjects about MTrPs, the intervention
and possible post-treatment effects (Supplementary material:
Appendix S2). The m. Gastrocnemius; m. Vastus medialis; m. Vastus
lateralis; m. Rectus femoris; m. Biceps femoris; m. Semitendinosus;
m. Semimembranosus; m. Adductor longus and m. Adductor brevis
of the affected leg were first checked for presence of active (cause
spontaneous pain without provocation and the patient’s recogniz-
able pain) or latent (only painful during compression) MTrPs. This
was based on therapists’ manual palpation (a taut band and a
hypersensitive spot) and on their reported pain locations (local or
referred pain) [35]. Identified MTrPs were then needled with a DN or
SN technique.

Concerning the DN group, all identifiedMTrPswere insertedwith
a sterile filiform needle (0.30 mm × 40 mm or 0.30 mm × 70 mm,
depending on themuscle) andweremoved in different directions until
all local twitch responses were ceased and extinguished. When the
subject reported too much pain (even without provoking the local
twitch response), the needle was removed. In the SN group, the needle
only penetrated the skin once, without moving in different directions,
and therefore could not provoke a local twitch response.

All outcome measures, except for the KOOS- subscale pain and
VAS pain during activities, were completed at baseline and 15 min
after the intervention. The KOOS- subscale pain and VAS pain and
pain during activities were measured at baseline and after a follow-up
period of three days (Fig. S1).

Outcomes measures

Six executive researchers (SV, LB, AEB, BC, MVL and SH) performed
the measurements and were blinded for type of intervention. Stan-
dardized guidelines to examine each outcome measure were used in
order to optimize standardization.

Primary outcome measures: pain intensity and CPP: The outcome
measure ‘pain intensity’was examined with the VAS pain [36] and the
KOOS – subscale pain [32]. Concerning the VAS pain, patients had to
draw a cross on a line of hundred millimetres to report their pain
intensity in rest and during activities. The left side represents a score of
zero (no pain) and the right side a score of hundred (unbearable pain)
[36]. The VAS pain has an excellent test–retest reliability [37]. The
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KOOS is an extension of the Western Ontario and McMaster Univer-
sities Osteoarthritis Index and consists of five subscales. Only the
subscale ‘pain’ was used for further analysis. Questions were scored
on a five-point Likert scale (0–4) and transformed to a 0–100 scale. A
higher score represents a higher level of experienced pain. The KOOS
is a valid, reliable, and responsive outcome measure in knee OA [32].

Symptoms indicative for abnormal CPP were measured with the
Central Sensitization Inventory, and psychophysical tests, namely
Quantitative sensory testing. The questionnaire includes four domains
related to central sensitization, is scored on a five-point Likert scale
(0–4) and a score above 40 indicates the possible presence of central
sensitization [38]. Quantitative sensory testing consisted of measuring
mechanical Pressure Pain Thresholds (PPTs), Temporal Summation
and Conditioned Pain Modulation (CPM) [39].

Mechanical PPTs.Deep-tissue pain sensitivitywas evaluatedwith
a hand-held pressure algometer (Wagner FDX 25 Force Gage). To
measurewidespread (secondary) hyperalgesia, PPTswere taken at the
m. Trapezius pars descendens of the unaffected side (middle of the
distance between the acromion and cervical vertebrae 7); and to
measure local (primary) hyperalgesia, PPTs were taken at the m.
Quadriceps of the affected side (middle of the distance between the
spina iliac anterior superior and the base of the patella). The patient
was seated on a chair without armrests. The probe (1 cm2) was placed
perpendicular to the test surface. Pressure was increased with a
speed of 1 kgf/s until the subject reported a feeling of discomfort. This
was repeated after 30 s and the average of both measurements was
used for statistical analysis. A higher PPT indicates less mechanical
sensitivity.

Temporal summation. The same test locations, as described in the
PPT measurement, were used to quantify the excitability of the
bottom-up sensory-driven pathways. The average PPT score served as
pressure value and was applied for 10 repetitions. After the first, fifth
and tenthmeasurement, the subjectwas instructed to give a pain score
on a numeric rating scale (0–10), where ‘zero’ indicated ‘no pain’ and
‘10’ indicated ‘unbearable pain’. The differences of numeric rating
scale scores between step 10 and step one were used for the statistical
analysis. Higher scores indicate an increased bottom-up excitability.

Conditioned pain modulation. The function of the descending
pain inhibitory pathways was evaluated by examining the effect of a
conditioning stimulus on the pain score of a test stimulus. An
inflatable cuff was used for ischemic compression as conditioning
stimulus. The cuff was placed around the upper arm of the unaffected
side and pressure was increased until the subject reported discom-
fort. After 30 s, the subject was asked to score the pain on a numeric
rating scale (0–10). Subsequently, the cuff was de- or inflated until
the pain score reached a three out of ten. PPTs on both test locations
(as described above) were assessed twice with a pause of 30 s, while
the cuff kept to be attached to the arm. For analyses of CPM efficacy,
the mean PPT measured before the inflatable cuff was subtracted
from the mean PPT during application of the inflatable cuff (PPT with
cuff - PPT without cuff). Hence, a lower CPM value reflected a less
efficient endogenous pain inhibition, whereas a higher CPM value
reflects a more efficient endogenous pain inhibition. However, it is
more useful to interpret CPM scores on an individual basis to make
conclusions [40]. Therefore, in addition, CPM values were trans-
formed to pronociceptive values (CPM value less than zero, indi-
cating a less efficient endogenous pain inhibition: no CPM-effect)
and antinociceptive values (CPM value more than zero, indicating a
more efficient endogenous pain inhibition: CPM-effect) and used for
an additional analysis [40].

Secondary outcome measures: muscle co-contraction index and
spatiotemporal parameters during gait: The patient was instructed to
walk barefoot at a self-selected comfortable walking speed over an
instrumented walkway of 10 m while spatiotemporal characteristics
were recordedwith eight cameras (type VICON T10 cameras, 100 fps, 1
Megapixel) and a force plate (1 AccuGait force plate, 1,000 fps; 3 AMTI
Type OR 6–7 force plates, 1,000 fps, 46 × 50 × 8 cm). Signals of elec-
tromyography (Cometa Aurion ZeroWire, 1,000 Hz) of 14 lower limb
muscles and reflective marker trajectories (see further) were tracked
using Vicon Nexus software 2.6.1. (VICON© Motion Systems Ltd.,
London, UK). Custommade scripts in MATLAB (The MathWorks, Inc.,
Natick,MA, USA) calculated antagonisticmuscle co-contraction index
(CCI) of both legs (%) and spatiotemporal gait parameters of the
affected leg.

Muscle Co-contraction Index. Disposable surface electromyog-
raphy electrodes (Ag/AgCl, diameter 2 cm) were applied bilaterally to
m. Vastus lateralis, m. Vastus medialis, m. Semitendinosus, m. Sem-
imembranosus, m. Biceps femoris, m. Tibialis anterior and m.
Gastrocnemius (medial and lateral part) according to the SENIAM
guidelines [41]. The skin was shaved and degreased with diethyl ether
before electrode application. Visual inspection of the signal to noise
ratio was performed prior to data collection.

Raw electromyography data were band-pass filtered (10–300 Hz)
and full-wave rectified. Using a 50-ms moving average window the
linear envelope of the electromyography signal was calculated over
the gait cycle. The overlap of the electromyography envelope of
different antagonistic muscles was used for the calculation of the co-
contraction index. The index was calculated for the followingmuscles
according to the method described by Winter et al. [42]:

CCI = (area of overlap of agonist and antagonist
area of agonist+area of antagonist × 100) and was expressed in

percentages (%): m. Vastus lateralis vs. m. Semitendinosus, m. Vastus
lateralis vs. m. Biceps femoris, m. Vastus medialis vs. m. Semite-
ndinosus, m. Vastus medialis vs. m. Biceps femoris, m. Tibialis anterior
vs. m. Gastrocnemius medialis and m. Tibialis anterior vs. m. Gastroc-
nemius lateralis. Higher percentages indicate higher co-contraction
between the muscles, and thus a less efficient action.

Spatiotemporal gait parameters.Reflectivemarkerswere attached
to the lateral malleoli (anklemarker) and the head of metatarsal II (toe
marker) of both feet. Phases of heel strike and toe off were detected
using ground reaction force data and anklemarker trajectories. Spatial
and temporal characters of gait (Stride time [s], stride length [cm], step
time [s], stance phase duration [% of gait cycle duration], step length
[cm] and stepwidth [cm])were calculated inMatlab fromankle and toe
marker trajectories. Slower temporal and larger spatial parameters
scores indicate better results for gait pattern.

Statistical methods

The statistical analyses were performed based on an intention to treat
analysiswith the IBMStatistical Package for Social SciencesVersion 25
(SPSS, IBM Corporation, Armonk, NY) for all outcome measures.
Boxplots were used as quality control in order to find any outliers and
extreme values. The Shapiro–Wilk test was set up to test the normality
of the distribution of the outcomes. Patients’ characteristics, baseline
values and 15 min post-intervention values were compared between
groupswith Chi Square tests (sex and affected side), Mann–WhitneyU
tests (nonnormally distributed data) and Independent Sample t-tests
(normally distributed data). Linear mixed models tests were used to
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determine the difference of all outcomes between- and within the
separate groups over time, and Bonferroni correction was used for
multiple testing. Subjects number was used as random intercept and
residualswere checked for normality. Fixed factorswere ‘intervention’
(DN and SN group), ‘time’ (pre and post-intervention) and ‘interven-
tion × time’. Gender, affected knee side and central sensitization
inventory scores were added as covariates if considered relevant
according to the outcome parameter. Apart from the absolute CPM
values, the CPM values were additionally transformed to ‘0’ if having
an impaired CPM (negative score – pronociceptive CPM [40] – no
CPM-effect), and to ‘1’ if having a proper working CPM (positive
scores – antinociceptive CPM [40]) – CPM-effect). Differences
between- and within-groups were also checked with linear mixed
models. A significance level of p<0.05 was used for data analysis. The
method of Morris et al. was used to calculate the effect sizes [43].

Results

Participants

Sixty-one participants were randomly allocated to the DN
group (n=31) or the SN group (n=30). One subject was
excluded for three days post-intervention analysis due
to incomplete questionnaires (Figure 1). No statistically
significant differences were present between groups for
participants’ characteristics (Table 1) and baseline values
(Tables 2, 3, and 4) (p>0.05). All between- andwithin-group
differences are presented as the difference between base-
line and post-intervention values (post – pre).

Primary outcome measures

The analyses provided no between-group differences over
time for the outcome pain intensity (p>0.05) (Figures 2, 3,
and 4). Thewithin-group analyses of pain showed different
results in both groups: in theDNgroup only theVASpain in
rest scores (0–100) decreased significant at the three day
follow-up examination (p=0.024), as in the SN group the
scores decreased 15 min after treatment (p=0.002), but
went back up three days after intervention (p=0.027)
(Figure 2). Other within-group analyses showed a decrease
of the KOOS subscale pain score (0–100) three days after
the intervention in both groups (DN: p<0.001 and SN:
p=0.039) (Figure 4). No within-group results could be
revealed for the VAS pain during activities (DN: p=0.094
and SN: p=0.386) (Figure 3).

The change in CPM scores at the m. Trapezius over
time was significantly larger in the SN group compared to
the DN group. The CPM scores decreased after SN and
increased after DN (p=0.008) (Table 2). Considering the
pro- and antinociceptive CPM-effect, 67% of patients in
the DN group had a CPM-effect measured at the m.
Trapezius before intervention compared to 73% of pa-
tients in the SN group. These percentages changed to 71%
(DN group) and 67% (SN group) after the intervention
(Table 2 + Supplementary material: Figures S2 and S3),
however the between-group differences over time are
non-significant (p>0.05). No other between-group differ-
ences could be discovered. The within-group analysis in

Figure 1: CONSORT flow diagram: enrolment.
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the SN group found a significant increase in PPT-score
measured at m. Trapezius (p<0.001) and decrease of the
CPM scoremeasured at them. Trapezius (p=0.002) andm.
Quadriceps (p=0.008) 15 min after the intervention
(Table 2). However, the changes in pro- and anti-
nociceptive CPM-effect, expressed as percentages, were
non-significant (p>0.05) (Table 2 + Supplementary mate-
rial: Figures S4 and S5).

Secondary outcome measures

Analysis indicated no between-group differences over time
for muscle co-contraction or spatiotemporal parameters
during gait (p>0.05) (Tables 3 and 4). Step length increased
(p=0.006) and stride-time (p<0.001) and step-time
(p=0.008) decreased only after the SN session concerning
the within-group analyses (Table 4). The within-group
analysis of the muscle co-contraction index of m. Semite-
ndinosus and m. Vastus Medialis decreased after DN
(p=0.011) (Table 3). No other within-group differences were
found (p>0.05) (Tables 3 and 4).

Discussion

In contrast to our hypothesis, the effects on all outcome
measures after one DN sessionwere not superior compared
to the effects after one SN session immediately and three
days after intervention. Only the mean scores of CPM effi-
cacy declined significantly after SN compared to after DN.
However, no significant differenceswere found concerning
pro- and antinociceptive CPM-effects. In addition, within-
group analyses showed a significant improvement for the
pain-scores three days post-intervention and the muscle

co-contraction index of the m. Vastus Medialis and m.
Semitendinosus 15 min after DN. Other within-group ana-
lyses showed a significant improvement in pain-score, PPT
at the m. Trapezius, step length, step- and stride-time; and
a decline in CPM measured at m. Trapezius and m. Quad-
riceps 15 min after SN.

First of all, the different pattern in the within-group
VAS pain in rest scores in both groups can be explained by
potential post-needling soreness after DN, which can last
for about 48 h and could have masked the clinical effects
15 min post-treatment [25]. Although the non-significant
between-group effects three days postintervention, the
within-group analyses implied at benefit of oneDN session.
In contrast, the KOOS subscale pain scores showed an
improvement for both groups after three days. However,
only the DN group reached the minimal perceptible clini-
cally important improvement, as described previously [32].
A minimal detectable change in KOOS score of 10-points
[32] was reached for 53% of the patients in the DN group,
compared to 40% in the SN group. In line with our
between-group results for pain, Sanchez-Romero et al. also
reported similar improved results after SN or DN. However,
this could be due to the additional exercise component in
their study [44]. Our within-group differences after DN are
consistent with other studies in knee patients, for example
Itoh et al. [45] and Sanchez-Romero et al. [44, 46] in knee
OA patients, where five to six DN sessions were performed;
and Mayoral et al. [47] in patients after total knee arthro-
plasty,where only oneDN sessionwas performed. All these
studies reported a significant decrease in VAS pain in rest
score after one month. In contrast to our study, Itoh et al.
[45] was able to detect between-group differences over time
between the DN and the SN group in favour of the DN
group.

Furthermore, although a decrease of mean CPM
scores after SN was found, the changes in pro- and anti-
nociceptive CPM-effect, expressed as percentages, were
non-significant (Table 2 and Fig. S3). Research indicates
that it is more useful to interpret CPM scores as pro- and
antinociceptive scores (no CPM-effect or CPM-effect),
because in this heterogenous sample, the absolute scores
at group level with large variation do not reflect a valid
representation [40]. For example, in case all patients
experienced no CPM-effect at baseline, other mean group
results could have been revealed and therefore, the indi-
vidual CPM-effects are represented in Table 2 and the
Supplementary material (Figures S2–S5). Thereupon, the
DN intervention resulted in a small improvement of CPM,
which could be due to diminishing the peripheral source
of nociception (MTrPs). This resulted in a modulated
spinal dorsal horn activity and an activation of the central

Table : Patients’ characteristics of the dry needling and sham
needling group.

Dry needling
group (n=)

Sham needling
group (n=)

p-Value

Age, year  ±   ±  .a

Sex .b

Male  ()  ()
Female  ()  ()

Affected side .b

Right  ()  ()
Left  ()  ()

CSI (–) . (.) . (.) .a

Values are expressed as means ± standard deviation for continuous
variables and absolute frequency (%) for categorical variables.
Abbreviations: n, number of subjects; CSI, Central Sensitization
Index. ap associated with independent sample t-test, bp associated
with chi-square test.
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Table : Descriptives (or frequencies for CPM-effect) and within-group change scores (post-pre intervention) for VAS pain in rest and during
activities, KOOS subscale pain and Quantitative Sensory Testing.

Outcome Group Baseline  min post-intervention Within-group score changes

Change scores (CI) p-Value

VAS pain in rest (–) + between p-value for pre,  min post and  days post: .b

DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., −.) .b*

p=.a p=.a ES=.
VAS pain in rest (–) (baseline to  days postintervention)!

DN . ± . . ± . −. (−., −.) .b*

SN . ± . . ± . . (−., .) .b

p=.a p=.a ES=−.
VAS pain in rest (–) ( min postintervention to  days postintervention)!

DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . . (., .) .b*

p=.a p=.a ES=−.
VAS pain during activities (–) (baseline to  days postintervention)!

DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., .) .b

p=.c p=.c ES=−. Between: .b

KOOS subscale pain (–) (baseline to  days postintervention)!
DN . ± . . ± . −. (−., −.) <.b*

SN . ± . . ± . −. (−., −.) .b*

p=.c p=.c ES=−. Between: .b

PPT m. Trapezius, kgf/cm

DN . ± . . ± . . (−., .) .b

SN . ± . . ± . . (., .) <.b*

p=.a p=.a ES=−. Between: .b

PPT m. Quadriceps, kgf/cm

DN . ± . . ± . . (−., .) .b

SN . ± . . ± . −. (−., .) .b

p=.c p=.a ES=. Between: .b

TS m. Trapezius, NRS
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., .) .b

p=.a p=.a ES=−. Between: .b

TS m. Quadriceps, NRS
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., .) .b

p=.a p=.a ES=. Between: .b

CPM m. Trapezius, kgf/cm

DN . ± . . ± . . (−., .) .b

SN . ± . . ± . −. (−., −.) .b*

p=.a p=.a ES=. Between: .b*

CPM m. Quadriceps, kgf/cm

DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., −.) .b*

p=.b p=.a ES=. Between: .b

CPM effect m. Trapezius (absolute value [% ])
DN  ()  () . (−., .) .b

SN  ()  () −. (−., .) .b

p=.d p=.d Between: .b

CPM effect m. Quadriceps (absolute value [% ])
DN  ()  () −. (−., .) .b

.b

Between: .b
SN  ()  () −. (−., .)

p=.d p=.d

*p=statistically significant. Values are expressed as means ± standard deviation for baseline and  min post-intervention, as mean score
change (% confidence interval) for within-group score changes and absolute frequency (%) for categorical variables. Abbreviations: DN, dry
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inhibitory pain pathways [6], which in turn led to a reduce
of peripheral and central sensitization [25]. This increase
in patients being CPM responders was, however, non-
significant. In contrast to DN, the SN intervention had
no effect on the MTrP, and was therefore possibly less
effective in decreasing peripheral and central sensitiza-
tion. The same pattern was seen in the individual
CPM-effects taken at the m. Quadriceps [40].

Subsequently, the non-significant PPTs increase after
DN differs from previous DN studies in patients with neck
pain. These studies indicated an immediate post-treatment
increase in local and widespread PPT [28, 48–50]. These
studies investigated the PPTs at bones [49], joint tissues
[50] or the treated muscles [28, 48], indicating that muscle
soreness cannot be the main reason why our study lacked
significant results. Although studies suggest an effect on
CPP after DN [25] and indicate that MTrPs inactivation
attenuates abnormal CPP symptoms and induces spinal
cord inhibition [51–53], the results of our study are
consistent with two other acupuncture studies [54, 55]. The
immediate improvement in VAS pain in rest and PPT at m.
Trapezius after SN is probably due to placebo effects or
other physiological effects due penetration of the skin,
frequently seen after SN [56]. The immediate effects after
DN compared to the less or non-painful SN were different
possibly due to post-needling soreness.

Furthermore, the overall non-significant findings
(except for one) in muscle co-contraction index after both
interventions are also in contrast to our hypothesis, as a
decrease, and thus a better reciprocal inhibition was
expected because of pain relief [57]. However, the
improvement of themuscle co-contraction index of the m.
Vastus Medialis and M. Semitendinosus could be due to
the fact that therapists treated more MTrPs in these two
muscles compared to the other muscles. Therapists were
instructed to only needle MTrPs if identified before
intervention. It is possible that fewer MTrPs were present
in the othermuscles, and therefore lacking an effect in the
other co-contraction indexes.

Finally, an important influencing factor for the
spatiotemporal parameters could be the pain experienced
form the intervention. Asmentioned above, pain decreased
significantly immediately after SN, but not in the DN group
(within-group analyses). The positive significant change
after SN in these spatiotemporal gait parameters may be

due to this lesser pain sensation [58]. The muscle soreness
after DN could again explain why muscle co-contraction
and gait characteristic changes are non-significant imme-
diately after this intervention.

Previous MTrP intervention studies in different
musculoskeletal disorders did not or only limited investi-
gate the effect on muscle co-contraction, spatiotemporal
parameters during gait and other features (apart from PPT)
of CPP [18, 59]. This makes findings of our study difficult to
interpret and generalize.

Limitations

The results of this study should be interpreted with
considering several limitations. Firstly, sample size
calculationwas based on only the outcome pain intensity.
Thus, other results should be interpretedwith caution due
to multiple testing and possible underpowering. To cor-
rect this we performed a post-hoc power analysis and only
the results for PPT measured at m. Quadriceps, and TS
measured at m. Trapezius and m. Quadriceps were un-
derpowered (Supplementary material: Appendix S3).
Secondly, it is possible that the SN intervention hides
possible ‘real treatment effects’ after DN, because of the
wrong assumption that SN is a real ‘sham’. The sensory
stimulation of SN could be sufficient to evoke various
physiological and psychological effects, because of
placebo-effects and antinociceptive effects due to the
presence of A-delta fibres in the needled skin and sub-
cutaneous tissue [34]. Although including a control group
(without any sham treatment) could have controlled for
this effect, a difference in therapy time (therapist contact)
has also been shown to have a (placebo) effect [60].
Moreover, our decision to opt for SN as comparison group
was based on another study that was able to detect
differences between DN and SN in knee OA patients in
favour of DN [45]. Thirdly, patients were not asked if they
could report whether they got DN of SN after treatment.
Fourthly, the locations of the identified – and thus treated –
MTrPs were not reported by the therapists, possible leading
to biased results in the muscle co-contraction index scores.
Fifthly, there was no control of adequate inactivation of the
MTrPs after the muscle soreness stopped. However, DN
therapists were obligated to follow the guideline document,

needling group; SN, Sham needling group; VAS, Visual Analogue Scale; KOOS, Knee Injury and Osteoarthritis Outcome Score; PPT, Pain
Pressure Threshold; TS, Temporal Summation; CPM, Conditioned Pain Modulation; kgf/cm, kilogram force per square centimetre; NRS,
Numeric Rating Scale (rated –); ES, between-group effect size; CI, confidence interval; Between, interaction value, % , percentage with an
antinociceptive conditioned pain modulation effect. ap associated with Mann–Whitney U-test, bp associated with linear mixed models, cp
associated with the independent sample t-test, dp associated with the Chi-square test.
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Table : Descriptives and within-group change scores (post-pre intervention) for muscle co-contraction index.

Outcome Group Baseline  min post-intervention Within-group score changes

Change scores (CI) p-Value

m. Vastus Medialis/m. Semitendinosus (affected side), %
DN . ± . . ± . −. (−., −.) .b*

SN . ± . . ± . −. (−., .) .b

p=.c p=.c ES: −. Between: .b

m. Vastus Medialis/m. Semitendinosus (non-affected side), %
DN . ± . . ± . . (−., .) .b

SN . ± . . ± . −. (−., .) .b

p=.c p=.c ES: . Between: .b

m. Vastus Medialis/m. Biceps femoris (affected side), %
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., .) .b

p=.c p=.a ES: −. Between: .b

m. Vastus Medialis/m. Biceps femoris (non-affected side), %
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . . (−., .) .b

p=.a p=.c ES: −. Between: .b

m. Vastus Lateralis/m. Semitendinosus (affected side), %
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . . (−., .) .b

p=.c p=.c ES: −. Between: .b

m. Vastus Lateralis/m. Semitendinosus (non-affected side), %
DN . ± . . ± . . (−., .) .b

SN . ± . . ± . . (−., .) .b

p=.c p=.c ES: −. Between: .b

m. Vastus Lateralis/m. Biceps Femoris (affected side), %
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . . (−., .) .b

p=.c p=.a ES: −. Between: .b

m. Vastus Lateralis/m. Biceps Femoris (non-affected side), %
DN . ± . . ± . . (−., .) .b

SN . ± . . ± . . (−., .) .b

p=.a p=.c ES: −. Between: .b

m. Tibialis Anterior/m. Gastrocnemius Medialis (affected side), %
DN . ± . . ± . . (−., .) .b

SN . ± . . ± . . (−., .) .b

p=.c p=.c ES: . Between: .b

m. Tibialis Anterior/m. Gastrocnemius Medialis (non-affected side), %
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., .) .b

p=.c p=.c ES: . Between: .b

m. Tibialis Anterior/m. Gastrocnemius Lateralis (affected side), %
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . . (−., .) .b

p=.c p=.a ES: −. Between: .b

m. Tibialis Anterior/m. Gastrocnemius Lateralis (non-affected side), %
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., .) .b

p=.c p=.c ES: −. Between: .b

*p=statistically significant. Values are expressed as means ± standard deviation for baseline and min post-intervention and as mean score
change (%confidence interval) for within-group score changes. Abbreviations: DN, dry needling group; SN, Shamneedling group; s, seconds;
m, meters; ES, between-group effect size; CI, confidence interval; Between, interaction value. ap associated with Mann–Whitney U-test, bp
associated with linear mixed models, cp associated with the independent sample t-test.
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which clearly mentioned that every local twitch response
needed to be ceased and extinguished. Only if the patient
reported too much pain, the needling could be stopped.
Finally, a follow-upperiod of three dayswas only carried out

for the questionnaires. However, other DN studies showed
immediate improvements postintervention [24], confirming
the relevance for investigating the immediate effects in knee
OA patients.

Table : Descriptives and within-group change scores (post-pre intervention) for spatiotemporal parameters of gait.

Outcome Group Baseline  min post-intervention Within-group score changes

Change scores (CI) p-Value

Stride time, s
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., −.) <.b*

p=.a p=.a ES=. Between: .b

Stride length, cm
DN . ± . . ± . . (−., .) .b

SN . ± . . ± . . (−., .) .b

p=.c p=.c ES=. Between: .b

Step time, s
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., −.) .b*

p=.a p=.a ES=. Between: .b

Stance phase (% of gait cycle duration)
DN . ± . . ± . −. (−., .) .b

SN . ± . . ± . −. (−., .) .b

p=.a p=.a ES=−. Between: .b

Step length, cm
DN . ± . . ± . . (−., .) .b

SN . ± . . ± . . (., .) .b*

p=.a p=.a ES=−. Between: .b

Step width, cm
DN . ± . . ± . . (−., .) .b

SN . ± . . ± . . (−., .) .b

p=.c p=.c ES=−. Between: .b

*p=statistically significant. Values are expressed as means ± standard deviation for baseline and min post-intervention and as mean score
change (%confidence interval) for within-group score changes. Abbreviations: DN, dry needling group; SN, Shamneedling group; s, seconds;
m, meters; ES, between-group effect size; CI, confidence interval; Between, interaction value. ap associated with Mann–Whitney U-test, bp
associated with linear mixed models, cp associated with the independent sample t-test.

Figure 2: Baseline, 3 months
postintervention and 3 days
postintervention values for Visual Analogue
Scale in rest. Legend: *Result is statistically
significant compared to baseline (p<0.05).
**Result is statistically significant
compared 15min postintervention (p<0.05).
Results are associated with linear mixed
models test. Abbreviations: VAS, Visual
Analogue Scale; MIN, minutes; Post, post-
intervention; Between, interaction value.
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Implications for clinical practice

For rehabilitation, one DN session seems not superior to
one SN session in knee OA patients concerning effects on
pain, signs of CPP, muscle co-contraction and spatiotem-
poral parameters of gait immediately and three days after
treatment. No added clinical relevance of DN could be
revealed in this study.

Implications for future research

More research regarding the central effects of DN (in
comparison with SN) is necessary, as our study was not
able to find clear effects, but also because this is one of
the first studies that assesses the effect of DN (and not
acupuncture) on CPM and temporal summation. Further-
more, research could address the effect of DN (in compar-
isonwith SN) onmuscle co-contraction and spatiotemporal
parameters of gait, as our study did not reveal clear find-
ings. Further research should collect information about
whether the treatment caused an adequate inactivation,
and the location of the identified and treated MTrPs itself,
as this could have had an influence on our outcome mea-
surements. In addition, CPP, muscle co-contraction and
spatiotemporal parameters of gait measurements should
be performed also 48 h or longer after the needling inter-
vention, because the influence of the potential extra effect
of the post-needling soreness will then no longer be pre-
sent. Finally, more DN studies should focus on knee OA
patients, as only four studies (including our study) inves-
tigated the effect of DN in this population [44–46].

Conclusions

Based on this study, a single DN intervention has no larger
effects than a single SN session on pain 15 min and three
day post-intervention; as well as signs of abnormal CPP,
muscle co-contraction and gait pattern 15 min post-
intervention. However, within-group analysis revealed
some effects in the DN group on pain three days post-
intervention and on the muscle co-contraction index of m.
Vastus Medialis and m. Semitendinosus 15 min post-
intervention. More research focussing on a more homoge-
nous chronic knee pain population and on CPP, muscle co-
contraction and gait measurements more than 48 h post-
intervention is highly required.
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