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Abstract

\

Background: In this randomized, double-blind, parallel-group trial, we aimed to explore the effectiveness of trigger point dry |
needling in patients with chronic tension-type headache in reducing headache frequency, intensity and duration, and improvement of
health-related quality of life.

Methods: The 168 patients in 2 neurology clinics with chronic tension-type headache. The participants were randomly assigned to
one of two treatment groups for dry needling or sham dry needling, delivered in 3 sessions a week for 2 weeks. The 160 patients
fulfilled the study requirements. The dry needling was applied in active trigger points located in the musculature of the head and the
neck. The patients received dry needling using sterile stainless-steel acupuncture needles of 0.25 x 40mm and 0.25 x 25mm
dimensions. The sham dry needling procedure was applied into the adipose tissue located at any area where an active trigger point
was absent. The primary outcome measurement was the headache intensity. Secondary outcomes were frequency and duration of
headache, and quality of life, assessed by the Short Form-36. All outcomes were measured at baseline, at the end of 2-week, and 1-
month follow-up period.

Results: In the dry needling group, intensity, frequency and duration of headache, and the scores of Short Form-36 subscales were
significantly improved after treatment (P < .05). In the dry needling group, all the effect sizes for headache variables were large.

Conclusions: The results of this clinical trial suggest that trigger point dry needling in patients with chronic tension-type headache
is effective and safe in reducing headache intensity, frequency and duration, and increasing health-related quality of life.

Trial registration: Clinical Trials NCT03500861.

Abbreviations: Cl = confidence interval, CTTH = chronic tension-type headache, DN = dry needling, GH = general health, GLM =
general linear model, HRQoL = health-related quality of life, HSI = headache severity index, ICHD-3 beta = the international
classification of headache disorders, 3rd edition (beta version), MH = mental health, P = bodily pain, PF = physical functioning, RE =
role limitations due to emotional problems, RP = role limitations due to physical health problems, s = standard deviation, SDN = sham
dry needling, SF = social functioning, SF-36 = short form-36, T1 = the end of therapy, T2 = a 1-month follow-up, TrPs = trigger

points, V' = vitality, VAS = visual analog scale, x = mean.
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1. Introduction

According to the 2013 Global Burden of Disease study, recurrent
tension-type headache is the second most common chronic
disease worldwide, with an age-standardized prevalence of
21.75%." Although high prevalence of chronic tension-type
headache (CTTH) has been reported in all world regions, it is also
one of the most frequently neglected disorders, and it leads to
headaches that are difficult to treat.” It receives much less
attention from healthcare professionals and researchers than
migraine does. The pathogenesis of CTTH is still unclear;
peripheral myofascial mechanisms (myofascial nociception) and
central mechanisms (sensitization and inadequate endogenous
pain control) are implicated to have a potential relationship with
the condition.>¥ Myofascial pain may play an important
etiologic role. It has been claimed that pain from the pericranial
head, neck, and shoulder muscles is associated with the head and
experienced as headache.'>*®! Simons et al described the referred
pain pattern as different myofascial trigger points (TrPs) in the
head and neck muscles, which produce pain characteristics that
are usually found in patients. Active TrPs are a cause of referred
pain, whereas latent TrPs may not be the source of pain. Within
the cervical musculature, there are several head and neck muscles,
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for example, temporal, masseter, upper trapezius, sternocleido-
mastoid, temporalis, sub-occipital muscles, from which TrPs
spread referred pain to the head.'!

There are several pharmacological and non-pharmacological
therapies for patients with CTTH. Non-pharmacological thera-
pies include behavior treatments, physiotherapy interventions,
and acupuncture. Physiotherapy is the most commonly used non-
pharmacological treatment for CTTH. Methods such as postural
control, relaxation, exercise programs, hot and cold packs,
ultrasound, mobilization and manipulation, electromyographic
biofeedback, and electrical stimulation are used for the
management of patients with CTTH.~'%" Although sports
and orthopedic physiotherapists have used dry needling (DN) for
a long time to address the pain and dysfunction associated with
myofascial TrPs,'") there is insufficient evidence to strongly
advocate for use of DN for treatment of CTTH."? In this
randomized, double-blind, parallel-group trial, we aimed to
explore the effectiveness of trigger point dry needling in patients
with CTTH in reducing headache intensity, frequency and
duration, and improve health-related quality of life (HRQoL).

2. Materials and methods

2.1. Participants

This randomized, double-blind, parallel-group trial was carried
out in a private clinic in Ankara, Turkey between April and
August 2017 after the approval of the Eastern Mediterranean
University BAYEK Health Ethics Subcommittee. A priori sample
size calculation was performed using the G Power software
(version 3.1.9.2) considering the statistical tests to be used in the
analyses and the conventional effect size values proposed by
Cohen."! It was estimated that 67 subjects would be needed in
both DN and sham dry needling (SDN) groups (o = 0.05, B =
0.20, and Cohen d=0.5) in order to determine the statistically
significant differences in study outcomes between the 2 groups.
Considering the drop-out risk of the subjects, this initial sample
size was increased by 25% in each group, and the final sample
size was determined to be 84 subjects in each group.
The inclusion criteria for the study were as follows:

(1) being between 20 and 50 years of age,

(2) having a diagnosis of CTTH based on the International
Classification of Headache Disorders, 3rd edition (beta
version) (ICHD-3 beta criteria),**!

(3) having at least one active TrP in given each muscle, and

(4) having pain intensity greater than 2cm on the Visual Analog
Scale (VAS).

Seven subjects were excluded from the study because they did
not meet the criteria for inclusion (Fig. 1).

A one-block randomization procedure was carried out using
the Random Allocation Software (version 1.0.0).'% In this
procedure, participants who were blinded to group allocation
were divided as group ‘DN’ or ‘SDN” by the second author (E.H.
T.). The participants were selected consecutively from 2
neurology clinics located in Ankara, Turkey. All participants
provided written informed consent prior to their participation in
the study.

2.2. Materials

In this study, headache intensity was the primary outcome
measure, and headache frequency, headache duration and quality
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of life were the secondary outcome measures. Pre-treatment,
post-treatment, and 1-month follow-up assessments were
performed by the same physiotherapist (G.E.) who was blinded
to the allocation concealment. During the treatment and follow-
up periods, the data related to the intensity, frequency and
duration of headache were collected by a headache diary. The
diary, along with the instructions, was given to the CTTH
patients at their first examination at the clinic. In this diary,
patients registered the frequency of headaches (days per week),
headache intensity and duration of each headache attack (hours
per day). Headache intensity was evaluated using a 10-cm
horizontal Visual Analog Scale (VAS; range: 0 =no pain and 10=
maximum pain)."

The HRQoL assessments of patients were performed at their
first examination and at the end of the follow-up period, using the
Turkish version of Short Form-36 (SF-36). The Turkish version
of SE-36 was previously validated.!'” It includes eight multi-item
domains containing 2 to 10 items each, plus a single item to
compare the current health of a person to their health one year
ago (health transition).""®! The domains cover the dimensions of
physical functioning (PF), role limitations due to physical health
problems (RP), bodily pain (P), general health (GH), vitality (V),
social functioning (SF), role limitations due to emotional
problems (RE), and mental health (MH). All items pertaining
to each domain (excluding health transition) are summed and
transformed to form a domain from 0 to 100, where a higher
score indicates a better state of health or well-being.

2.3. Procedure

The trigger point DN procedure was performed by a certified
physiotherapist (S.G.) who was not blinded to the group
allocation. There are 2 types of TrPs which can be come across
during manual examination. The points located in the palpable
taut band, which produce referred pain, local twitch response and
spontaneous pain are defined as active TrPs. Only active TrPs
were included in this study so the second type, latent TrPs defined
as foci of hyperirritability in a taut band of muscle, which are
clinically associated with a local twitch response, tenderness and/
or referred pain upon manual examination were not included.
Active TrPs were discriminated from latent TrPs by applying
pressure to several points and comparing them.

In terms of palpation methods, the pincer palpation method
was used for upper trapezius muscle while the flat palpation
method was used for other muscles (masseter, temporalis,
frontalis, splenius cervicis and capitis, and sub-occipital). A
pressure was applied on the all selected muscles for 10 seconds
elicited referred pain. Within the selection criterion of active TrPs,
a usual and/or familiar pain was recognized by the patient when
the referred pain elicited during examination reproduced at least
part of the TTH pain pattern. As a result, these active TrPs which
are most commonly seen in the population who has CTTH were
then selected for this study.

While the patient was sitting, the therapist firstly cleaned the
area with alcohol. Then, DN was applied into the active TrPs in
masseter, temporalis, frontalis, splenius cervicis and capitis,
upper trapezius and sub-occipital (rectus capitis posterior major
and minor, as well as obliquus capitis inferior and superior)
muscles on the basis of the technique described by Hong."”! The
needle remained in the trigger points for 20 minutes. Upon
removal of the needle, the area was compressed firmly with a
cotton swab for 60 secs. The DN procedure used sterile stainless-
steel acupuncture needles of 0.25x40mm and 0.25 x 25 mm
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Figure 1. Flow diagram.

dimensions (Hua Long ). DN was applied three times a week for 2
weeks, in previously diagnosed active trigger points located in the
musculature of the head and the neck. Since weekly calculation of
the headache index was aimed in the study, DN was applied until
the end of the treatment sessions even if the active TrPs became
latent TrPs in the other sessions. In the SDN group, three times a
week for 2 weeks, the SDN procedure was applied into the
adipose tissue located at any area where an active TrP was absent.
The patients in both groups were requested not to use any
analgesic medication during the treatment and follow-up periods.

2.4. Statistical analysis

All statistical analyses were carried out with the IBM SPSS
Statistics software version 20.0. Before the statistical tests were
conducted, we checked potential outliers and missing data. While
deciding to use parametric or nonparametric tests, normal
distribution assumptions of the data were checked with Shapiro-
Wilk test. We derived a weekly headache severity index (HSI)
using the data on the headache diary for use in evaluations in the
treatment and follow-up periods: HSI=(frequency (day /
week)) x (duration (total headache hours in a week / frequency))
x (intensity (total headache intensity in a week / frequency)). We
calculated the headache index at the end of the week. For multiple
comparisons, we used Friedman test. We used post-hoc Wilcoxon
Signed-Rank test for the pairwise comparisons, when Friedman
test showed there were statistically significant differences between
the measurements. We used Mann-Whitney U test to compare 2

different sample means. Chi-Square test was used to compare the
categorical variables. Significance level was set at P<.05. In the
case of a significant difference of pre-treatment measurements
between groups, we used the General Linear Model (GLM) for
comparison of post-treatment measurements. The data were
presented both with a point estimate and 95% confidence interval
(CI) estimate.?%! Statistical analyses were interpreted along with
P values and 95% ClIs, as proposed by Andrea Knezevic.*"! To
estimate the size of treatment effects, we calculated Cohen d’
effect size using the following formulae: where spooicd =1/ [(s1%+
$5%) / 2] (d=Cohen’s d; x=mean; s=Standard deviation).”*?!
Effect size was interpreted as small (d=0.2), medium (d=0.5)
and large (d=0.8) based on the benchmarks suggested by
Cohen.!"?!

3. Results

Eight patients were treated with neither DN nor SDN protocols
due to the exclusion criteria of the trial. There were no active TrPs
in 5 of them. Two patients had pain intensity lesser than 2cm on
the VAS. In the SDN group, 1 patient was not included in the
statistical analysis because he reported taking tricyclic antide-
pressant medication during the second week of treatment. Thus,
the statistical analyses were conducted on the data collected from
160 subjects, including 80 subjects in each group (Fig. 1).

As shown in Table 1, the demographic and pre-treatment
clinical characteristics of the subjects were similar in both groups
(all P values>.05). In the pre-treatment assessment, the subjects
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Table 1
Demographic and pre-treatment clinical characteristics of the subjects who participated into the study, (95% CI).

Groups
Variables DN (n=80) SDN (n=80) P value
Age, years, x+$ 36.7+7.6 (35.0 — 38.4) 36.0+8.3 (34.2 — 37.8) 601"
Gender, female, n (%) 41 (51.3) (40.5 — 61.9) 44 (55.0) (44.1 — 65.4) 6357
Headache intensity, cm 45+1.0 4.3 —4.7) 46+1.2 (43— 4.9 692
Headache frequency, day/month 185+2.7 (179 — 19.1) 18.0+2.4 (17.56 — 18.9) .356*‘
Headache duration, hr/day 3.9+07 38—4.1) 3.8+09 3.6 — 4.0 292

DN=Dry needling, SDN=Sham dry needling.
Mann-Whitney U test.
¥ Chi-square test.

Short Form-36 subscales’ scores of the subjects who participated into the study at the pre-treatment period, x +s, (95% CI).

Groups
SF-36 subscales DN (n=80) SDN (n=80) P value”
Physical functioning 62.8+6.4 (61.4 — 64.2) 61.9+5.3 (60.7— 63.1) 338
Role physical 55.8+11.1 (63.3 — 58.3) 54.0+121 (51.3 — 56.7) .391
Bodily pain 43.6+6.9 (42.1 — 45.1) 42.6+7.7 (409 — 44.3) A4
General health 52.2+8.0 (50.4 — 53.9) 456 +8.7 (43.7 — 47.9) .001
Vitality 47.4+9.1 (454 — 49.4) 46.8+8.2 (44.9 — 48.6) 731
Social functioning 57.5+7.9 (5.7 — 59.3) 49.7+10.1 475 — 51.9) .001
Role emotional 49.4+18.5 (45.3 — 53.9) 37.3+221 (324 — 42.2) .001
Mental health 58.4+7.9 (56.6 — 60.2) 53.1+9.3 (50.0 — 55.2) .001

DN=Dry needling, SDN=Sham dry needling, SF-36 =Short Form-36.
Mann-Whitney U test.

in the SDN group reported poorer health in comparison to the
subjects in the DN group for the GH, SF, RE and MH domains
(Table 2).

Table 3 shows the comparisons of headache intensity,
frequency, and headache duration prior to treatment, at the
end of therapy and at a 1-month follow-up. The Friedman test
revealed statistically significant differences between measure-
ments in both groups (all P values<.05). In the DN group,
pairwise comparisons which were made with Wilcoxon Signed-
Rank test revealed that there were statistically significant
differences for all headache variables (all P values <.05), with
the exception of headache duration in the period from post-
treatment to follow-up (P=.089). For the variables of headache
intensity and duration, the 95% CI of the difference between
post-treatment and follow-up measurement covered the
value of zero. In the SDN group, pairwise comparisons made
with Wilcoxon Signed-Rank test revealed that there were
statistically significant differences for all headache variables (all

P values <.05). There were no overlaps in the 95% ClIs of
the pre-treatment, post treatment, and the follow-up measure-
ments for the variable of headache frequency, with the
exception of all other measurements. The 95% CI of the
difference between the post-treatment and follow-up measure-
ments on the variable of headache intensity did not cover the
value of zero. The 95% CI of the difference between pre-
treatment and follow-up measurements on the variable of
headache duration did not cover the value of zero. Comparison
of weekly headache index trends in the DN and SDN groups
revealed significant differences between the groups (Fig. 2). In
the DN group, the Friedman test and post-hoc Wilcoxon
Signed-Rank test revealed that headache indices in the first two
weeks were significantly higher than the ones in the other weeks
(all P values<.0S5).

Table 4 shows the comparisons of the SF-36 subscale scores of
the groups at the 1-month follow-up. The Mann-Whitney U test
revealed statistically significant differences between the groups on

Comparisons of headache intensity, frequency and headache duration at prior to treatment, at the end of therapy and at a 1-month follow-

up, x=+s, (95% ClI).

Time
Groups Headache variables Pre-treatment Post-treatment Follow-up P value”
DN Intensity 45+1.0 4.3 —4.7) 0.7+0.8 (0.5 — 0.9 09+09 0.7 — 1.1) .001
Frequency 185+2.7 (17.9 — 19.1) 3.8+1.8 (34— 4.2 49+2.8 (4.3 —5.5) .001
Duration 39407 38 —4.1) 0.7+0.8 (0.6 — 0.9 0.7+0.6 (0.5 — 0.8 .001
SDN Intensity 46+1.2 (4.3 —49 46+0.7 (44— 4.8 49+0.7 4.7 —5.1) .003
Frequency 18.042.4 (17.5 — 18.5) 79420 (7.5 — 8.3 16.3+2.6 (157 — 16.9) .001
Duration 3.8+0.9 (36 — 4.0 39+1.0 37— 4.2) 41+0.8 39— 43 .001

DN=Dry needling, SDN=Sham dry needling.
Friedman test.
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Figure 2. Comparison of weekly headache index trends in the DN and SDN groups.

the subscales of SF, RF, P, and V. GLM revealed statistically
significant differences between the groups on the GH, SF, RE, and
MH subscales after controlling for the differences of the initial
measurements. Table 5 shows the estimated Cohen d effect sizes
for headache intensity, frequency, and headache duration at the
end of therapy (T1) and at the 1-month follow-up (T2). In the DN
group, all effect sizes for the headache variables were large. A
large effect was found in the SDN group only for the
headache frequency for T1 (Table 5). Table 6 shows the
estimated Cohen d effect sizes for the Short Form-36 domains at
the 1-month follow-up.

3.1. Adverse effects

Five of the patients in each group experienced pain and fear
during the procedure.

4. Discussion

Based on the statistical significance and clinical effectiveness, the
results of this randomized, parallel group, sham-controlled,
double-blind, single center clinical trial suggest that trigger point
dry needling in patients with CTTH is effective and safe in
reducing headache frequency, intensity and duration, and

Comparisons of the Short Form-36 subscales’ scores of groups at the 1-month follow-up, x+s, (95% CI).

Groups
SF-36 subscales DN (n=80) SDN (n=80) P value
Physical functioning 77.6+4.3 (76.6 — 78.6) 63.0+59 (61.7 — 64.3) .0011‘
Role physical 85.9+14.3 82.7 — 89.1) 55.9+11.4 (5634 — 58.4) 001"
Bodily pain 80.3+10.0 (78.1 — 82.5) 45.9+7.8 (44.2 — 47.6) 001"
General health 75.1+6.8 (73.6 — 76.6) 50.4+9.3 (48.3 — 52.9) .0017
Vitality 73.0+8.1 (71.2 — 74.8) 48.7+9.6 (46.6 — 50.8) 001"
Social functioning 81.1+8.2 (79.3 — 829 53.3+14.8 (50.0 — 56.6) .0017
Role emotional 85.4+17.5 (81.5 — 89.3) 48.6+16.9 (44.8 — 52.4) 0017
Mental health 81.9+11.3 (754 — 84.4) 55.5+9.2 (563.5 — 57.9) .0017

DN=Dry needling, SDN=Sham dry needling, SF-36 = Short Form-36.

) Mann-Whitney U test.

" General Linear Model (GLM).

Estimated Cohen d’s effect sizes for headache intensity, frequency and headache duration at the end of therapy and at a 1-month follow-

up, (95% CI).

Groups
DN SDN
Headache variables T T2 T T2
Intensity 4.2 (3.6 — 4.8 33 (36—43 0(~03—039 -03 (-06—0)
Frequency 6.4 5.6 —7.2) 49 (4.3 —5.6) 46 (39—52) 0.7 04— 1.0
Duration 43 (3.7 — 4.8 49 (4.3 — 5.5) —0.1 (=04 —02) —04 (-0.1 —0.7)

DN=Dry needling, SDN=Sham dry needling, T1=the end of therapy, T2=a 1-month follow-up.
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Estimated Cohen d’s effect sizes for the Short Form-36 domains at
the 1-month follow-up, (95% CI).

SF-36 subscales DN SDN
Physical functioning 2.7 23— 3.1) 02 (-0.1—05)
Role physical 24 (1.9—28 0.2 (-0.1—0.9)
Bodily pain 43 (3.7 —4.8) 0.4 0.1 —0.7)
General health 31 @26 —35) 05 02—08
Vitality 3.0 25—34) 02 (-0.1—105)
Social functioning 29 2.5 —34) 0.3 (0.03 —0.6)
Role emotional 20 (1.6 —24) 0.6 0.3— 0.9
Mental health 24 20—28 0.3 (0.03 — 0.6)

DN=Dry needling, SDN=Sham dry needling, SF-36 =The Short Form-36.

increasing health-related quality of life. Effectiveness of treatment
begins in the first week of therapy and continues throughout the
second week and follow-up periods.

DN refers to insertion of thin monofilament needles without
using a chemical agent. It is a new treatment modality used by
physicians and physical therapists as a part of complex treatment
of chronic musculoskeletal pain.”*! DN of myofascial TrPs in
patients with CTTH is becoming an increasingly common
therapeutic approach despite the scarcity of research-based
evidence supporting its use. A recent systematic review suggested
that further research with a stronger methodological design is
required because of insufficient evidence."?! In our double-blind
randomized study conducted based on the criticisms on this
systematic review, insertion of a dry needle into the active TrPs
resulted in a significant decline in the mean headache index scores
in comparison to sham therapy, where needles were inserted into
incorrect points. This decline started at the end of the first week
and continued in the second week. The headache index scores
were stable in the follow-up period. This finding suggests that DN
treatment in 3 sessions per week for 2 weeks is an effective
intervention in management of CTTH. Based on the calculated
effect sizes, we may conclude that DN is effective especially in
reduction of pain intensity and duration. Interestingly, headache
frequency was significantly lower in the post-treatment and
follow-up periods than the pre-treatment in the SDN group.
However, the clinical effectiveness for this outcome, expressed as
effect size measurement, did not continue at the end of the follow-
up period. So, from a statistical point of view, this finding may be
explained partly by the placebo effect or the Hawthorne effect.
On the other hand, it should be emphasized that effectiveness of
interventions for headaches should be based on not only
frequency, but also duration and intensity, as well as the ultimate
goal of improving quality of life.

Chronic headaches reduce the quality of life for those who
suffer from them and adversely affect the patient’s family, as well
as the society.**! For people with CTTH, HRQoL as measured
with SF-36, seems to be as low as it is for migraineurs.'*’!
Holroyd et al reported that CTTH patients had lower scores on
Short Form-20 in comparison to controls, while their emotional
well-being, sleep and energy levels were significantly impaired./*®!
Our study revealed that, in the DN group, all domains of quality
of life measured on SF-36 improved significantly from pre-
treatment to 1-month follow-up. Based on this finding, we
suggest that DN is effective not only on the physical health of
CTTH patients but also on their both mental and social
health.

Medicine

In our study, long-term effects of DN were not investigated.
This is the main limitation of the study. A longer follow-up period
would be required to determine how long the effects would last.

These results suggest that DN is effective and safe in reducing
headache frequency, intensity and duration, and increasing
HRQoL in patients with CTTH. However, our results may not be
generalized to the population of all people diagnosed with
CTTH. Further trials, particularly those comparing DN to other
treatment modalities, are needed.
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