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Objective. The aim of this study was to compare the efficacy of three interventions for the treatment of myofascial chronic neck
pain. Methods. Thirty-six patients were randomly assigned to one of three intervention groups: orthopedic manual therapy (OMT),
dry needling and stretching (DN-S), and soft tissue techniques (STT). All groups received two treatment sessions with a 48 h time
interval. Outcome measures included neck pain intensity measured using a visual analogue scale, cervical range of motion (ROM),
pressure pain threshold for measuring mechanical hyperalgesia, and two self-reported questionnaires (neck disability index and
pain catastrophizing scale). Results. The ANOVA revealed significant differences for the group x time interaction for neck disability,
neck pain intensity, and pain catastrophizing. The DN-S and OMT groups reduced neck disability. Only the OMT group showed
decreases in mechanical hyperalgesia and pain catastrophizing. The cervical ROM increased in OMT (i.e., flexion, side-bending,
and rotation) and DN-S (i.e., side-bending and rotation) groups. Conclusions. The three interventions are all effective in reducing
pain intensity. Reduction in mechanical hyperalgesia and pain catastrophizing was only observed in the OMT group. Cervical ROM
improved in the DN-S and OMT groups and also neck disability being only clinically relevant for OMT group.

1. Introduction There have been many studies to determine the causes of

neck pain, but there remains a lack of knowledge about the

Neck pain is one of the most frequent pain conditions; the
prevalence of neck pain in the general population has been
estimated between 10% and 15%, being more common in
females than in males [1]. In a recent study, the prevalence of
neck pain in the adult Spanish population has been estimated
at 19.5% [2].

etiology of this condition. Myofascial pain (MP) is a common
variety of such pain, usually caused by myofascial trigger
points (MTrPs) [3]. The MTrPs in the neck muscles have been
associated with a possible source of referred facial and cranial

pain [3].
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Myofascial trigger points (MTrPs) in the muscles of the
neck and shoulder often coexist with neck pain conditions
and can contribute to the symptoms [4]. Therefore, there is
increasing evidence that MTrPs often play a role in the symp-
toms of patients with neck pain [5]. The muscle most often
affected with the presence of MTrPs in the neck region is the
trapezius muscle [6, 7], specifically the upper fibers, and this
is the most hyperalgesic muscle of the neck and shoulder [8].

Active MTrPs are defined as hyperirritable spots within a
taut band in skeletal muscles that are painful on compression
and when stimulated (by digital compression or dry needling)
can evoke a characteristic pattern of referred pain and related
autonomic phenomena [3]. These findings are supported by
other outcomes such as altered EMG activity, which has also
been associated with chronic neck pain [9, 10]. In other recent
studies, an altered motor control strategy of the trapezius
muscle during isometric shoulder exercise has been reported
(11].

Other major locations responsible for neck pain in
patients are the articular zygapophysial joints (facet joints)
[12]. Some studies have determined the prevalence of painful
zygapophysial joints in patients with neck pain by blocking
the medial branch of the spinal dorsal horn, with very positive
results for the reduction of pain [12].

The majority of patients with chronic neck pain are
treated in primary care by either medical intervention or
physiotherapy [13]. Manual therapy, such as manipulation
and mobilization, is frequently used for the treatment for
neck pain and has great support in Cochrane reviews [14].
The preferred techniques for the treatment of articular origin
pain are the manipulation or mobilization of the affected
segments; the handling achieves a more immediate effect
in reducing the pain, whereas the mobilization effect acts
in the medium-to-long term [15, 16]. It has been shown
that the mobilization has an effect on pain perception in
patients with neck pain [17, 18]. Neurophysiologic effects
have been demonstrated after mobilization techniques have
been applied over the cervical spine [18]. However, a recent
systematic review [14] reported that there is a lack of evidence
to allow definitive conclusions about which groups of patients
will benefit the most from what type of manual therapy
technique (manipulation or mobilization) applied.

Many forms of treatment, such as ischemic compression
(19, 20] and dry needling [21-24], have shown positive
effects of reduction of pain intensity when they are applied
at the MTrPs in the trapezius muscle of patients with neck
pain. Furthermore, in a systematic review, it was concluded
that the effect of injection therapies is likely to be due to
the physical prick of the needle rather than to the type of
substance injected [25].

Experts recommend that a multimodal approach must
be investigated in patients with neck pain [26], because the
clinical patterns of patients often do not respond to a single
intervention, but they do with a multimodal approach. This
is because, in real cases, patients with neck pain may present
several disorders, and the symptoms of the patients therefore
do not automatically respond to a single treatment.

In our investigation, a randomized clinical trial was
designed to respond to three objectives: (1) to compare the
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efficacy of orthopedic manual therapy (OMT), dry needling,
stretching (DN-S), and soft tissue techniques (STT) for the
treatment of MTrP in patients with myofascial chronic neck
pain, (2) to compare the treatment effects over disability and
catastrophizing in patients with neck pain, and finally (3)
to evaluate the likely neurophysiological effects produced by
these techniques in the neck.

2. Materials and Methods

2.1. Research Design. A randomized, single-blind study
design was used. An independent “blind” assessor made the
measurements and registered the data. Patients were ran-
domly allocated to one of three different intervention groups
(DN-S group, STT group, and OMT group) performed by
a computer-generated random-sequence table created before
the start of the study with GraphPad software (GraphPad
Software, Inc., CA 92037, USA).

2.2. Participants. Participants were recruited from the Public
Valleagudo Primary Health Care Center in Coslada, Madrid,
Spain. Patients with cervical pain of muscular origin were
referred and screened for possible eligibility criteria. In this
research we defined cervical pain as mechanical pain in the
cervical muscles, which can be provoked both by maintained
postures and by movements. Patients were selected if they
met all of the following criteria: (a) bilateral pain involving
the upper trapezius and elevator muscle of the scapula; (b)
a duration of pain of at least 3 months; (c) a pain intensity
corresponding to at least 20 mm on a 100 mm visual analogue
scale (VAS); (d) neck pain with symptoms provoked by either
neck postures or neck movement; (e) pain localized at least
in the cervical and occipital regions but not in the orofacial
region; (f) neck disability index (NDI) [27, 28] greater than or
equal to 15 points; (g) restricted cervical range of movements
(flexion, extension, rotation, and side-bending); (h) presence
of bilateral MTrPs in upper trapezius and levator scapulae
muscles. MTrPs were diagnosed according to the following
criteria [29]: (1) presence of a palpable taut band in skeletal
muscle, (2) presence of a hypersensitive tender spot within
this taut band, and (3) reproduction of referred pain in
response to MTrP compression. In order to meet the criteria
to participate in the study, patients had to pass an initial
physical examination performed by a single investigator to
rule out the presence of nerve root compression. (i) Patients
were between 18 and 75 years of age.

Patients were excluded if they presented any signs,
symptoms, or history of the following diseases: (a) orofa-
cial pain and temporomandibular disorders according to
the Research Diagnostic Criteria of Temporomandibular
Disorders (RDC/TMD); (b) a history of traumatic injuries
(e.g., contusion, fracture, and whiplash injury); (c) sys-
temic diseases such as fibromyalgia, systemic erythematous
lupus, and psoriatic arthritis; (d) neurologic disorders (e.g.,
trigeminal neuralgia or occipital neuralgia); (e) concomitant
medical diagnosis of any primary headache (tension type
or migraine); (f) unilateral neck pain; (g) cervical spine
surgery; (h) clinical diagnosis of cervical radiculopathy or
myelopathy; (i) needle phobia; (j) history of previous physical
therapy intervention for the cervical region.
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Each participant received a thorough explanation about
the content and purpose of the treatment before signing an
informed consent form relative to the procedures. All of the
procedures used in this study were planned under the ethical
norms of the Helsinki Declaration and were approved by the
local ethics committee.

2.3. Demographic and Clinical Data. Each of the eligible
patients had to complete a basic questionnaire to determine if
they met the criteria for inclusion or exclusion. This question-
naire included demographic data (gender, age, height, and
weight), a body chart where patients had to mark the location
of their pain, and several questions about their characteristics
of their pain; for example, when did it start? How does it
worsen or alleviate? What kind of pain is it?

2.4. Self-Report Questionnaires. The following questionnaires
have been used to asses psychological and disability variables:
the Spanish version of the Pain Catastrophizing Scale (PCS)
[30, 31] was used to measure the catastrophic level associated
with pain and the Spanish version of the NDI [27, 28] to
measure perceived neck disability in order to quantify the
psychophysical state of the patients. All patients included in
the research had to complete all these questionnaires before
the first intervention and a week after the last intervention
(follow-up period).

2.4.1. Pain Catastrophizing. The PCS instructions ask partic-
ipants to reflect on past painful experiences and to indicate
the degree to which they experienced each of 13 thoughts or
feelings (items) when experiencing pain. Items are scored on
a 5-point scale with the end points “0” (not at all) and “4” (all
the time). The PCS yields a total score ranging from 0 to 52.
Three subscale scores can be obtained assessing rumination,
magnification, and helplessness. The Spanish version of the
PCS has been used in this research. It also showed appropriate
internal consistency (Cronbach alpha = 0.79) and test-retest
reliability (intraclass correlation coefficient = 0.84) [31].

2.4.2. Neck Disability Index (NDI). It consists of 10 items
assessing different functional activities and uses a 6-point
Likert scale ranging from 0 (no disability) to 5 (complete
disability). The overall score (out 0f100) is obtained by adding
the score for each item and multiplying by 2. A higher score
indicates greater pain and disability. The validated Spanish
version was used in this study [27]. The minimum detectable
change is 5 points out of 50, and it is recommended that 7
points is the minimum clinically important difference [32].

2.5. Outcome Measures. Outcome measures included neck
pain intensity measured with VAS, the cervical range motion
(ROM), and the pressure pain threshold (PPT) for measuring
the mechanical hyperalgesia. Measurements were performed
before the first treatment session (baseline), after the first
session (post 1), after the second session (post 2), and one
week after the last measurement (follow-up period).

2.5.1. Visual Analogue Scale (VAS). A VAS was used to
measure pain intensity before and after each treatment.

The VAS comprises a 100 mm horizontal line from 0 mm
representing “no pain” to 100 mm representing “pain as bad
as you can imagine”. The patient placed a mark on the line at
the point that they felt represented their intensity at the time,
which was quantified by the assessor in mm. This scale has
proven its reliability and validity for the measurement of pain
intensity [33].

2.5.2. Pressure Pain Threshold (PPT). PPT is defined as the
minimum amount of pressure needed to provoke a pain
sensation [34]. We used a digital algometer (Model FDX 10,
Wagner Instruments, Greenwich, CT, USA) that consists of
a rubber head (1cm?) attached to a pressure gauge which
measures in kg, with thresholds expressed in kg/cm?®. The
protocol was a sequence of three measurements, with an
interval of 30 seconds between each. The average of the three
outcomes was calculated in order to obtain only one value
for all the measured points in each of the assessments. This
algometric method has a high reliability (ICC = 0.91, IC of
95%: 0.82-0.97) for PPT measurement. PPT were assessed at
one point in the C5 zygapophysial joint and upper trapezius,
all of them bilaterally. The device was applied perpendicular
to the skin. The patients were asked to raise their hand at the
moment the pressure started to change to a pain sensation,
at which point the assessor stopped applying pressure. This
sequence was performed three times. Anatomic references for
the algometric measurements were C5 zygapophysial joint:
2 cm lateral to the spinous process of C6; trapezius muscle:
2.5 cm above the superior medial angle of the scapula.

2.5.3. Cervical Range of Motion (CROM). Cervical ROM
was measured with a cervical goniometer called a CROM.
This device has three inclinometers, one at each plane of
movement. A plastic glasses-like support houses two of
the inclinometers which allows the measurement of flexion,
extension, and side-bending of the neck. Adding another part
of the device with the third inclinometer and the magnets
around the neck allows rotations to be measured. The subjects
were instructed to sit upright, relax their shoulders, and rest
their hands on their thighs, with hips and knees flexed at
90°. Different verbal commands were given to the subjects
to perform the neck movements properly. For flexion, “bring
your chin downwards and then tilt your head forwards as
far as possible”; for extension, “bring your chin up and then
tilt your head backward as far as possible”; for side-bending,
“bring your ear toward your shoulder as far as possible, main-
taining your face to the front and not moving your shoulder™;
for rotations, “turn your head to the side without moving
your shoulders”. All movements had to be done without
pain. In some of the subjects the movement had to be hand-
guided to achieve a proper movement. This procedure has
demonstrated its reliability in patients with neck pain [35].

2.6. Procedure. Once the subjects went through the final
assessment and were included in the research, a random-
ization into three groups was performed. The DN-S group
received dry needling and stretching; the STT group received
soft tissue techniques treatment focused on the muscle; the



OMT group received an OMT focused in joints and nerves.
All groups received two treatment sessions, with a 48h
interval between them.

2.6.1. DN-S Group. DN-S group received two treatments of
bilateral dry needling on levator scapulae and upper trapezius
muscles and a passive stretching technique. We chose those
muscles because they are more affected in patients with neck
pain [36]. The needling technique applied was performed
according to the method of Hong et al. The needles used were
0.26 x 25mm. The technique began with palpation of the
active MTrP localizing the more sensitive taught band of the
muscle. The needle was inserted in the direction of the taught
band and perpendicular to the skin and was directed to the
muscle MTrP until a first local twitch response was provoked.
Then, the needle was inserted and withdrawn; the local
twitch response was perceived by the therapist as a transient
and involuntary contraction of the taut band. The needle
insertions were repeated to achieve at least three local twitch
responses. Then, the needle was withdrawn. The needling
procedure at each MTrP lasted about 2 minutes. Once the
needle was withdrawn, firm compression was exerted on the
insertion site for 40 seconds to avoid excessive bleeding.

Following the needling procedure, a passive stretching
to the levator scapulae and trapezius muscles was applied
bilaterally for 20 seconds to each muscle.

2.6.2. STT Group. These patients received a bilateral OMT
treatment based on the ischemic compression technique
over both the levator scapulae and upper trapezius muscles,
but also a dynamic soft tissue mobilization (DSTM) was
applied on the upper trapezius for four minutes. For the
ischemic compression technique, the physiotherapist (PT)
applied gradually increasing pressure to the MTrP until the
patient felt the sensation of pressure changed into pain; at that
time the pressure was maintained until the discomfort eased,
at which moment the pressure was increased until discomfort
was again perceived by the patient. This process was repeated
for 90 s while the patient was lying prone. This technique has
been used in previous studies [19, 20].

The DSTM are a group of techniques used to treat the
muscle, a direct stimulus over a specific region of the muscle
(pressure, gliding pressure, etc.) added to stretching of the
muscle or a mobilization of the closest joint or both together.

For group 2, a DSTM over the trapezius muscle was
used. The patient was in lateral decubitus; the PT positioned
one hand over the acromion and the other hand at the
distal part of the upper trapezius. The technique consisted of
performing a circular movement of the scapular belt while a
slow gliding pressure was applied over the trapezius muscle
in the direction to the occipital bone while the muscle was
in a relaxed position. When the shoulder was depressed and
therefore the muscle was stretched, nothing was performed
over the muscle but the stretching itself. The technique was
applied bilaterally for two minutes.

2.6.3. OMT Group. OMT group received an OMT protocol
with a neural/joint approach, with three techniques: (1)
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anterior-posterior upper cervical mobilization (APUCM)
with wedge (four min); (2) the cervical lateral glide
mobilization technique at C4 and C5 (two min each
side); and (3) neural thoracic mobilization with wedge
(four min):

(1) APUCM: with the patient lying supine with a neutral
position of the cervical spine, the wedge was posi-
tioned under the C2 spinous process. The PT held
the occipital region of the patient with both hands
to stabilize and maintain the position of the upper
cervical structures, while with the anterior part of
his shoulder applying a posteriorly directed force on
the frontal region of the patient (anterior to posterior
force). The mobilization was applied at a slow rate of
one oscillation per two seconds (0.5Hz) controlled
with a digital metronome MA-30 (Korg Inc., Japan).
The total time of mobilization was four minutes,
applied for two intervals of two minutes each, with
30 seconds rest in between. This technique has been
used in previous studies [37].

(2) Cervical lateral glide mobilization technique: with the
patient in a supine position, the PT cradled the head
and neck of the patient and, including the levels to
be treated (C4-C5), performed a lateral translatory
movement while minimizing gross cervical side flex-
ion or rotation [38, 39], spending two min at each
point and side and a total of eight min. This technique
has been used in previous studies [38-40].

(3) Neural thoracic mobilization: patient was lying
supine, with both knees in flexion and one leg crossed
over the other, maintaining the knees together. A
wedge is placed under the patients back, with the
upper side at T4-T5 level. The PT holds the head
with the forearm in a craniocervical flexion and
submaximal cervical flexion; the hand is placed under
the spine at the mobilization level, to ensure the
vertebrae are mobilizing. A towel is placed over the
sternum of the patient and the other hand of the PT
is placed over the towel to exert an anterior-posterior
pressure. This is a dynamic technique; the patient
is asked to extend the crossed leg without losing
the knee-knee contact, and when the patient again
flexed the knee, the PT applied the pressure over the
sternum.

2.7 Statistical Analysis. Data were analyzed using the SPSS
software package, version 19 (SPSS, Chicago, IL). Normal
distribution was confirmed with the Shapiro-Wilk test (P >
0.05) for NDI, PCS, and VAS variables, so parametric
statistics were used. Means and standard deviations were
calculated for each variable. The baseline and demographic
data at pretreatment were compared among groups using a
one-way analysis of variance (ANOVA). A 2-way repeated
measures ANOVA was performed to evaluate the effect in all
the variables, with intervention (DN-S group 1, STT group 2,
and OMT group 3) and time (before treatment, immediately
after the first session, after the second session, and one week
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Assessed for eligibility
(n=41)

Excluded (n = 5)

(i) Not meeting the inclusion criteria

(n=3)

(ii) Declined to participate (n = 2)

Randomized (n = 36)

Allocated to receive DN-S

n=12) (n=12)

Did not receive allocated
intervention (n = 0)

Allocated to receive STT

Did not receive allocated
intervention (n = 0)

Allocated to receive OMT
(n=12)

Did not receive allocated
intervention (n = 0)

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Analyzed (n = 12)

Excluded from analysis (n = 0)

Analyzed (n = 12)

Excluded from analysis (n = 0)

Analyzed (n = 12)

Excluded from analysis (n = 0)

FIGURE 1: Flow fiagram.

after treatment) as factors. Tests of within-patients post hoc
simple effects (i.e., changes in time for all variables for each
group separately) were performed with Bonferroni correc-
tions. Partial eta-squared (17;) was calculated as a measure of
effect size (strength of association) for each main effect and
interaction in the ANOVAs, with 0.01-0.059 representing a
small effect, 0.06-0.139 a medium effect, and > 0.14 a large
effect [41].

The PPTs and CROM variables did not meet the nor-
mal distribution test, so nonparametric statistics were used.
Descriptive statistics were used to summarize the data,
including means and SDs, medians, and interquartile ranges
(IQR) for continuous data. The Kruskal-Wallis test was used
for the analysis and was used to compare data among the
three groups to baseline data. The Friedman test was used
to analyze the change from the intragroup results, and the
Wilcoxon signed rank test was used for post hoc intragroup

comparisons. In all statistical comparisons, P < 0.05 was used
as the criterion for statistical significance.

3. Results

Thirty-six patients (7 males and 29 females) with chronic
mechanical neck pain, aged 18 to 73 years (mean 49.5 + 13.05
years; mean height 160 + 7 cm; mean weight 66 + 13 kg), were
included in this study and assigned to one of three groups
(Figure 1). No significant differences were found between
groups for age (F = 1.19, P = 0.31), height (F = 0.6,
P = 0.55), weight (F = 2.72, P = 0.08), and NDI (F =
0.19, P = 0.82), and pain duration (F = 2.1, P = 0.13).
However, significant differences between groups appeared for
pain intensity (F = 3.38, P = 0.04). Demographic and clinical
data for each group are detailed in Table 1. There were no
subject drop-outs during the different phases of the study, and
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TaBLE 1: Demographic and clinical data of three groups at the beginning of the study.
Gender (male/female) 3/9 2/10 2/10 0.83
Age (years) 53.9 + 12.7 (45.8 to 62) 45.8 +15.4 (36 to 55.6) 48.7 +10.2 (42.2 to 55.2) 0.31
Height (cm) 159.1 + 7.4 (154.4 to 163.9) 160.8 + 8.2 (154.4 to 163.9) 162.5 + 6.9 (158.1 to 167) 0.52
Weight (kg) 71.1 + 8.3 (65.8 to 76.4) 69.5 +17.3 (58.5 to 80.5) 60.1+ 9.8 (53.8 to 66.4) 0.08
PCS 19.25 + 6.48 (15.13 to 23.36) 17.50 + 4.58 (14.58 to 20.41) 18.33 + 4.27 (15.61 to 21.04) 0.71
NDI (points) 175 + 5.5 (14 to 21.1) 175 + 4.5 (14.6 to 20.3) 18.9 + 3.4 (16.7 to 21) 0.69
Pain duration (months) 10.0 £2.9 (8.2t0 11.9) 11.8 + 4.4 (9 to 14.6) 14.0 £ 3.6 (11.7 to 15.4) 0.12
Pain intensity (VAS) 33.8 +11.7 (26.3 to 41.3) 50.2 +17.6 (39 to 61.4) 42.1+16.2 (31.8 to 52.5) 0.04"

Values are expressed as mean =+ standard deviation (95% confidence interval). * P < 0.05.

TaBLE 2: Comparison of changes in PSC and NDI over time for each treatment group.

Baseline Follow-up Follow-up versus baseline
Measure Groups
mean (SD) mean (95% CI) Mean difference (95% CI) P value

DN-S 19.2 + 6.4 18.2 (15.3 to 21.1) ~1.0 (-3.6 to 1.6) 0.45
PSC STT 175+ 4.5 16.4 (13.4 t0 19.3) -1.1(-3.7to L.5) 0.41

OMT 183 +4.2 13.1 (10.1 to 16.0) —5.2 (-8.0 to —2.6) 0.001"

DN-S 18.0+5.4 12.2 (8.6 t0 15.6) —5.8 (-9.1to-2.5) 0.001"
NDI STT 174 + 4.8 15.2 (11.6 to 18.7) -2.2(-5.5t01.0) 0.17

OMT 185+ 3.2 10.0 (6.5 to 13.5) —-8.6 (-11.8 to —5.2) 0.001"

PSC = pain catastrophizing scale, NDI = neck disability index, DN-S = dry needling + stretching, STT = soft tissue techniques, OMT = orthopedic manual

therapy, and 95% CI = 95% confidence interval. * P < 0.001.

no adverse effects were registered after the application of the
three treatments. None of the subjects started drug therapy
during the lifetime of the study.

3.1. Self-Report Psychological Questionnaires: Catastrophizing
and Neck Disability Outcomes. The ANOVA revealed signif-
icant differences for time factor (F = 35.29, P < 0.000;
17; = 0.51) and for group x time interaction (F = 3.84, P =
0.032; nf7 = 0.19) for neck disability. Statistical descriptive
data and post hoc results are represented in Table 2. For
catastrophizing, differences were found for time factor (F =
10.45, P = 0.003; 11}2, = 0.24) and for group x time interaction
(F = 3.44, P = 0.04 175 = 0.17).

The post hoc analysis showed significant differences in the
comparison between pretreatment and follow-up period (P <
0.001) for neck disability for groups 2 and 3. Descriptive data
and post hoc results are shown in Table 2.

The post hoc analysis showed significant differences in the
comparison between pretreatment and follow-up period (P <
0.001) for pain catastrophizing for group 3. Descriptive data
and post hoc results are shown in Table 2.

3.2. Visual Analogue Scale. The ANOVA revealed that sig-
nificant differences are present for time factor (F = 25.8,
P < 0.001; 7112, = 0.44) and group x time interaction (F = 5.0,
P < 0.001; 1112) = 0.23) regarding pain intensity. The post hoc
analysis found significant differences between pretreatment,

post 1, post 2, and follow-up data (P < 0.05) for pain intensity
in group 2 and group 3 (Table 3). However, regarding group
1, differences were found in the comparisons of pretreatment
with the follow-up period (P = 0.001), post 1 with follow-
up period (P < 0.001), and post 2 with follow-up period
(P < 0.001).

3.3. Pressure Pain Thresholds in the Cervical Region. In the
Kruskal-Wallis test, differences were found for PPT in C5-
C6 in post 1, post 2, and follow-up at two weeks (P <
0.05) and for PPT in trapezius muscle in the baseline, post
1, and follow-up at two weeks (P < 0.05). The Wilcoxon
test showed significant differences for PPT in C5-C6 and
PPT over trapezius outcomes when the baseline data were
compared with post 1, post 2, and follow-up at two weeks
for group OMT, but not for the groups DN-S and STT.
The Friedman test showed that, in the group OMT, the
PPT over C5-C6 and trapezius variables were found to be
statistically significant (P < 0.01), but not for groups DN-S
and STT. Comparisons between groups 1 and 3 at follow-up
and between groups 2 and 3 in post 1, post 2, and the follow-
up period for PPT over C5-C6 and between groups 1 and 2 at
follow-up and between groups 2 and 3 in post 1, post 2, and
follow-up period for PPT over trapezius were examined using
the Mann-Whitney U test. The results for PPT are presented
in Table 4.

3.4. Active Cervical Range of Motion Assessment. In the
Kruskal-Wallis test, differences were found for flexion and
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TABLE 4: Nonparametric tests of outcome data of pressure pain thresholds.
Median (interquartile range) Wilcoxon
Varicble Groups Pressure pain thresholds (PPT) Friedman  (a) Base versus post 1
Baseline Post Post Follow- ANOVA  (b) Base versus post 2
1 2 up (c) Base versus follow-up
(a) 0.721
2.34 2.42 2.88 2.09
DN-$ (116-329) (126-339) (128-3.65) (145-3.63) 0% Elc’)) o
(a) 0.239
2.19 1.74 1.57 2.25
STT (131-3.08) (0.88-214) (121-255) (L64-245)  °0°8 Elc’)) oo
C5-C6 (a) 0.006
OMT 1.94 3.05 3.60 3.11 0.001 (b) 0.003
(1.44-2.19) (2.16-4.37) (2.59-3.74) (2.81-3.92) (c) 0.002
K-w 0.612 0.008 0.019 0.011
Mann-Whitney U test
DN-S versus STT 0.729 0.073 0.166 0.908
DN-S versus OMT 0.354 0.224 0.325 0.043
STT versus OMT 0.487 0.002 0.003 0.002
(a) 0.937
3.13 3.20 3.52 2.85
DN-$ (1.42-4.45) (1.80-4.09) (1.30-4.31) (1.50-5.23) 0.682 EE)) 8'263398
(a) 0.530
2.19 1.84 1.78 2.49
STT (1.72-3.03)  (0.94-2.51) (1.33-2.83) (1.64-3.50) 0.117 Etc’)) g?g
. 0.005
Trapezius 3.15 324 3.65 406 (a)
OMT (1.62-324) (2.95-4.28) (3.21-3.68) (3.75-4.38) 0.001 Etc’)) 8'883
K-w 0.453 0.008 0.072 0.012
Mann-Whitney U test
DN-S versus STT 0.355 0.050 0.326 0.488
DN-S versus OMT 0.524 0.297 0.885 0.057
STT versus OMT 0.247 0.002 0.005 0.003

DN-S = dry needling + stretching, STT = soft tissue techniques, and OMT = orthopedic manual therapy.

K-W = Kruskal-Wallis test.

for extension in the follow-up at two weeks (P < 0.05).
The Wilcoxon test showed significant differences for flexion
outcomes when the baseline data were compared with follow-
up at two weeks for group 1 and when the baseline data were
compared with post 1, post 2, and follow-up at two weeks for
group 3, but not for group 2 (P < 0.05). Significant differences
were observed for side-bending outcomes when the baseline
data were compared with post 2 and follow-up at 2 weeks for
group 1 and when the baseline data were compared with post
2 for group 2, but not for group 3 (P < 0.05), and for rotation
outcomes when the baseline data were compared with post 2
for group 1 and when the baseline data were compared with
post 2 and with follow-up for group 3, but not for group 2
(P < 0.05). The Friedman test showed that, in group 3, the
flexion was found to be statistically significant (P < 0.01),
but not for groups 1 and 2, and, in groups 1 and 3, the side-
bending and rotation were found to be statistically significant
(P < 0.01), but not for group 2. In comparisons between
groups 1 and 3 at post 2 and follow-up and between groups 2
and 3 in follow-up period for flexion, between groups 1 and 3
at post 2 and follow-up and between groups 2 and 3 in follow-
up period for extension, and between groups 1 and 3 at post

2 for rotation, using the Mann-Whitney U test, the results for
CROM are presented in Tables 5 and 6.

4. Discussion

In the present study all groups experienced a statistically
significant improvement in neck pain intensity 1 week after
intervention in patients with myofascial chronic neck pain.
However, only the OMT and DN-S had an immediate effect
reducing neck pain intensity after the first and second
sessions. In addition, only the OMT group had a short term
hypoalgesic effect for reducing the catastrophizing level and
for increasing of CROM for flexion and extension, but not the
DN-S and STT groups. The DN-S and OMT groups showed
a short term effect reducing neck disability, but not the STT
group. There were no differences in side-bending and rotation
movements between groups, but the DN-S and OMT had an
increase of range of motion higher than the STT group.

4.1. Neck Pain Intensity. The effects of pain reduction pro-
duced by the three groups were at their strongest two weeks
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TABLE 5: Nonparametric tests of outcome data of cervical ROM (flexion and extension).

Median (interquartile range)

Wilcoxon

. Range of motion (ROM) in grades Friedman  (a) Base versus post 1
Variable Groups Baseline Post Post Follow- ANOVA  (b) Base versus post 2
1 2 up (c) Base versus follow-up
(a) 0.448
38.7 40 41.2 45
DN-$ (35.6-40) (30.2-49.37) (37-46.9)  (40-49.4) 0.085 E'C’)) g'ggg
(a) 0.325
40.0 46.2 50 40.5
STT (30.6-49.4)  (35-58.1) (32.2-56.9)  (32.5-50) 0.692 Elc’)) g'é(;i
Flexion OMT 100 457(35-55) 50(50-55) O 0.017 Efa))) 0007
(315-475) > (47.5-60) : () 0,008
K-W 0.804 0.626 0.070 0.036
Mann-Whitney U test
DN-S versus STT 0.557 0.467 0.338 0.622
DN-S versus OMT 0.883 0.369 0.009 0.014
STT versus OMT 0.597 0.816 0.517 0.046
(a) 0.169
46.25 50.7 50
DN-S (B7-5)  (40-594) (40.2-597) “0 (417-60) 0193 Elc’)) gézi
(a) 0.580
42.5 41.2 50
STT @75-60)  (306-50) U087 (56 507 0633 Elc’)) oo
Extension 48.75 60 (a) 0.526
OMT 50 (40-75) 62.5 (50-65) 0846  (b)0.477
(40-70) (57.5-63.7) () 0.074
K-w 0.491 0.332 0.080 0.005
Mann-Whitney U test
DN-S versus STT 0.794 0.210 0.839 0.726
DN-S versus OMT 0.257 0.816 0.044 0.022
STT versus OMT 0.381 0.195 0.062 0.001

DN-S = dry needling + stretching, STT = soft tissue techniques, and OMT = orthopedic manual therapy.

K-W = Kruskal-Wallis test.

after treatment (mean difference —20.5 mm, —15.9 mm, and
-32.7mm for DN-§, STT, and OMT, resp.) indicating that the
changes are clinically relevant, since the magnitude of change
of clinically important difference is established in 8.5 mm
[42]. The pain reduction represents a change of 39.3% for the
DN-S group, 68.3% for the STT group, and 89% for the OMT
group. Changes of 30% or more are considered to be clinically
meaningful improvements in spinal pain conditions [43]. The
DN-S group started at a lower level of pain intensity than
the others; this is why even though the mean difference at
follow-up is greater than in the STT group, the percentage of
pain reduction is the lowest of the three groups. The group of
DN-S had more pain after the first session, although 15 days
later the OMT and DN-S showed no differences. This could
be because the local twist response is necessary to obtain
positive effects producing pain and elicit referred pain. For
that reason, patients in the DN-S group could have had more
pain at the beginning of the treatment [44, 45].

Ay et al. did not find differences when comparing two
groups (2mL lidocaine 1% versus dry needling) for cervical
spine pain on pain intensity at 4 and 12 weeks after the
treatment [21]. Other studies showed similar results on pain

intensity when they compared the effect 1 week, 4 weeks,
and 12 weeks after one session of three different injections
(dry needling versus lidocaine 0.5% versus botulinum toxin
10-20U) in patients with myofascial pain syndrome and
headache [46]. Previous studies treating patients with MTrPs
in the neck region have reported pain relief after several
sessions (between 5 and 6 sessions) of ischemic compression
[47-49]. These outcomes agree with our study because we
obtained similar differences (15.9 mm) in the STT group.
However in a study in which ischemic compression was
applied after a single session of lidocaine injection over
MTrPs in patients with neck pain, the intensity improved
to 42mm one week after treatment [50], but that could be
because drug injection was carried out.

4.2. Outcomes Related to Catastrophizing. In current study
we have found that patients who received OMT have more
improvement of catastrophizing than DN-S and soft tissue
therapy. These are valuable findings because a previous
study has reported that catastrophizing and disability are
an important predictor of poor outcome in patients with
neck pain treated by physical therapy [51]. In a prospective
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TABLE 6: Nonparametric tests of outcome data of cervical ROM (side-bending and rotation).
Median (interquartile range) Wilcoxon
, Range of motion (ROM) Friedman  (a) Base versus post 1
Variable Groups Baseline Post Post Follow- ANOVA  (b) Base versus post 2
1 2 up (c) Base versus follow-up
(a) 0.858
66.2 62.2 70 70
DN-$ (50-71.9)  (60-75.6) (62.9-78.7) (63.7-78.7) 0.005 EE)) 8 'glzf
(a) 0.724
75 72 80.5 70.5
STT (61.2-81.9)  (68.1-775)  (70-95.6) (68.9-80.6) 0.062 EE)) 8'2278
Side-bending 80.2 (a) 0.345
OMT 70 (70-72.5) 80.5 (70-86) 80 (70-95) 0.019  (b)0.454
(60.1-80.5) () 0,062
K-W 0.318 0.238 0.270 0.182
Mann-Whitney U test
1 versus 2 0.154 0.098 0.104 0.663
1versus 3 0.257 0.268 0.324 0.092
2 versus 3 0.543 0.597 0.602 0.154
(a) 0.420
105 107.7 110.2 1175
DN-$ (88.1-116.9) (92.5-122.5) (89.9-129.4) (962-131.9) 043 Elc’)) 8 'ggg
(a) 0.919
110 113.7 120 100
STT (102.5-123)  (106.2-120)  (110-129.6)  (87.5-120) 0.290 Elc’)) 8'255;
Rotation (a) 0.279
OMT 110 120 129.5 120.7 0.000 (b) 0.002
(110-116.9)  (106.2-120) (124-139.4) (99.5-133.7) () 0,033
K-W
Mann-Whitney U test 0.586 0.605 0.092 0.191
1 versus 2 0.295 0.418 0.325 0.236
1 versus 3 0.598 0.447 0.040 0.664
2 versus 3 0.653 0.514 0.164 0.068

DN-S = dry needling + stretching, STT = soft tissue techniques, and OMT = orthopedic manual therapy.

K-W = Kruskal-Wallis test.

cohort study, it was found that more complaints and catas-
trophizing showed an interaction with the success of the
treatment, decreasing the OR for every point increase on the
catastrophizing scale. Patients with higher catastrophizing
levels were more likely to achieve treatment success with
manual therapy but not with physiotherapy [52]. We obtained
markedly reduced PCS values in the OMT group. However,
this result should be treated with caution because we obtained
a mean difference of 4.8, which is not clinically significant, as
it should be at least a change of 9.1 points [53].

4.3. Disability. The neck disability improved significantly in
the DN-S and OMT groups but not in the STT group. It has
been suggested that the minimum clinically important dif-
ference required for NDI is 7 points [32, 54], although others
have found higher values (10.2) for their patient population
[55]. In our study, the DN-S group showed difference of 5.9
points, but the OMT group showed a higher score at 8.5
points. Nevertheless, soft tissue manual therapy group did not
show statistical changes in disability. However, our results are
in contrast to a recent study [50] which has reported that

when ischemic compression is applied, but after lidocaine
injection, it produces a statically significant decrease of
disability after one week when compared with lidocaine
injection only after a single intervention; the range of change
was clinically relevant reaching 9.5 points of difference after
treatment. According to the results obtained for the self-
reported variables and pain intensity, the articular-neural
approach would have a greater influence over the disability
and catastrophizing of the patient than the other approaches.

4.4. Pressure Pain Threshold. Mechanical hypoalgesia was
found over the C5-C6 level and trapezius muscle in the OMT
group at post 1, post 2, and 1 week later, but not for the other
two groups. The PPT results showed the minimal detectable
change [56] which is defined between 0.45 Kg/cm2 and
1.13 kg/cm?, with 1.45 Kg/cm? for C5-C6 and 1.63 Kg/cm? for
trapezius muscle. The OMT group increase was 76.7% for C5-
C6 level and 63.9% for the trapezius muscle. These findings
are higher than those noted in previous studies which were
found to be between 22.55% [18] and 40%-56% [57]. These
differences could be because in our study we designed a
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protocol with different techniques in manual therapy, and
the others have only carried out one single technique. This
indicates that hyperalgesia is decreased with the articular-
neural approach (OMT) and no significant difference was
observed with the other therapies. A specific and specialized
physical therapy must be applied to obtain the best results in
this kind of patient.

This indicates that cervical pain is decreased with the
articular-neural approach and no significant difference is
observed with the other therapies. Although in other studies,
where the patients were instructed in self-treatment using
ischemic compression for 5 days, they reported a change of
1.2kg/cm?, that value is considered clinically significant but is
in contrast to our study for group 2. That difference could be
explained because it related to different doses of treatment. In
another study [49], where ischemic compression was applied,
an increase of PPT of 0.79kg/cm* was found, similar to
our outcomes in the STT group. Nevertheless our results
are in contrast to those of Kim et al. [50] who reported a
statically significant increase of PPT after lidocaine injection
(3kg/ cm?) and ischemic compression versus lidocaine injec-
tion only (0.67 kg/cmz) one week after [50].

In a recent study which compared one session of dry
needling versus 10 sessions of physical therapy (superfi-
cial heat, TENS 25min, ultrasound 5min, and trapezius
stretching), there were no statistically significant differences
between the groups either one week or one month after in the
pressure pain threshold [58]. Nevertheless, the pressure pain
threshold of myofascial trigger point hyperalgesia improved
in the OMT group. Our outcomes agree with previous studies
of the group, where the patients improved on the PPT after
eight sessions of IC [59]. However another study showed that
PPTs in a group treated with IC were significantly greater than
in an ultrasound and control group [48].

The exact mechanism by which manual therapy and
dry needling modulate nociceptive information remains
unknown. However, many algogenic substances and neu-
ropeptides have been found where MTrPs occur, producing
peripheral sensitization [60, 61], and neuroplastic changes in
the dorsal horn soon appear when a MTrPS is developed
[62]. A few studies have also found enhanced activity of
brain areas of pain process when MTrPs are stimulated
[63], suggesting that a central and peripheral sensitization is
induced. The likely mechanism of OTM for pain relief is mean
central nociceptive process. On the one hand, studies have
demonstrated that manual therapy could activate inhibitory
descending pain system and produce hypoalgesic effects,
suggesting a mechanism mediated by the periaqueductal
gray via serotoninergic and noradrenergic activation [64-
67]. On the other hand, decreased temporal summation
following NM is applied suggesting that the dorsal horn of
the spinal cord could be involved in hypoalgesic effects in
healthy patients [68, 69]. It has been suggested that facet and
myofascial trigger point nociceptors could be connected in
the spinal cord. Therefore if facet joint pain is eliminated, then
the pain of myofascial trigger point can be relieved [16, 70, 71]
but not vice versa (to our knowledge there has not been any
study where the cervical facet joint pain can be controlled
with a trigger point injection).

1

4.5. Cervical Range of Motion. There were statistically signif-
icant differences between groups in CROM for flexion and
extension the OMT group being the one that increased more
than the others at posttreatments (mean difference of 13° for
flexion and 8.8° for extension). The range gained exceeded
the minimal detectable change, which is established at 6.5°
for flexion and 5.1° for extension [35].

This outcome agrees with other studies which compared
efficacy of local anesthetic injection versus dry needling
on the trapezius muscle; all groups improved at CROM in
patients with myofascial pain syndrome at 4 weeks and 12
weeks after a single intervention [21].

A previous study where cervical facet joint injection was
used in patients with cervical myofascial pain showed that
patients who received facet injection improved in CROM and
experienced reduced pain intensity during 1 year of follow-
up. Other previous studies have found similar effects on
myofascial pain syndrome when injection into muscles of the
cervical region was carried out [71, 72]. Another study found
that patients with myofascial trigger points in the cervical
region improved after high velocity and low amplitude were
applied to cervical spine [16].

In relation to the STT group, few studies have demon-
strated an increase in ROM after a single or several sessions of
ischemic compression [49, 73, 74]. Cagnie et al. [59] reported
that the patients treated with IC resulted in a significant
improvement in flexion, extension, and side-bending imme-
diately after eight sessions.

However, the results of this study support the results
of the OMT group because joint mobilization techniques
improve the pain in patients with myofascial pain syndrome
[70].

In observational studies it has been reported that active
MTrPs are more common in patients with cervical root
compression than in healthy controls (51.2% of the patients
with cervical radiculopathy). These findings suggest to us
that neural pain could be involved in the MTrPs, and for
this reason in our study the patients who received neural
mobilization techniques can show an improvement of the
outcomes. The muscle which is most frequently involved
with active MTrPS was the levator scapula and the muscle
more frequently involved with latent MTrPS was the upper
trapezius; both muscles have been treated in the dry needling
group [75].

One possible explanation of the effects of the OMT on
cervical joints is that cervical facet joints are innervated by
the medial branch of the posterior rami of the cervical root.
When the facet joint is in disorder, the facet nociceptors
transmit input to the spinal cord, and in the spinal cord other
neurons can be involved; this is the underlying mechanism to
explain the referred muscle pain.

4.6. Limitations. There are several limitations that must be
taken into account in this current study. The data obtained
at this research are preliminary outcomes and they are useful
to calculate the sample size for future research. In order to
extrapolate accurate and representative results of a future
clinical trial on patients with myofascial chronic neck pain,
the sample size should be of 108 patients. The necessary
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sample size was estimated using G*Power 3.1.7 for Windows
(G"Power®©, University of Dusseldorf, Germany) [76]. The
sample size calculation was considered as a power calculation
to detect between-group differences in the neck disability
outcome measures. To obtain 95% statistical power (1-f3 error
probability) with an « error level probability of 0.05, we used
repeated-measured analysis of variance (ANOVA), within-
between interaction, and an effect size of 0.19 to consider
three groups and three measurements, generating a sample
size of 30 patients per group (total simple size of 90 patients).
Allowing a drop-out rate of 20% and aiming to increase the
statistical power of the results, the simple size should be
increased to at least 18 patients more, with a total simple size
of 108 patients.

We did not include a placebo and a control group, so we
are not able to know the influence of others factors like the
natural evolution of the neck pain or any nonspecific effects of
the treatment. However, it has been reported in the literature
that manual therapy treatment is superior to a control group
[14,77] and DN is superior to a placebo, decreasing the pain in
myofascial pain patients in the upper quadrant [78]. Only two
sessions were applied to patients, and in clinical practice more
sessions are provided; thus more sessions should be included
in future studies. We only collected data for a short follow-up
of 1 week; perhaps a longer follow-up time could change the
course of evolution. In spite of attempts to assess the changes
of catastrophizing, many other psychological variables may
be assessed such as depression, anxiety, or kinesiophobia
because these are involved in chronic neck pain. Only two
muscles were treated in DN-S and STT groups, but myofascial
trigger points of other muscles are involved with symptoms
in patients with chronic neck pain. Future studies should
continue to evaluate the effectiveness of various therapies in
patients suffering myofascial chronic neck pain with long-
term follow-up periods, including placebo and a control
group. Data of the neck pain intensity should be taken with
caution because the study started with a significant difference
between groups at the VAS baseline outcomes.

5. Conclusions

The results showed that all groups experienced an improve-
ment in neck pain intensity in the follow-up period. However,
only OMT and SST had an immediate effect on reducing
neck pain intensity after the first session and second session.
The OMT techniques decreased mechanical hyperalgesia and
pain catastrophizing and increased the cervical ROM in
patients with cervical myofascial pain syndrome. In addition,
the DN-S and OMT approaches showed a short term effect
reducing neck disability, but only the reduction of disability
in the OMT group can be considered clinically relevant.
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