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SUMMARY

Introduction. Myofascial pain syndrome is a common regional pain characterized with myofas-
cial trigger points (MTrP) in the skeletal muscle fibers. Deep dry needling (DDN) is an effective
method used by variety of clinicians in deactivation of these points. The aim of present study was
to determine clinical effectiveness and to evaluate gray scale ultrasonography, Sono Doppler and
ultrasound elastography images of upper trapezius following the DDN.

Methods. Thirteen women with MTrP in the upper trapezius (28.85+7.70 years old) participated
in the present study. Participants were treated with DDN during one session. Clinical outcomes
were cervical range of motion (ROM), pain intensity, and pain pressure threshold (PPT). Ultra-
sonographic outcomes were MTrP area, intramuscular blood circulation and upper trapezius
thickness and stiffness.

Results. A significant decrease of pain intensity was observed after intervention in all subjects
(p<.001). PPT and side bending cervical ROM had significant improvement in post treatment
(p<.001). Subjects showed significantly lower stiffness and higher intramuscular circulation
immediately after the DDN (p<.001).

Conclusions. The present study demonstrated that DDN had immediate influences on muscle
circulation, viscoelastic properties of the upper trapezius, and clinical outcome measurements.

The findings of this study provide objective evidence of the effectiveness of DDN.
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BACKGROUND

Myofascial pain syndrome (MPS) is one of the most common
complaints in the field of musculoskeletal dysfunction (1).
This syndrome is associated with the presence of myofascial
trigger points (MTrPs) with a prevalence as high as 95%
(2-4). MTrPs are palpable tender spots that are localized
in a taut band of skeletal muscle (5). Consequences of the
formation of MTrPs in affected muscles include reduced
fascia elasticity, restricted range of motion (ROM), increased
muscle tension, local and referral pain, as well as abnormal
autonomic phenomena (2). The upper trapezius is one of
the most common muscles associated with this syndrome.

Based on the clinical findings, there are two distinct forms
of MTrPs, active and latent. In symptomatic subjects with
an active MTtPs, pain is reproduced spontaneously or with
movement and by applying compression, but in the latent
form, spontaneous pain is not observed (7). It has been
suggested that some conditions, such as direct trauma or
sustained muscle contractions without adequate recovery
time, may develop intramuscular pressure high enough to
diminish the muscle blood circulation potentially encour-
aging the formation of trigger points (1,8). According to
previous studies, affected muscle with MPS has different
blood flow in comparison with healthy muscle, then moni-
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toring the blood flow characteristics can be useful to inves-
tigate overtime changes or after therapeutic intervention 4.
Also, the chemical environment of active MTtrP was found
to be different from the normal surrounding tissue (9,10).
These chemical changes could stimulate nociceptors as the
source of continuous pain of active MTrPs and may lead to
ischemic condition around them (11). Persisting pain from
these MTtPs may lead to abnormal adaptation in the dorsal
horn of the spinal cord, thus treatment becomes more diffi-
cult (7,9). Moreover, the active MTtP may be associated
with changes in the viscoelastic properties of the muscle
fibers. These changes are characterized by hard taut band
of muscle fiber, which alter muscle stiffness and reduce
the ROM (7,12). Because, various studies have shown an
increase in muscle stiffness and decrease in blood flow in the
MPS, implementation of treatment strategies to counteract
these changes are necessary (12,13).

Many treatment methods have been developed to elim-
inate MPS symptoms. Dry needling is one of the most
commonly used techniques in MPS treatment (14). In
deep dry needling (DDN), in order to elicit a local twitch
response (LTR), the needle is inserted into the MTrP. This
response is associated with reduction of muscle stiffness
which is palpable and pain relief (12). Also, some studies
have shown that DDN can improve intramuscular blood
circulation (9,13). Although the actual working mecha-
nism of DDN is still being debated, there are comparative
studies regarding the effects of dry needling versus other
treatments of MPS (12-15). Cumming et al.’s systematic
review demonstrated that DDN is an effective treatment
approach for MTrP (16). Further, Gerber et al. demonstrat-
ed sustained reduction of pain intensity after treatment by
DDN at 6 weeks follow up (17).

Despite the clinical efficacy of various treatments for alle-
viating the symptoms of MTrP, objective quantification of
the severity of MPS in terms of blood flow and muscle stiff-
ness is necessary. Diagnostic ultrasonography is suitable for
noninvasive real-time imaging of muscle, fascia, tendon and
blood vessels. Also, ultrasound elastography is an imaging
technique which is newly used for scanning muscles, and
quantifying muscle stiffness (16,18-20). Ultrasonography
may be helpful in overcoming the subjective weaknesses of
diagnosing MPS (especially in deep muscles in which palpa-
tion is challenging) and effectively monitoring the clinical
outcomes of different treatments (7,18). Only few research-
es thus far have evaluated muscle stiffness and blood flow in
the MPS using ultrasonography (2,4,12).

Although DDN is considered to be an effective method
for MPS treatment, to the authors’ knowledge, there is no
comprehensive assessment regarding the clinical (subjec-
tive) and ultrasonographic (objective) features of this meth-
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od. Therefore, we believe that this study is the first research
designed for the purpose of evaluating both clinical effects
(e.g., cervical ROM, pain intensity, and pain pressure thresh-
old (PPT) and ultrasonographic changes (e.g., morphomet-
ric, muscle stiffness, and muscle blood flow) after DDN
treatment in female patients with MPS. The objective of
this study was to evaluate the effects of DDN on clinical
outcomes and muscle thickness, area of MTtP, blood flow,
muscle stiffness in women presenting MPS in the upper
trapezius.

METHODS AND MATERIALS

Subjects

Thirteen right-handed females with MPS, between 20 and
44 years of age, and within the normal range of body mass
index participated in the present study. Patients referred to
physical therapy clinics due to neck or shoulder pain were
invited by announcements in clinics of the rehabilitation
school. Subjects were eligible for current study if they had
an active MTtP in right upper trapezius muscle. Patients
diagnosed with fibromyalgia syndrome, trigger point injec-
tion in the upper trapezius, cancer, history of surgery, direct
trauma and fracture in the shoulder or cervical spine, radic-
ulopathy, whiplash injury, degenerative diseases in the cervi-
cal vertebrae, pregnancy, local infection and taking anti-
coagulants were excluded. After an initial assessment, the
objective of the study was explained to the subjects. They
signed a consent form and were entered into the study. This
study was approved by the ethics committee of the Tehran
University of Medical Sciences University of Medical Scienc-
es. Current study meets the ethical standards of Muscle,
Ligaments and Tendons Journal (21). Clinical and ultraso-
nographic assessments were performed in one session (these
tests were conducted before and after treatment). Patients
were treated by one session of DDN.

CLINICAL ASSESSMENT

The presence of active MTrP in patients was confirmed by clin-
ical evaluation by an expert physical therapist. The following
criteria were used in the volunteers: a history of cervical pain
for at least 12 weeks, the existence of a palpable taut band
in the upper trapezius, and the presence of only one palpa-
ble hypersensitive spot in the taut band (halfway between the
acromion process of the right scapula and C7 vertebra). To
separate active from latent MTrP, a familiar referral pain must
have been reproduced by applying pressure to the tender
spot. This test was done with an algometer at an approxi-
mate pressure of 2.5kg/cm? to the MTrP (22). The midpoint
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of the upper trapezius was identified in all the participants
as follows: bony landmarks, including the spinous process of
the 7th cervical vertebra (C7) and the acromion process of the
scapula in the right shoulder were marked (figure 1). Thereaf-
ter, the distance between these two points was measured using
a measuring tape and their midpoint was determined on the
skin with a maker. This point was used for similar assessments
at baseline and post-treatment examinations. The presence of
MTtP in participants was confirmed by manual palpation at
this point, after which, clinical outcome measurements, such
as active bilateral cervical side bending, PPT, and pain inten-
sity were examined.

Assessment of cervical ROM. The range of active cervi-
cal movements, including contralateral and ipsilateral side
bending were measured using a dual inclinometer (J-Tech
medical, US) with the subject sitting upright on the chair.
These tests were done on all subjects with three repetitions
and the average value was used for analysis.

Assessment of PPT. In order to evaluate the PPT, the digital
algometer (J-Tech medical, commander power track, US) was
used. The circle disk with a width of 1 cm was placed perpen-
dicular to the specified point, and pressure was increased
slowly until pain was felt and subjects indicated by saying
“yes”. The average value of three measurements was report-
ed as PPT and the interval between repetitions was 30 s (23).
Assessment of pain intensity. To provoke local and referral
pain of MTrP, a digital algometer was used and a pressure
of 2.5kg/cm? was applied to the marked spot. Thereafter,
subjects were instructed to select the level of pain by mark-
ing along the visual analogue scale (VAS). VAS is a horizon-
tal line grading from 0 to 10 (0, the minimum level of pain;
10, the maximum level of pain).

Figure 1. The midpoint of the spinous process of the 7th
cervical vertebra (C7) and the acromion process of the scapu-
la in the right shoulder were marked in all participants.
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ULTRASONOGRAPHY SCANNING

Ultrasonographic features of the upper trapezius, including
B-mode imaging, ultrasound elastography and Doppler indi-
ces were measured. Ultrasonography was performed after
30 minutes of clinical evaluation. Ultrasonography assess-
ments were done with the following steps: 1) gray- scale; 2)
ultrasound elastography; 3) Color Doppler imaging.

Each subject underwent an ultrasonic evaluation using a
clinical ultrasonic device (My lab70, xvision, Italy) with a
linear probe (7-11MHz) targeted at the marked point. All
images were captured by an experienced sonographer in the
field of musculoskeletal imaging. In the B-Mode gray scale,
the ultrasound probe was placed parallel to the muscle fibers
of the upper trapezius. The vertical distance between echo-
genic fascial layers was measured as muscle thickness. The
upper trapezius muscle thickness was measured at rest posi-
tion. Participants were instructed to sit and be relaxed with
0° of shoulder abduction while their forearms were on the
armrest of the chair and in the pronation position (figure
2). In gray scale, the MTrP appeared as a dark nodule in the
muscle image. The area of this nodule in the upper trapezius
muscle was determined in the participants (figure 3).
Muscle stiffness (tissue deformation in response to compres-
sion force) was measured with an ultrasound elastogram at
the same position as the previous test in resting position.
The ultrasound transducer was located perpendicular to
the upper trapezius muscle in the marked region and was
compressed rhythmically (with a frequency of 2 Hz) by a
sonographer (2,23). A pressure indicator item in the ultra-
sonogram was used for controlling the intensity of manu-
al compression force. Color -coded images were superim-
posed on gray scale images during the compression. In this

Figure 2. The position of patient is shown for clinical evalua-
tion and ultrasound imaging. Participants were instructed to
sit while their forearms were on the armrest of the chair and
in the pronation position.
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Figure 3. gray scale ultrasound images from the patient
participant. Area of myofascial trigger point was calculated.
UT: upper trapezius

design, softer parts were coded as green while stiffer parts
were coded as red. With the selection of proper image, two
circle regions of interests (ROI) with a size of 5mm? were
adjusted on the frozen image. Reference ROI was adjust-
ed in the subcutaneous space and another ROI was placed
in the upper trapezius muscle in the vicinity of the trigger
point zone. Muscle stiffness was calculated by dividing the
strain ratio of the muscle zone by the reference zone in the
ultrasound software (see figure 4). Increased strain ratio
implied decreased muscle stiffness (23).

The upper trapezius circulation was scanned with color
Doppler ultrasonography. The spectral Doppler waveforms

Sub culane

Figure 4. Ultrasound elastography of upper trapezius. A
region of interest (ROI) was placed in the (Z1) sub cutaneous
space and another ROl was adjusted in the (Z2) bulk of upper
trapezius, then the strain ratio was calculated as Z2/Z1. The
ultrasonogram image is superimposed onto the gray scale
image, displays a color-coded map of elasticity. The color bar
in the left of the screen presents the stiffness of the tissues
within the ROI, ranging from green (soft) to red (hard).
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were used to determine the maximum velocity (PSV), mini-
mum velocity (EDV) and RI of each cardiac cycle. The Rl is
defined as a ratio that is obtained by the difference between
peak systolic and end diastolic velocities to the peak systolic
velocity. For this study setup, these parameters were calcu-
lated in the arterioles or arteries found in the MTrP vicinity
of the upper trapezius in the images (figure 5).

The reliability of ultrasonographic scanning of the upper
trapezius including muscle thickness, area of MTrP, muscle
stiffness and blood flow (Peak Systolic Velocity (PSV), End
Diastolic Velocity (EDV) and Resistive Index (RI)) were
examined in healthy subjects and patients with MPS in our
previous studies (24,25). We previously demonstrated that all
variables, except EDV, had an excellent reliability (>0.806)
for the patient group. The Intra-class Correlation Coefficient
(ICC) for EDV was 0.738, and was considered as a poor to
good reliability. For healthy subjects, the value of ICC for
total variables showed an excellent level of reliability. EDV
had the lowest reliability (ICC=0.771) among them.

INTERVENTION

The participants were treated with DDN during one
session. The patients were instructed to lie with a neutral
head position. They were treated with DDN using sterilized
stainless steel needles (50 x0.25 mm (Dong — Bang, Korea)).
The 0.25 mm size minimized the chances of needle induced
pain. At first, a marked point on the skin was sterilized and
then this site was pinched between the left index finger
and thumb of the physical therapist. The needle was insert-
ed vertically into the skin to get into the trigger point (the
correct position was confirmed by reproduction of famil-
iar referral pain or visible/palpable LTR). The needle was
manipulated rapidly forward and backward until no more

Figure 5. Sono Doppler imaging of blood flow through the
upper trapezius muscle. PSV and EDV are shown in the blood
flow waveform.
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LTR was observed with 10 continuous repetitions (figure 6).
The participants did not receive any other treatment modal-
ities at the time of the DDN.

STATISTICAL ANALYSIS

SPSS version 16 was utilized for statistical analysis of the
data. The one-sample Kolmogorov-Smirnov test was
conducted to assess the normal distribution of all the inde-
pendent variables. Paired t-test was used for detecting any
significant changes between the pre and post treatment of
all variables in the present study. The confidence level of
statistical significance was determined at 0.<.05.

RESULTS

13 subjects participated in the present study. All variables
demonstrated a normal distribution upon analysis with the
One-sample Kolmogorove-Smirnov test. The anthropomet-
ric features of the participants are shown in Table I. Results
from the pre-and post-intervention analysis are demonstrat-
ed in Table II.

Notably, the most clinical and ultrasonographic outcome
measures were significantly (P< .05) changed after the treat-
ment in the present study. Decrease of intensity in pain was

Table I. Anthropometric feature of participants (N: 13).

Figure 6. DDN of active trigger point in the upper trapezius
muscle.

observed after treatment in participants (P<.001). There
was a significant improvement in PPT after the interven-
tion(P<.001). Also the baseline and after intervention values
for contralateral side bending ROM showed a significant
improvement for this variable (P<.008). The range of ipsi-
lateral side bending improved but the differences were not
significant (P =.73). There was significant improvement
(P<.001) in the intramuscular blood circulation after inter-

Age(year) Height(cm) Weight(kg) BMI (kg/m2)
Mean + SD 28.85+7.70 163.69+6.07 60.07+11.67 22.32+3.58
(Range) (20-44) (150-171) (46-85) (18.06-29.02)

BMI= Body Mass Index; SD= Standard deviation

Table Il. The results of Paired t- test between pre and post conditions in the present study (N=13).

Variable Baseline Post treatment P value
VAS 8.23 +0.72 5.69 +0.85 .000*
PPT 7.83 £2.8 13.22+3.2 .000*
Ipsilateral ROM 3530 +5.42 36.84 +5.56 73
Contra lateral ROM 32.23 +3.58 38.23 +4.54 .008*
Thickness at rest 11.65+ 1.9 13.02 +2.5 26
Area of TP 20.76 + 6.13 21.92 +4.76 42
PSV 11.74 +2.03 7.59+2.18 .000*
EDV 1.7 £ 0.49 2.86 +0.58 .000*
RI 0.84 £ 0.51 0.59+0.14 .000*
Stiffness (strain ratio) 1153 + 1.60 14.00 + 1.52 .000*

Abbreviations: SEM: standard error of measurement, PSV: peak systolic velocity, EDV: End diastolic velocity, RI: Resistive Index. Significant p value was

shown by *.
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vention. There was not only a significant decrease in PSV and
RI (P<.001) but also an increase in EDV (P<.001). More-
over, in muscle stiffness at the rest state, analysis showed a
significant reduction after intervention (P < .05). The upper
trapezius muscle thickness (P =.26) and the area of MTrP
were not significantly different after DDN (P =.42).

DISCUSSION

Present study showed a decrease in the upper trapezius
muscle stiffness and an increase in blood flow due to DDN
intervention in women with MPS. These findings of the
current study provide objective evidence of the effective-
ness of DDN. Also, the improvement in clinical parameters
(including decrease of VAS, increase of PPT and side bend-
ing cervical ROM) were consistent with ultrasonographic
parameters, indicating that the DDN have immediate thera-
peutics effects on the MTrP.

The present study may be the first comprehensive (objective
and subjective) assessment of the effects of DDN in upper
trapezius affected with active MTrP. The upper trapezius
ultrasonographic scanning findings were seen post treat-
ment of DDN, suggesting the possibility of clinical outcomes
confirmation and quantification of treatment effects using
ultrasonography. A major limitation of the present study is
the lack of an untreated patient control group, thus changes
in clinical findings could have been due to placebo effect or
other factors not related to the DDN. In the present study,
only the immediate effects of DDN on female subjects were
examined and lack of long term intervention and follow up
should be acknowledged.

There is a common agreement that over-use or sustained
muscle contractions may lead to changes in the intramus-
cular blood circulation and formation of MTtP (1,12).
According to the normal physiological mechanism, intra-
muscular circulation is dependent on muscle contraction
or relaxation. Blood flow is enhanced by rhythmic muscle
contractions with muscular pump and is diminished by
sustained muscle contraction which compresses the vessels
and increase peripheral resistance (1). Based on the “energy
crisis theory” that was proposed by Simons, the formation
of a trigger point is related to an excessive release of acetyl-
choline and calcium (3). These substances induce continu-
ous muscle contraction and an ischemic condition around
the trigger points (9). Present study demonstrated an
increase in blood flow due to DDN intervention in patients
with MPS. A significant reduction of RI after needling could
confirm that this method has immediate effects on blood
flow. Recently, Cognee et al conducted a study in healthy
participants and shown an increase in upper trapezius blood
flow due to dry needling (13). Also, in their study the dura-
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tion of influence of DDN on the upper trapezius blood flow
was examined and they confirmed that dry needling could
significantly increase blood flow at the insertion point up to
15 min after needling (13). Concerning different measure-
ment methods with the mentioned research the present
study findings in response to DDN are in accordance with
them. One of the probable mechanisms that explains the
changes in blood flow in response to DDN is related to acti-
vation of c-fibers and A-8. This axon reflex activates the
release of some substances that lead to vasodilatation in
vessels and increase in muscle blood flow (9,13). Tempo-
rary increase in sympathetic nerve activity via sympathetic
stress response was presented as a result of an increase in
blood flow in the contralateral upper trapezius, in response
to needling in Sandberg et al (8).

In current study, findings demonstrated a significant reduc-
tion of the upper trapezius stiffness after DDN. Although
previous studies have revealed that after dry needling, palpa-
ble stiffness was reduced, quantification of this parameter
after treatment has been done in only a few studies. Utiliz-
ing a dissimilar elasticity imaging technique associated
with ultrasound, Maher et al. (12) examined the effect of
dry needling on the upper trapezius using shear-wave elas-
tography in females with MPS and reported a significant-
ly reduced stiffness in this group; the present findings are
in agreement with them. Shear wave elastography may be
generally more accepted than ultrasound elastogram. Unfor-
tunately, our device had only the ultrasound elastogram soft-
ware for measuring muscle hardness. Measuring muscle stiff-
ness by shear wave elastography is recommended for future
studies. In another study, the stiffness of the upper trapezius
was evaluated after acupuncture and electro-acupuncture
and non-significant reduction after treatment in both inter-
ventions were reported (2). Those authors’ examination was
done with similar elasticity imaging technique using ultra-
sound elastography. It seems that stimulation of needle and
production of LTR in DDN have mechanical effects on the
MTtP. Indeed, LTR causes mechanical disruption of MTrP,
localized stretch to the contractured cytoskeletal structures
and alteration in the muscle fiber tension and length (9,13).
According to the analysis of gray scale images, non-signif-
icant increase in the area of trigger point and upper trape-
zius thickness at rest condition was seen (figure 7). Only
one study was found in this field and the present study’s
findings are dissimilar to the ones that reported a decreased
area of trigger points after treatment by acupuncture and
electro acupuncture in the upper trapezius (2). It is likely
that, increases in the blood flow that was seen in the current
research and the presence of inflammatory substances after
needle stimulation of this point, may lead to edema and larg-
er size. Non-significant increase in the upper trapezius thick-
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Figure 7. B-mode images from the same volunteer A) before
and B) after treatment with DDN. Increased upper trapezius
thickness after treatment is shown. Muscle thickness were
marked in the images.

ness at resting condition was reported and no published
research was found about this issue. It seems that increase
in the thickness of the upper trapezius after DDN, is related
to increased blood flow and edema. More studies are need-
ed in this area to assess the correlation of blood flow param-
eters, trigger point size, and muscle thickness after several
sessions of needling.

According to the results presented, current study showed
clinical effects of DDN in treatment of patients with MPS
on perception of pain. In current study, pain is the main
clinical outcome and for measuring of it, VAS was used.
VAS is one of the methods that is easy to use, and valid, and
also used in most researches by clinicians (15). After inter-
vention, subjective pain intensity was decreased. The assess-
ment of pain intensity and PPT are common measures that
were examined after DDN in many studies. The findings of
the present study are similar to that of other studies which
reported a reduction in pain intensity, increase in PPT and
bilateral cervical side bending ROM as immediate effects
of DDN (6,15). Actually, the spontaneous pain and hyper
sensitivity of active MTrPs are one aspect of their sensory
abnormalities. The presence of some biochemical substanc-
es in the active MTrP environment was confirmed by Shah
et al (10). These substances are associated with tenderness
and persistent pain. The stimulation of LTR by needling
may alter these substances, deactivate nociceptors or acti-
vate the descending inhibitory pain system. These mecha-
nisms could have an effect on the pain intensity, PPT, and
ultimately deactivate MTrP (9-10,13). On the other hand,
the minimal significant clinical difference for pain intensity
on VAS is 12 mm (6). In the present study, 25 mm reduc-
tion was reported on VAS. According to the results, PPT
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increased after DDN. An increase of about 20 — 25 % is ideal
for this parameter (15). The current study showed a 45%
increase. These changes indicate that the DDN approach
had a clinical effect on the intensity and threshold of pain of
the upper trapezius which is involved in MPS.

CONCLUSION

This study showed that DDN had immediate influences
on clinical symptoms and upper trapezius ultrasonograph-
ic features in females with MPS. Evaluation of influences of
this technique on other muscles is recommended and Larger
samples are needed to clarify the relevant pathophysiological
mechanism of interventions. The effects of individual anthro-
pometric features such as gender, body mass index (BMI) and
age on muscle stiffness, circulation, and morphological prop-
erties should be taken into consideration in future studies.
Among the parameters of Doppler ultrasound, the reliability
of measuring EDV (ICC) is not excellent. So, the evaluation
and extension of accurate Doppler ultrasonographic parame-
ters to measure blood flow is recommended for future studies.
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