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Effects of Needle Electrical Intramuscular
Stimulation on Shoulder and Cervical Myofascial
Pain Syndrome and Microcirculation
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Background: To evaluate the effects of needle electrical intramuscular stimulation (NEIMS) on myofascial trigger points
(MTrPs) and their epidermal blood flow.

Methods: Forty adult patients with active MTrPs in the upper trapezius or levator scapulae underwent 4 weekly NEIMS
sessions. Visual analog scale (VAS) and pain pressure threshold (PPT), along with cervical and shoulder range of motion
(ROM) were used as outcome measures. Microcirculatory changes were also evaluated by laser Doppler flowmetry of the
epidermal area above these MTrPs. Data were collected before and after each treatment. Paired t tests were used to compare
pre- and post-treatment data. Outcomes were presented as box plots displaying medians and 25™ to 75" percentile values.
Results: VAS and PPT pain significantly improved immediately after each treatment; effects persisted till the end of the
experiment. NEIMS treatment also had immediate and mid-term positive effects on cervical and shoulder ROM. There was
an overall negative correlation between epidermal blood flow and VAS score before the first treatment. Regional blood flow
significantly increased immediately but temporarily after each treatment.

Conclusion: NEIMS did have positive effects on myofascial pain syndrome, but the data did not indicate that increased
regional microcirculation was the possible therapeutic mechanism. [J Chin Med Assoc 2008;71(4):200-206]
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Introduction

Myofascial pain syndrome (MPS) is an important cause
of muscular disability in the shoulder girdle, neck and
lumbar regions. One of the most common disorders
encountered by physiatrists, it is associated with muscle
tenderness, typical referred pain, reduced muscle
extensibility, restricted range of motion (ROM) and
muscle imbalance.!= It is initiated through myofascial
trigger points (MTrPs) that are defined as hyperirritable
spots within taut bands of skeletal muscle fiber.! Two
basic diagnostic features of MTrDPs are local tenderness
and altered consistency.*” In addition, this regional
pain syndrome presents with muscle spasm, band-type
tissue stiffness, limited articular motion, loss of strength
and autonomic dysfunction.

ELSEVIER

200

Many treatment approaches, such as trigger point
injections, stretching exercises, acupuncture, and other
physical therapies have been developed to relieve the
pain of MTrPs and prevent it from becoming
chronic.!737719 Needle electrical intramuscular stimu-
lation (NEIMS), by application of an electric current
through a monopolar needle to the MTrD, is consid-
ered a promising therapy that may have immediate to
mid-term therapeutic effects.!"'2 NEIMS was originally
performed through an electromyographic instru-
ment. However, the bulk, expense and complications
involved made it impractical for outpatient use. This
study employed a recently designed portable electrical
stimulator that conforms to NEIMS parameters and
is inexpensive and user-friendly (NEIM-STIM SD-
922P; Skylark Device & Systems Co., Taipei, Taiwan)
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(Figure 1). This study evaluated this apparatus through
subjective and objective measures of pain severity and
ROM. The therapeutic effects of NEIMS on MPS have
not been well documented. There are several reports
indicating that it disturbs the microcirculation in the
relevant muscles of myalgia patients; this might be due
to the electrically-induced muscle contractions which
would improve epidermal and muscle circulation.!?2!
Thus, we hypothesized that NEIMS may exert its thera-
peutic effects through changes in regional microcir-
culation. We also investigated its immediate effects on
regional muscle microcirculation.

Methods

This study was approved by the Taipei Veterans General
Hospital ethics committee. Between January and
December 2006, all patients who visited or who were
referred to department of physical medicine and reha-
bilitation outpatient clinics were asked to participate
if they were over 18, had active MTrPs in the unilateral
upper trapezius or levator scapulae region, and had
reliable symptoms caused by MTrP palpation of more
than 6 months’ duration. Subjects also had to accept
NEIMS as their sole treatment during the experimental
period. Patients were excluded if they showed signs of
cervical disc prolapse or radiculopathy, had symptoms
explained by other systemic disorders or migraines, had
undergone cervical spinal surgery, abused alcohol or
drugs, had previous adverse responses to acupuncture,
had changes in medication or other treatments within
3 weeks of entry or who were pregnant.

Subjects were invited to participate after clinical
examination by a physician involved in the study. The
study had an open-label, before-and-after treatment
design. NEIMS was always done by the same study
physician, while outcome data were measured and ana-
lyzed by another trained scholar blind to treatment
status. The treatment period was 4 weeks, with 1 ses-
sion per week. Outcome data were recorded before and
after each session.

Treatment

NEIMS was performed with a needle electrical intra-
muscular stimulator (NEIM-STIM SD-922P; Skylark
Device & Systems Co.) (Figure 1), a static monopolar
needle stimulator to an MTrP. The investigator identi-
fied the most tender MTrP and disinfected the overlying
skin with alcohol. A monopolar needle (902-DMG 37-
TP/53537T; Oxford Instruments Medical, England)
(the cathode) was inserted into the selected MTrD,
while a round pad (1 cm in diameter) was placed in the
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Figure 1. The needle electrical intramuscular stimulation equip-
ment used in this study (NEIM-STIM SD-922P; Skylark Device &
Systems Co., Taipei, Taiwan).

7% cervical spinous process (the anode). The stimulation
duration was set at 1 ms, with a frequency of 2 Hz and
an intensity that kept the muscular contraction visible
(0-20mA). Total application durations were 3 minutes
for each MTrD.

Outcome measuves

Subjective pain level was determined by a visual analog
scale (VAS). The VAS was 10 cm long with no anchors
between the ends, and measures ranged from 0 (no
pain) to 10 (unbearable pain). The patient estimated
pain by moving the pointer along the uncalibrated
scale. The exact value of pain intensity could be
obtained by referring the uncalibrated scale to the
ruler on the back side.

This study employed pressure pain threshold
(PPT) measurement. The pressure pain threshold is a
concept that has been used to study muscular pain
since the 1950s.2? As the term suggests, the goal of
the PPT is to identify the point at which pressure
applied over a muscle becomes painful. The expecta-
tion is that when very light pressure is applied to a
muscle, a patient will feel some pressure, but not pain.
As the pressure is increased, a point is reached when
the patient perceives the stimulation as painful.??
First, the MTrP was identified and marked. A pressure
threshold meter (Effegi, Alfonsine, Italy) was applied
to the marked area and the pressure was gradually
increased at an approximate rate of 1 kg/s. The pain
threshold value was then recorded, with the same cri-
teria applied for the next measurement. Three repetitive
measurements (at 30-second intervals) were performed,
the mean value of the 3 measurements was used for
analysis.
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ROM of the cervical spine was measured before
and after treatment. This was defined as the amount
of lateral flexion and rotation of the neck to both the
right and left side, carried out by a goniometer. Shoulder
ROM was defined as the amount of flexion, extension
and abduction of the arm, also by a goniometer. Three
repetitive measurements were performed continually,
with their mean values used for analysis.

Regional blood flow in the marked MTrP area was
measured by laser Doppler flowmetry (MSP310XP;
Oxford Optronix, Oxford, UK) through a surface probe
connected to a laser light source and detector unit.
Output signals were continuously recorded for 15
minutes, before and after treatment, and stored for
computer analysis.

Statistical analysis

With a sample size of 40 patients (SD, 3.0; type 1 and 2
errors of 5% and 10%), the smallest significant difference
would be 1 VAS unit. Paired Student’s ¢ tests were
used for pre- and post-treatment outcome comparisons.
Spearman’s product-moment rank correlation tests
were used for the correlation between pre-treatment
pain and tenderness and regional blood flow values.
Statistical analysis was done using SPSS version 13.0
(SPSS Inc., Chicago, IL, USA) for Windows. Data were
analyzed by personnel who did not participate in patient
care or data collection. Two-tailed p values less than
0.05 were deemed significant.

Results

Forty patients successfully completed this study. Their
median age was 45 (interquartile range [IQR], 33-51),
and they were predominantly female (35,/40, 87.5%).
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Baseline and final results are presented in Table 1. They
showed a significant decrease in MTrP tenderness and
increase in ROM by the end of the study. Both sub-
jective and objective pain measures showed significant
improvement (p<0.001). Regional blood flow increased
significantly (p<0.001) along with all directions of
cervical and shoulder ROM (p<0.05).

Trends for each outcome parameter, before and
after each treatment session, are presented with clus-
tered box plots (median with 25™ and 75™ percentiles)
(Figures 2-5). Subjective pain not only decreased with
time, but also decreased weekly (Figure 2). PPT showed
gradual weekly increases for both pre- and post-
treatment values (Figure 3).

To determine the effects of NEIMS on cervical
and shoulder joint ROM, cervical lateral flexion, rota-
tion and shoulder flexion, extension and adduction
were measured before and after treatment. All ROM
measures had good immediate responses to treat-
ment, but these responses declined with time.
Because shoulder flexion is most important in daily
life, this variable was used to represent the others
(Figure 4). Treatment effects were most prominent
at the initial session, where shoulder flexion had
immediate, dramatic improvement. This initial effect
decreased at each subsequent session. However, pre-
treatment values still showed a trend toward func-
tional improvement. Other ROM measures were
similar.

Regional blood flow increased significantly after
each session. However, this effect was transient and
did not persist to the next session (Figure 5). Distri-
bution of VAS gain before and after the 4 treatment
sessions is shown in Figure 6. Median VAS gain was —2
(IQR, -1 to —4), with most patients (13 /40, 32.5%)
having a VAS gain of —4 to —5. One patient even had

Table 1. Pre- and post-treatment protocol values*

Pre-treatment (15t visit) Post-treatment (41" visit) p'
Visual analog scale 5.3+1.95 3.05+1.87 <0.001
Pressure pain threshold (kg) 2.25+0.70 4.13+0.93 <0.001
Superficial skin blood flow (BPU) 127.3+114.35 310.22+234.62 <0.001
Range of motion (degrees)
Neck lateral flexion to left 30.80+7.88 35.12+6.82 0.014
Neck lateral flexion to right 29.85+7.54 34.15+6.81 0.003
Neck rotation to left 64.60+11.12 68.33+13.84 0.039
Neck rotation to right 63.22+11.74 68.37+11.74 0.017
Shoulder flexion 149.9+9.29 156.07+11.12 0.014
Shoulder extension 44.30+8.66 49.60+8.64 0.004
Shoulder abduction 166.17+7.77 169.63+7.92 0.002

*Data are presented as mean + standard deviation; Tpaired t test (n = 40). BPU = blood per unit.
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Figure 2. Effect of repeated NEIMS treatment on visual analog
scale. *Significantly different from pre-treatment at p<0.001
(n=40).
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Figure 4. Effect of repeated NEIMS treatment on shoulder flexion
range of motion (ROM). *Significantly different from pre-treatment
at p<0.001 (n=40).

a VAS gain of —8. The relationships between subjec-
tive and objective pain intensity and baseline regional
blood flow are shown in Figure 7. Although not sta-
tistically significant, there was a negative correlation
trend between blood flow and baseline VAS score
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Figure 3. Effect of repeated NEIMS treatment on pressure pain
threshold. *Significantly different from pre-treatment at p <0.001
(n=40).
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Figure 5. Effect of repeated NEIMS treatment on superficial skin
blood flow above trigger points. *Significantly different from pre-
treatment at p<0.001 (n=40).

(ys=-0.15; p=0.31) (Figure 7A). Similarly, there was
a less-than-significant positive correlation between blood
flow and pre-treatment PPT (ys=0.18; p=0.24)
(Figure 7B). These results suggest that intense pain
might be associated with weak microcirculation.
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Figure 6. Distribution of visual analog scale (VAS) gain before and after the experiment (n=40).
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Figure 7. (A) Correlation between visual analog scale and regional blood flow before the first treatment. Spearman’s product-moment
rank correlation test: ys=-0.15, p=0.31, n=40. (B) Correlation between pressure pain threshold and regional blood flow before the
first treatment. Spearman’s product-moment rank correlation test: ys=0.18, p=0.24, n=40.

Discussion

MPS is the most common cause of painful muscular
dysfunction in outpatient clinics. It is characterized
by muscles in a shortened or contracted state with
increased tone and stiffness. Current treatments are
far from optimal. NEIMS, a recently developed treat-
ment that applies needle electrical simulation to an
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MTrP, showed promising preliminary results.!!:!2

This study indicated that NEIMS has immediate and
mid-term efficacy in pain reduction for MTrPs. This
was demonstrated objectively through increases in
cervical and shoulder ROM and subjectively through
significant decreases in VAS. After treatment, there
was sustained improvement in VAS, PPT and ROM,
indicating that the therapeutic effects of NEIMS could
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last for 1 week. However, the data also indicated that
regional blood flow changes were transient. Despite
the strong immediate increases after NEIMS treatment,
microcirculatory flow above the MTrPs decreased to
baseline. Also, this study did not address intramuscular
blood flow. Further investigation by needle probe of
laser Doppler flowmetry is needed in the future.

Our study confirmed the previous observations
that intense pain tended to correlate with low baseline
blood flow, suggesting that reduced microcirculation
plays a role in the pathophysiology of MPS.'*2! Such
observation could be explained by Simons et al’s energy
crisis concept.! The concept postulates that trauma or
a marked increase in the endplate release of acetyl-
choline can result in excessive release of calcium from
the sarcoplasmic reticulum. This calcium produces
maximal contracture of a segment of muscle. The sus-
tained contractile activity would markedly increase
metabolic demands and would choke off local circula-
tion. Severe local hypoxia and tissue energy crisis could
sensitize local nociceptors. We also observed that there
were significant increases in epidermal blood flow
immediately after each treatment, which probably
stemmed from muscle contraction. Muscle contrac-
tions can increase muscular blood flow and perfusion.?3
However, this study showed no persistent increase in
regional blood flow. Pre-treatment values at each ses-
sion were not significantly different from baseline val-
ues. This phenomenon has been observed for a similar
electrical therapeutic technique, transcutaneous elec-
trical nerve stimulation (TENS). When TENS intensity
is sufficient to cause moderate muscle contraction, it
causes a transient local increase in blood flow.2426
Because the analgesic effects of NEIMS last longer
than the microcirculatory effects, the therapeutic effects
can only be partly explained by the increase in transient
regional blood flow.

Another possible mechanism of NEIMS may be
hyperstimulation analgesin, the purported blockage of
superficial pain by intense stimulation or counterirri-
tation.?® This intense stimulation can be in the form
of dry needling or acupuncture, and therefore could
also be present in NEIMS. In this study, our patients
did not complain of pain and only felt rhythmic muscle
contraction and relaxation sensation during each treat-
ment session. Therefore, the hyperstimulation analgesia
mechanism, if present, might only play a minor role.
The gate control theory proposed by Melzack and
Wall may provide another perspective.?®?” The theory
suggests that in each dorsal horn of the spinal cord,
there is a gate-like mechanism, with activity in the
large-diameter fibers (A-beta) tending to close the
gate and possibly blocking ascendance of nociceptive
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phenomena, while activity in the small diameter fibers
(A-delta and C) tends to open it. In this study, if our
patients had felt a tingling sensation but no pain, then
gate control may be a possible mechanism. However,
our patients did not experience any tingling.

Mechanisms such as intramuscular conditioning and
strengthening, desensitization of nociception, removal
of nociceptors and desensitization and relaxation of
MTrPs also need to be further investigated to explain
the therapeutic effect of NEIMS. Additionally, dry
needling of the MTrP has been reported to be an
effective mode of treatment for MPS.” The effect of
dry needling has been associated with the elicited local
twitch responses which were suggested to closely
relate to the activity (or pain intensity) of an MTrP.2”
The procedure of NEIMS invariably replicates a dry
needling process; therefore, the effects of NEIMS on
local twitch response and its association with MTrP
should also be explored as a possible mechanism for
the therapeutic effects of NEIMS in the future.

This study had several limitations. The ethical
issues surrounding the invasive nature of this treat-
ment prevented the recruitment of healthy controls.
The inherent bias of this condition could not be elim-
inated from the study. The limitations of laser Doppler
flowmetry also warrant consideration. This technique
is very sensitive to motion artifacts caused by tissue
movements that are not caused by blood flow. We
excluded some extreme values in an attempt to weed
out these artifacts. Changes in blood flow over time
might also be affected by probe placement precision.
Finally, this study did not cover long-term effects.
A quality-of-life survey would also be useful.

In conclusion, this study is in line with previous
studies that showed NEIMS to be a promising treat-
ment with immediate and mid-term therapeutic effects
on pain and ROM in MPS. However, its positive
effect on regional blood flow was only transient; results
did not indicate increased regional microcirculation
to be the positive mid-term effect mechanism. The
significance of correlation between blood flow and
therapeutic efficacy warrants further study.

References

1. Simons DG, Travell J, Simons LS. Mpyofascial Pain and
Dysfunction: The Trigger Point Manual: Volume 1, 2™ edition.
Baltimore: Williams & Wilkins, 1999.

2. Long SP, Kephart W. Myofascial pain syndrome. In: Ashburn
MA, Rice LJ, eds. The Management of Pain. Philadelphia:
Churchill Livingstone, 1998:299-321.

3. Hsueh TC, Cheng PT, Kuan TS, Hong CZ. The immediate
eftectiveness of electrical nerve stimulation and electrical muscle

205



10.

11.

12.

13.

14.

15.

stimulation on myofascial trigger points. Am J Phys Med Rebabil
1997;76:471-6.

Gerwin RD. Neurobiology of the myofascial trigger-points.
Baillieres Clin Rheumatol 1994;8:747-62.

Goddard MJ, Dean BZ, King JC. Pain rehabilitation: basic sci-
ence, acute pain, and neuropathic pain. Arch Phys Med 1994;
75:54-8.

Granges G, Littlejohn GO. A comparative study of clinical
signs in fibromyalgia /fibrositis syndrome, healthy and exercising
subjects. | Rheumatol 1993;20:344-51.

Hong CZ. Lidocaine injection versus dry needling to myofascial
trigger point. Am | Phys Med Rebabil 1994;73:256-63.

Chu J, Yuen KF, Wang BH, Chan RC, Schwartz I, Neuhauser D.
Electrical twitch-obtaining intramuscular stimulation in lower
back pain: a pilot study. Am | Phys Med Rehabil 2004;83:
104-11.

Lee JC, Lin DT, Hong C-Z. The effectiveness of simultancous
thermotherapy with ultrasound and electrotherapy with com-
bined AC and DC current on the immediate pain relief of
myofascial trigger point. | Musculoske Pain 1997;5:81-90.
Hong CZ. New trends in myofascial pain syndrome. | Chin
Med Assoc 2002;65:501-12.

Kahn J. Electrical modalities in the treatment of myofascial con-
ditions. In: Rachlin ES, ed. Myofascial Pain and Fibromyalyin,
Trigger Point Management. St Louis: Mosby, 1994:473-85.
Moore SR, Shurman J. Combined neuromuscular electrical
stimulation and transcutaneous electrical nerve stimulation for
treatment of chronic back pain: a double-blind, repeated meas-
ures comparison. Arch Phys Med Rehabil 1997,78:55-60.
Larsson SE, Bodegard L, Henriksson KG, Oberg PA. Chronic
trapezius myalgia: morphology and blood flow studied in 17
patients. Acta Orthop Scand 1990;61:394-8.

Larsson SE, Cai H, Oberg PA. Microcirculation in the upper
trapezius muscle during varying levels of static contraction,
fatigue and recovery in healthy women: a study using percuta-
neous laser-Doppler flowmetry and surface electromyography.
Eur ] Appl Physiol 1993;66:483-8.

Kan CB, Hsu CP, Tsao NW, Lai ST, Huang CH. Effects of ver-
apamil on coronary vascular resistance in rabbits: measurement
with pulsed Doppler velocimetry. J Chin Med Assoc 2001;64:
715-20.

206

S.H. Lee, et al

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wu CC. Pulse wave velocity: is it a practical diagnostic modality?
J Chin Med Assoc 2001;64:703-5.

Lin YP, Chen CH, Hsu TL, Yang WC, Ding PY. Sequential
tonometry as a practical method to estimate truncal pulse wave
velocity. J Chin Med Assoc 2001;64:693-702.

Chen JS, Hwang CL, Lee DY, Chen YT, Ting CT. Use of a
low profile Doppler angioplasty guidewire to evaluate the
effect of percutaneous coronary angioplasty on coronary artery
flow velocity. J Chin Med Assoc 1995;55:235-41.

Yang JM, Yang YC, Jeng CJ, Wang KG. Doppler velocimetry
study of maternal hemodynamics and fetal vascular pattern in a
case of chronic hypertension with superimposed severe preeclamp-
sia and impending fetal death. J Chin Med Assoc 1993;51:
462-7.

Larsson R, Oberg PA, Larsson SE. Changes of trapezius mus-
cle blood flow and electromyography in chronic neck pain due
to trapezius myalgia. Pain 1999;79:45-50.

Jeschonneck M, Grohmann G, Hein G, Sprott H. Abnormal
microcirculation and temperature in skin above tender point in
patients with fibromyalgia. Rbenmatology 2000;39:917-21.
Fischer AA. Pressure algometry over normal muscles: standard
values, validity and reproducibility of pressure threshold. Pain
1987;30:115-26.

Pittman RN. Oxygen supply to contracting skeletal muscle at
the microcirculatory level: diffusion vs. convection. Acta Physiol
Scand 2000;168:593-602.

Sherry JE, Ochrlein KM, Hegge KS, Morgan BJ. Effect of
burst-mode transcutaneous electrical nerve stimulation on
peripheral vascular resistance. Phys Ther 2001;81:1183-91.
Wikstrom SO, Svedman P, Svensson H, Tanweer AS. Effect of
transcutaneous nerve stimulation on microcirculation in intact
skin and blister wounds in healthy volunteers. Scand | Plast
Reconstr Sury Hand Surg 1999;33:195-201.

Cramp AF, Gilsenan C, Lowe AS, Walsh DM. The eftect of
high- and low-frequency transcutaneous electrical nerve stimu-
lation upon cutaneous blood flow and skin temperature in
healthy subjects. Clin Physiol 2000520:150-7.

Chen JT, Chung KC, Hou CR, Kuan TS, Chen SM, Hong
CZ. Inhibitory effect of dry needling on the spontaneous elec-
trical activity recorded from myofascial trigger spots of rabbit
skeletal muscle. Am J Phys Med Rehabil 2001;80:729-35.

J Chin Med Assoc * April 2008 e Vol 71 ¢ No 4



