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Abstract: Background: We aimed to determine the sympatholytic and clinical effects of low dose high frequency
ultrasound (US) applied on stellate ganglion in Complex Regional Pain Syndrome (CRPS) type | patients. Material
and method: Fourty-five patients with CRPS type | were randomly allocated into three groups. Pharmacological treat-
ment, transcutaneous electrical nerve stimulation (TENS), contrast bath and exercise were applied to all groups for
20 sessions. In addition to this treatment protocol, low dose high frequency US was applied on stellate ganglion as
0.5 watts/cm? in group I; 3 watts/cm? in group Il and as placebo in group Ill. Forty age and sex matched healthy
controls were served as controls. Sympathetic skin response (SSR) was used for determining the sympatholytic
effects of US. Pain was assessed with visual analog scale (VAS), limitation of total finger flexion was assessed with
finger pulp-distal crease distance, muscle strength was assessed with measuring the grip strength, upper extremity
disability was assessed with Disability of the Arm, Shoulder and Hand (DASH) scale before and after the treatment.
Results: All groups evalueted in terms of VAS score, finger pulp-distal crease distance, grip strength and DASH score
after the treatment. The improvements in those parameters were not statistically significant between the groups (P
> 0.05). SSR latency was significantly shorter in CRPS patients than controls (P < 0.05). Pre- and post-treatment
SSR amplitude and latency values were not different within patient groups (P > 0.05). The differences in pre- and
post-treatment SSR amplitude and latency values were not statistically different between patient groups (P > 0.05).
Conclusion: Low dose high frequency US applied on stellate ganglion did not make a sympathetic blockade and was
not of further benefit for pain, range of motion, grip strength and upper extremity disability in CRPS type | patients.
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Introduction and some invasive procedures such as epidural
clonidine, intratecal baclofen, spinal cord stim-
ulation, intravenous regional blockade, stellate
ganglion blockade and lumbar sympathetic
blockade with variable therapeutic success [3].
The presumed role of excessive sympathetic
nervous system outflow in key CRPS character-
istics was the traditional rationale for clinical

use of selective sympatholytic blocks (e.g. stel-

Complex Regional Pain Syndrome (CRPS) type |
and Il usually develops after a preceding nox-
ious event with or without a definable nerve
lesion and is characterized by continuous pain
or hyperalgesia/hyperesthesia disproportion-
ate to any initiating event, edema, skin blood
flow or sudomotor abnormalities on the affect-

ed limb [1]. Treatment of CRPS remains contro-
versial because of the multifactorial nature of
its pathophysiological mechanisms [2]. Various
clinical treatments are used for CRPS such as
pharmacological therapy, physiotherapy and
occupational therapy, motor imaginary program

late ganglion) for pain and symptom relief in
CRPS patients [2].

Stellate ganglion blockade is widely used, valu-
able but an invasive anesthetic technique in
CRPS treatment with possible serious side
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effects such as cardiac arrest [4], locked-in
syndrome [5] and convulsions [6]. Elec-
trophysical agents, for example diadynamic
currents are successfully used for stellate gan-
glion blockade in CRPS and its sympatholytic
effect is shown by sympathetic skin responses
(SSR) [7]. Therapeutic ultrasound (US), a non-
invasive and easily applicable electrophysical
agent with no side effects has been used for
sympatholytic effect in CRPS patients [8-10].
Although good clinical response had been
reported, the sympatholytic effect has not been
objectively documented in those studies.

The aim of this study was to examine the sym-
patholytic effect of low dose high frequency US
applied on stellate ganglion in two different
doses (0.5 watts/cm? vs 3 watts/cm?, both at 1
MHz frequency) in upper extremity CRPS type |
by using SSR for determining the sympathetic
effect. We also investigated the clinical effects
of low dose high frequency US in CRPS type | in
terms of pain, range of motion, grip strength
and upper extremity disability.

Material and methods

Forty-five patients with upper extremity CRPS
type 1 who admitted to outpatient clinic of our
hospital and 40 healthy controls were included
in this randomised controlled, parallel group
study with a 1:1:1 allocation ratio. CRPS type |
diagnosis was made according to IASP Con-
sensus Report [11]. The patients with periph-
eral or central nerve lesions, diabetes mellitus,
severe heart failure, severe hypertension, car-
diac conduct disorders, chronic obstructive pul-
monary disease, chronic alcoholism, rheumato-
logic disease, malignancy or thyroid disease
and/or patients using anticholinergic or antihy-
pertensive medications were not included in
the study. Age, gender and the type of injury
that caused CRPS were recorded. Body mass
index (BMI) was calculated with the formula kg/
mZ2. Blood count, biochemistry, C-reactive pro-
tein and erythrocyte sedimentation rates were
recorded.

Patients were randomly divided into 3 groups
by picking cards in different colors. First, three
groups of cards (each group consisted of 15
cards) in 3 different colors (blue for 3 watts/
cm?, pink for 0.5 watts/cm?, yellow for placebo)
were prepared. Patients were asked to choose
a card before starting the treatment. The US
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dose was determined according to the color of
the selected card and it was recorded. The ran-
domization process was performed by another
physician. No information was given to patients
and to the physician who will make assess-
ments and US application about the random-
ization process until the end of the study. Group
| (n = 15) received 0.5 watts/cm?; group Il (n =
15) received 3 watts/cm?and group Ill received
placebo US (n = 15) on stellate ganglion for 5
minutes/day, for 20 sessions.

All the patients took the same medication
including 500 mg/day vitamin C, Gabapentin
(dose: 1800 mg/day) and Prednisolone (dose:
30 mg/day-2 weeks, stopped within next 2
weeks). Before and after the treatment the
severity of the pain experienced at rest was
assessed on a 10 cm visual analog scale (VAS)
(0 = no pain, 10 = severe pain).

Therapeutic US applications on stellate gangli-
on were applied by placing the ultrasound
heading on the level of transverse process of
the seventh vertebra and 3-4 cm above the
sternoclavicular joint [12]. Therapeutic US
doses were 0.5 watts/cm? and 3 watts/cm?,
both in 1 MHz frequency, for 5 minutes, by
using 1 cm? US heading and therapeutic US
device Enraf Nonius brand Sonopuls 590
model. Pulsed pattern was 1:4. Placebo appli-
cation was performed with the same technique
and duration as the other applications when
the device was off.

Conventional transcutaneous electrical nerve
stimulation (TENS) applications were per-
formed with Enraf Nonius brand Endomed
582ID product to the painful area of the affect-
ed extremity once a day, 20 minutes for a peri-
od of 100 hertz (Hz) frequency, to the level that
the amplitude would remain under the motor
threshold level [13]. Contrast bath applications
were performed by using Ewac brand device,
made of stainless steel, ground-mounted with
faucets and tubs input for hot and cold water.
By putting the affected upper extremity into the
38°C hot water for 4 minutes and then putting
into the 4°C cold water for 1 minute and in total
20 minutes of contrast bath application was
performed [13].

Active, active assistive and passive range of
motion (ROM) exercises to the wrist and fin-
gers, stretching exercises, progressive resis-
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tance exercises were performed once a day, as
2 sets with 15 repetitions for each exercise
[14]. The mirror box exercises were applied for
30 minutes [15].

Outcome measures of our study were finger
pulp-distal crease distance for determining the
limitation of total finger flexion, grip strength for
muscle strength and disability of the arm,
shoulder and hand (DASH) scale for determin-
ing the upper extremity disability. All tests were
performed before and after the treatment
protocol.

Finger pulp-distal crease distance were mea-
sured with a ruler and recorded [16]. Grip
strength was evaluated with Jamar hydraulic
hand dynamometer (Sammons Preston, Inc.,
Bollingbrook, IL) as "kg" unit. To measure grip
strength, standard test positions of the
American Physiotherapists Hand Association
were used [17]. All measurements were per-
formed by the same physician when the
patients were sitting and the shoulders were in
adduction and neutral rotation, 90° elbow flex-
ion, neutral forearm position, 0°-30° wrist
dorsiflexion and 0°-15° ulnar flexion. Mea-
surements were done 3 times to calculate the
average value. The Jamar dynamometer was
held from the top and the bottom by the person
in charge to make sure that the weight of the
device itself does not effect the measurement
when estimating the values. To evaluate the
upper extremity functional disability, the Turkish
version of DASH scale was used. This scale is
accepted as the easiest and the most valid cri-
teria which assesses upper extremity disability
and symptoms and which is used in the mea-
surement of upper extremity function. The main
part of the DASH scale consists of 30 items
assessing the health status of the patient.
These items contain scaling the patient’s diffi-
culties in performing different physical activi-
ties because of arms, shoulder and hand prob-
lems (21 items); assessment of the status of
the pain, activity-related pain, weakness, stiff-
ness (5 items) and social activities, work, sleep,
personality (4 items). Every item contains 5
answers. The DASH score is calculated through
the total scores and low score indicates good
function [18].

Sympathetic skin response measurements
were performed from the affected extremities
of the patients before and after the treatment;
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from the dominant hand of controls before the
treatment. The recordings were conducted with
the device Cadwell Sierra Wedge brand 2-chan-
nel EMG, in a calm and bright room with a
22-24°C room temperature between 03:00
pm-05:00 pm when the patient was in supine
position. Prior to measurement, patients’ vital
signs were watched closely to make sure they
are normal. Measurements were done after 10
minutes of rest. After the patients’ hands and
wrists were wiped with alcohol to reduce the
skin resistance, the active electrode was
placed to palmar surface of the third metacar-
pal bone and the reference electrode was
placed on the dorsal surface of the hand. To
increase the transmission, ultrasound gel was
applied under the electrodes. The ground elec-
trode was placed on the same forearm area.
The stimulations were given 5 times with at
least a 30 second break from the opposite side
of the wrist median nerve for a period of 0.2
milliseconds, between 15-30 mA. The obtained
appropriate latency and amplitude values were
recorded by taking the average [7].

Informed consent was obtained from all pa-
tients according to the Decleration of Helsinki.
The study was approved by the Ethical Com-
mittee of our institution.

Statistical analyses

The statistical analyses of the study were per-
formed by using the program Statistical
Package for Social Sciences (SPSS) 15.0. Age,
BMI, SSR amplitude and SSR latency values of
the patients and healthy controls were com-
pared by using Independent Samples t test.
Chi-square test was performed to compare the
groups for gender, type of the injury, affected
side and dominant hand. Kruskal-Wallis test
was performed to compare the groups for the
median age, BMI, duration between the on set
of disease and start of the therapy, pre- and
post-treatment median VAS score, finger pulp-
distal crease distance, grip strength, DASH
score, SSR amplitude and SSR latency. The
median pre- and post-treatment VAS, pulp-dis-
tal crease, grip strength, DASH, SSR amplitude,
and SSR latency values within the study groups
were compared with Wilcoxon test. The differ-
ence in the pre- and post-treatment median val-
ues of VAS, finger pulp-distal crease distance,
grip strength, DASH score, SSR amplitude, and
SSR latency values were calculated by sub-
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Figure 1. Flow diagram of the study.

Table 1. Characteristics of the CRPS type-1 patient groups

Group I (n=13) Group Il (n=13) Group lll (n=14)

(0.5 wt/cm?) (3 wt/cm?) (Placebo) P
Age (years) 45.0(23.069.0)  46.0(23.0-69.0)  44.0(22.0-69.0) 0971
Gender (female/male) 7/6 7/6 5/9 0.816
BMI (kg/m?) 245(19.1-35.0)  27.3 (21.5-32.4) 30.5(20.937.7)  0.084
Dominant hand (right/left) 12/1 12/1 14/0 0.567
Affected side (right/left) 6/7 5/8 2/12 0.180

Duration between the onset of disease and start of therapy (day)

57.0 (38.0-156.0) 62.0 (25.0-161.0) 70.5 (15.0-162.0) 0.477

straction of pre-treatment values from post-
treatment values and compared with Kruskal-
Wallis test. Results were given as mean * stan-
dard deviation (SD) and median (min-max)
values.

Results

Fifty patients with CRPS type | were assessed
for eligibility. Five patients who declined to par-
ticipate were excluded. Fourty-five patients
were randomised. Two patients from group I, 2
patients from group Il and 1 patient from group
Il who did not come to therapy sessions regu-
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larly were excluded. Thirteen patients from
group |, 13 patients from group Il and 14
patients from group lll, a total of 40 patients
(F/M:19/21) completed the study (Figure 1).

The mean age of the patients was 45.17 +
13.44 years and the mean BMI of the patients
was 27.53 + 4.74 kg/m2. The mean age of the
controls (F/M:23/17) was 45.82 + 13.54 years
and the mean BMI of the controls was 27.56 +
5.05 kg/m2. There was no statistically signifi-
cant difference between the patients and con-
trols for age and BMI (P = 0.826 and P = 0.974
respectively). The median age and median BMI
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Table 2. Comparison of SSR amplitude and SSR latency between CRPS patients and controls at the beginning of the study (mean + SD)

Group | (n = 13) (0.5 wt/cm?) Group Il (n = 13) (3 wt/cm?) Group Ill (n = 14) (Placebo)
Pre-treatment Post-treatment p Pre-treatment Post-treatment p Pre-treatment Post-treatment p
VAS score (0-10) 4.0 (2.0-8.0) 0 (0.0-6.0) 0.001 3.0 (2.0-7.0) 0 (0.0-1.0) 0.001 4.0 (2.0-6.0) 0 (0.0-1.0) 0.001
Finger pulp-distal crease distance (cm) 3.0(0.0-7.0) 0 (0.0-5.0) 0.002 1.5 (0.0-5.0) 0 (0.0-2.0) 0.001 3.2 (0.0-6.5) 0 (0.0-4.0) 0.001
Grip strength (kg) 5.0 (0.5-19.0) 14.0 (1.0-24.0) 0.002  8.0(2.0-28.0) 15.0 (8.0-41.0) 0.008 3.5(2.0-12.0) 12.0 (5.0-22.0) 0.003
DASH score 88.3 (50.0-114.0) 51.6(31.6-105.0) 0.001 72.5(49.1-110.8) 37.5(25.0-71.6) 0.001 77.9(60.8-106.0) 37.4 (25.0-96.6) 0.001

Table 4. Comparison of pre- and post-treatment SSR amplitude and SSR latency within the groups [median (min-max)]
Group | (n = 13) (0.5 wt/cm?) Group Il (n = 13) (3 wt/cm?) Group Il (n = 14) (Placebo)
Pre-treatment Post-treatment p Pre-treatment Post-treatment p Pre-treatment Post-treatment p
SSR amplitude (uv)  700.0 (333.2-1840.7)  555.2 (203.1-1451.3) 0.861  729.5(311.1-2134.2)  694.4 (410.9-2075.4) 0.972 685.6 (230.1-1512.4)  693.5 (133.7-1961.6)  0.925
SSR latency (sec) 1447.2 (527.3-2030.0) 1350.0 (1071.8-1900.0) 0.701 1420.3 (1100.0-1626.5) 1515.6 (1251.4-1704.6) 0.071 1424.2 (786.4-1925.7) 1445.5(1025.9-1862.3) 0.433
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Table 3. Comparison of the pre-treatment VAS, finger pulp-distal
crease distance, grip strength, DASH score within the groups

[median (min-max)]

cant difference was detected
between the groups for the pre-
treatment pulp-distal crease dis-

CRPS patients (n = 40) Controls (n = 40) p

tance and hand grip strength (P

SSR amplitude (pv)
SSR latency (sec)

800.87 + 448.88

901.890 + 642.02 0.409 = res
137618 + 290.21  1510.49 + 223.76 0.018  tvely). There were statistically

= 0.317 and P = 0.161, respec-

of group | (F/M:7/6) were 45.0 (23.0-69.0)
years and 24.5 (19.1-35.0) kg/m2; the median
age and the median BMI of group Il (F/M:7/6)
were 46.0 (23.0-69.0) years and 27.3 (21.5-
32.4) kg/m?; the median age and the median
BMI of group Il (F/M:9/5) were 44.0 (22.0-
69.0) years and 30.5 (20.9-37.7) kg/m2. There
were no statistically significant differences
between the groups for age, gender and BMI
(p = 0.971, P = 0.816 and P = 0.084 res-
pectively).

The duration between the development of
CRPS and the start of therapy were 57.0 (38.0-
156.0) days in group I; 62.0 (25.0-161.0) days
in group Il and 70.5 (15.0-162.0) days in group
Ill. There were no significant differences be-
tween the groups regarding the duration to the
development of CRPS and the start of therapy
(P=0.477), the dominant hand (P =0.567) and
the affected side (P = 0.180) (Table 1).

Eighteen patients were house-wives, 10 were
laborers, 7 were retired, 3 were officers, 1 was
manager and 1 was student. Fracture of distal
radius (n = 17), tendon injury (n = 10), contu-
sion of the hand (n = 5), surgery for carpal tun-
nel (n = 4), fracture of elbow (n = 2), fracture of
humerus (n = 1) and fracture of finger (n = 1)
initiated CRPS type I.

The median pre-treatment VAS was 4.0 (2.0-
8.0) in group |, 3.0 (2.0-7.0) in group Il and 4.0
(2.0-6.0) in group Ill. The median pre-treatment
DASH score was 88.3 (50.0-114.0) in group |,
72.5 (49.1-110.8) in group Il and 77.9 (60.8-
106.0) in group Ill. There was no significant dif-
ference between the groups for the median
pre-treatment VAS and DASH scores (P =0.128
and P = 0.173 respectively). The median pre-
treatment pulp-distal crease distance was 3.0
(0-7.0) cm in group |, 1.5 (0-5.0) cm in group I
and 3.2 (0-6.5) cm in group lll. The median pre-
treatment grip strength was 5.0 (0.5-19.0) kg in
group |, 8.0 (2.0-28.0) kg in group Il and 3.5
(2.0-12.0) kg in group lll. No statistically signifi-
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significant differences for the
median pre- and post-treatment

VAS score, pulp-distal crease, grip strength and
DASH score values within the groups (P <
0.001) (Table 2).

Pre-treatment SSR latency were significantly
shorter in CRPS patients than controls (P =
0.018). Pre-treatment SSR amplitude values
were not different between CRPS patients and
controls (P = 0.409) (Table 3). The median pre-
treatment SSR amplitude was 700.0 (333.2-
1840.7) uv in group |, 729.5 (311.1-2134.2) uv
in group Il and 685.6 (230.1-1512.4) v in
group lll. The median pre-treatment SSR laten-
cy was 1447.2 (527.3-2030.0) sec in group |,
1420.3 (1100.0-1626.5) sec in group Il and
1424.2 (786.4-1925.7) sec in group lIl. Groups
were not statistically different from each other
for the median pre-treatment SSR amplitude
and SSR latency (P = 0.875 and P = 0.947).
When pre- and post-treatment SSR amplitude
and SSR latency values were compared within
groups, no statistically significant difference
was found (P > 0.05) (Table 4). No significant
differences were detected between the groups
for the pre- and post-treatment median values
of VAS, finger pulp-distal crease distance, hand
grip strength, DASH score, sympathetic skin
response amplitude and latency values (P >
0.05) (Table 5).

Discussion

This is the first randomized placebo-controlled
study which evaluates the sympatholytic and
clinical effects of low dose high frequency ther-
apeutic ultrasound applied on stellate ganglion
in patients with CRPS type 1. Applying thera-
peutic US on stellate ganglion for sympatholytic
effect has been known for a long time but few
studies were performed in this issue. Four
decades ago, Goodman [8] applied pulsed US
on stellate ganglion in 7 CRPS type 1 patients
and reported excellent outcome. Portwood [9]
reported daily therapeutic low dose ultrasound
therapy (0.5 watts/cm?) to the tarsal tunnel and
plantar nerve distribution to be a safe and use-
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Table 5. Comparison of the differences in the pre- and post-treatment values of VAS score, finger
pulp-distal crease distance, grip strength, DASH score, SSR amplitude and SSR latency between the

groups [median (min-max)]

Group | (n = 13)

Group Il (n=13) Group Il (n = 14)

(0.5 wt/cm?) (3 wt/cm?) (Placebo) P
VAS score (0-10) -2.0 [-56.0-(-1.0)] -3.0 [-6.0-(-2.0)] -3.5 [-5.0-(-2.0)] 0.067
Finger pulp-distal crease distance (cm) -2.0 (-4.0-0.0) -1.5 (-5.0-0.0) -2.2 (-4.5-0.0) 0.729
Grip strength (kg) 8.0 (0.0-15.0) 6.0 (1.0-37.0) 7.0 (2.0-14.0) 0.879
DASH score -26.7 [-564.2-(-6.7)] -30.8 [-72.5-(-5.8)] -32.1 [-71.6-(-4.1)] 0.320

SSR amplitude (pv)
SSR latency (sec)

-91.7 (-1285.4-496.4)
-101.5 (-350.0-777.3)

45.0 (-1228.6-474.8) 108.6 (-1327.4-891.6) 0.926
82.8 (-176.3-241.0) -14.4 (-346.9-602.6) 0.387

ful treatment in three cases of lower extremity
CRPS who refused surgical sympathectomy.
Hazneci et al. [10] applied pulsed US on stellate
ganglion in 3 watts/cm? dose in 14 CRPS type
1 patients and reported more pain relief and
better muscle power measurements when
added to physical activity program than physi-
cal therapy program alone. We applied thera-
peutic US to our patient groups in 0.5 watts/
cm? or 3 watts/cm? doses to compare the
effects of the two different doses which previ-
ously have been used in the literature and ther-
apeutic US did not provide an additional clinical
benefit in either doses in our patient groups.
The disparity between our results and the previ-
ous studies may be due to the different study
methodologies. The number of patients includ-
ed in those studies were quite limited and none
of them had placebo or control groups. The
results were highly observational and the
response of the sympathetic system to US
application was not documented.

Pain reduction is not supposed to be a reliable
indicator of successful sympathetic blockade,
because patients may suffer from SIP (sympa-
thetic independent pain), or factors like place-
bo response may contribute to a false interpre-
tation of pain relief after stellate ganglion
blockade. Thus, only a physiological measure-
ment of sympathetic nervous function is able to
prove sympathetic blockade efficacy [19]. SSR
is defined as a change in the electrical potential
of the skin after arousing stimuli, e.g. by activa-
tion of mechanosensitive A-beta or A-delta
fibers. Thus, while skin response is not spesific
for painful stimuli, it usually allows differentiat-
ing the autonomic response in respect to stimu-
lus intensity. The reflex loop includes the ante-
rior cingulate cortex, the anterior hypothala-
mus, the intermediolateral column of the spinal
cord and the sympathetic ganglia [20]. Bolel et
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al. [7] reported SSR as a useful method for
evaluating the response to sympathetic block-
ade in CRPS type 1. SSR is supposed to be
increased because of the excessive sympathet-
ic activity in CRPS [21, 22]. SSR latency was
less in our patients with CRPS when compared
to healthy controls at the beginning of our
study. This result is in compatible with the pre-
vious work in terms of latency which had report-
ed shorter SSR latency [7, 21, 23]. However in
the present study we did not find a higher SSR
amplitude in CRPS patients as detected in
those studies. As the density of sweat glands
determines the amplitude of SSR, the reason
for the absence of amplitude change may be
due to the unchanged density of sweat glands
due to the absence of peripheral nerve lesion in
CRPS type I.

In the present study low dose high frequency
US therapy used on stellate ganglion did not
make a sympathetic blockade at either 0.5
watts/cm? or 3 watts/cm? doses. We could not
meet any other similar studies in the literature,
which measured SSR after stellate ganglion
application of low dose high frequency US in
CRPS. Therefore, we could not compare our
results with such a study.

The action mechanism of US on stellate gangli-
on remains largely unknown. In general, ‘low’
intensity therapeutic US (0.125-3 W cm?) has
been used as a standard treatment option for
soft tissue injuries in physiotherapy clinics, and
it is used in some centres for wound healing
and treating venous leg ulcers [24, 25] Low
intensity US was reported to stimulate normal
physiological responses to injury to aid repair
[25]. Hong and Henneman [26] reported that
US therapy at a therapeutic dosage (0.5-2
watts/cm?) may cause a reversible conduction
block in peroneal nerves with painful polyneu-
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ropathy. Portwood et al. [9] hypothesized that
the action mechanism of US may be that US
affected peripheral sympathetic nerve fibers
and/or increased blood flow. However Portwood
et al.’s hypothesis was not supported with an
objective data. These studies were method-
ologically different from our study because
Hong and Henneman and Portwood et al.
applied therapeutic US on the peripheral nerves
instead of stellate ganglion.

In conclusion, we found that low dose high fre-
quency US therapy used on stellate ganglion
did not make a sympathetic blockade at either
0.5 watts/cm? or 3 watts/cm? doses and was
not of further benefit for pain, pulp-distal crease
distance, grip strength and upper extremity dis-
ability in patients with CRPS type I. However the
limited number of patients in our study is an
important limitation to make precise conclu-
sions. Studies with larger sample size are need-
ed in this issue.
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