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Objective  To investigate the comparative treatment effects of ultrasound-guided pulsed radiofrequency treatment 
(UG-PRF) in the gastrocnemius interfascial space and ultrasound-guided interfascial injection (UG-INJ) on 
myofascial pain syndrome. 
Methods  Forty consecutive patients with myofascial pain syndrome of the gastrocnemius were enrolled and 
were allocated to one of the two groups. Twenty patients were treated by UG-PRF delivered to the gastrocnemius 
interfascial space (UG-PRF group) and the other 20 patients were treated by interfascial injection (UG-INJ group). 
The primary outcome measure was the numeric rating score (NRS) for pain on pressing the tender point in the 
gastrocnemius, and the secondary outcome measure was health-related quality of life as determined by the Short 
Form-36 questionnaire (SF-36). NRSs were obtained at the first visit, immediately after treatment, and at 2 and 4 
weeks post-treatment, and physical component summary scores (PCS) and mental component summary scores 
(MCS) of the SF-36 questionnaire were measured at the first visit and at 4 weeks post-treatment.
Results  Immediately after treatments, mean NRS in the UG-PRF group was significantly higher than that in the 
UG-INJ group (p<0.0001). However, at 2 and 4 weeks post-treatment, the mean NRS was significantly lower in the 
UG-PRF group (both p<0.0001). Similarly, at 4 weeks post-treatment, mean PCS and MCS were significantly higher 
in the UG-PRF group (p<0.0001 and p=0.002, respectively).
Conclusion  Based on these results, the authors conclude that ultrasound-guided gastrocnemius interfascial PRF 
provides an attractive treatment for myofascial pain syndrome of the gastrocnemius.
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INTRODUCTION

Myofascial pain occurs in about 30% of patients who 
attend general clinics, and an even more in the tertiary 
pain clinic setting [1]. This type of pain causes many 
functional and psychiatric problems, including anxiety 
and depression. In particular, myofascial pain in the gas-
trocnemius is a well-known cause of diminished quality 
of life that causes nocturnal cramps, heel pain, and re-
stricted ankle dorsiflexion [2].

The gastrocnemius is wrapped with fascia, which is 
composed of undifferentiated mesenchymal tissues that 
wrap around or form packing material between spe-
cialized organs and tissues [3]. Muscle fascia has many 
functions in addition to protecting or creating osteofas-
cial compartments for muscles and it is involved in the 
etiopathogenesis of numerous extra-articular pain syn-
dromes [4]. Hence, new knowledge of the functions and 
anatomical arrangements of fasciae is increasingly being 
applied in areas like anesthesia and pain treatment [5]. 
During the past several decades, many types of pain relief 
methods, such as acupuncture, trigger point injections, 
stretching exercises, intramuscular electric stimulation, 
and physical therapies, have been developed and used 
to relieve myofascial pain [5-7]. Among these treatments, 
interfascial injection has been the mainstay of myofascial 
pain management for reducing acute and localized pain 
[8,9].

Pulsed radiofrequency (PRF) treatment is a minimally 
neurodestructive alternative to radiofrequency heat le-
sions [10]. The mechanism responsible for the action of 
PRF remains unclear, although there is some evidence for 
a neuromodulatory effect [11]. PRF has been used to treat 
trigger points [12,13]. However, to the best of our knowl-
edge, only one previous study has demonstrated the ef-
fect of PRF on the gastrocnemius for managing plantar 
heel pain [14]. 

In the present study, we compared the treatment effects 
of PRF and interfascial injection on myofascial pain syn-
drome of the gastrocnemius. Specifically, we investigated 
and compared the effects of ultrasound-guided pulsed 
radiofrequency treatment (UG-PRF) delivered to the 
gastrocnemius interfascial space and ultrasound-guided 
interfascial injection (UG-INJ). 

MATERIALS AND METHODS

Subjects
This study was conducted using a prospective, random-

ized, and controlled clinical trial design. Patients were 
recruited from the rehabilitation department of Yeung-
nam University Medical Center from January 2015 to July 
2015 using the following inclusion criteria [15,16]. (1) Age 
≥18 and ≤65 years. (2) A complaint of myofascial pain in 
the gastrocnemius or pain in the calf area radiating to 
the heel and sole. Pain was not confined to one derma-
tome or myotome, and physical examinations revealed 
taut bands and one or more identifiable trigger points 
in the gastrocnemius. (3) Symptoms that had persisted 
for at least 3 months. (4) Normal neurological examina-
tion findings for deep tendon reflexes, manual muscle 
tests, and sensory examinations. (5) The absence of other 
diagnosed conditions, such as lumbar radiculopathy or 
nerve entrapment syndromes. Based on the patient’s 
history and physical examination, additional workup 
such as lumbar spine magnetic resonance imaging and 
electromyography was performed if distinction between 
myofascial pain in the gastrocnemius and other diag-
nosed conditions was not clear. And (6) the presence of 
pain on pressing the tender point in the gastrocnemius, 
rated at ≥4 points on the numeric rating scale (NRS). The 
exclusion criteria applied were as follows: (1) pregnancy; 
(2) the presence of coagulopathy, or the use of antico-
agulants; (3) an inability to understand the instructions 
or complete the questionnaire; (4) gastrocnemius muscle 
pain caused by inflammatory, malignant, or autoimmune 
disease; (5) the presence of a chronic medical condition 
that might preclude participation in the study, such as 
malignancy, systemic inflammatory disorder, a neuro-
logical abnormality, sciatica, and/or chronic pain; (6) 
a history of surgery on the gastrocnemius muscle; and 
(7) known hypersensitivity to metals. Forty patients (21 
males, 19 females; mean age, 50.1±9.7 years; range, 34–65 
years) were recruited. Informed consent was obtained 
from all participants, and the study protocol was ap-
proved beforehand by the Institutional Review Board of 
Yeungnam University Medical Center. 

Randomization
The 40 study subjects with myofascial pain syndrome of 

the gastrocnemius muscle were assigned to two equally 



Effects of Ultrasound-Guided Interfascial Pulsed Radiofrequency on Myofascial Pain Syndrome of the Gastrocnemius

887www.e-arm.org

sized groups, i.e., the UG-PRF group or the UG-INJ group, 
by a nurse using a random table. Subjects in both groups 
were requested not to use any oral medication during the 
4-week study period.

Intervention
To increase the accuracy of PRF and interfascial injec-

tion, ultrasound imaging was used to avoid unintentional 
damage to these important structures, with no irradiation 
delivered to the patients.

Briefly, PRF was performed with the patient in the 
prone position. The tender point was established physi-
cally (a hypersensitive bundle or nodule of muscle fiber 
of harder than normal consistency on palpitation) [17,18]. 
The skin over the tender point was marked and sterilized 
by Hexial 2% solution (ethanol+chlorhexidine gluco-
nate 2%), and a sterile surgical towel was placed on the 
patient. A linear array transducer probe (LOGIQ P6; GE 

Healthcare, Waukesha, WI, USA) was used to scan the 
marked area in the sagittal and axial planes. Initially, the 
probe was used to identify the gastrocnemius and its fas-
cia. After taking all preparatory steps mentioned above, 
a local anesthetic (1% lidocaine) was administered by 
skin infiltration, and then, under ultrasound guidance, a 
22-gauge 10 cm needle with a 5-mm tip Cosman radiofre-
quency cannula (CC10522; Cosman Medical, Burlington, 
MA, USA) was inserted into the gastrocnemius interfas-
cial space. Before starting PRF, 5 mL of normal saline was 
infused through the needle to separate the gastrocne-
mius interfascial space for identification purpose and to 
ensure correct needle positioning (Fig. 1). After the PRF 
needle was connected to a PRF electrode, the interfascial 
area was treated by a Cosman G4 radiofrequency genera-
tor (Cosman Medical). The following modes were used: 
(1) maximal temperature 42oC, (2) duration 6 minutes, 
(3) voltage 55 V, (4) pulse rate 5 Hz, and (5) pulse width 5 

A B

UG-PRF group UG-INJ group

Fig. 1. Ultrasound images showing the needle point in the interfascial space of UG-PRF group and UG-INJ group. (A) 
UG-PRF group: the probe identified the gastrocnemius (x) and its fascia (arrow head). A 22-gauge 10 cm needle with a 
5-mm tip was inserted into the gastrocnemius interfascial space (arrow). Before starting PRF, 5 mL normal saline was 
infused through the needle and it separated the gastrocnemius interfascial space to better identify that space and bet-
ter position the needle into that space (hollow arrow head). (B) The UG-INJ group: the probe identified the gastroc-
nemius (x) and its fascia (arrow head). A 22-gauge 10 cm needle with a 5-mm tip was inserted into the gastrocnemius 
interfascial space (arrow). Under ultrasound guidance, 10 mL of 0.2% lidocaine was injected into the gastrocnemius 
interfascial space (hollow arrow head). UG-PRF, ultrasound-guided pulsed radiofrequency treatment; UG-INJ, ultra-
sound-guided interfascial injection.
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ms. When a patient had more than one tender point, the 
procedure was repeated at each tender point. 

The preparatory steps used in the UG-INJ group were 
identical to those described above for the UG-PRF group, 
and under ultrasound guidance, 10 mL of 0.2% lidocaine 
was injected into the gastrocnemius interfascial space 
around the tender point using an identical PRF needle [5] 
(Fig. 1). When a patient had more than one tender point, 
the procedure was repeated at each tender point, but 
only up to 20 mL of injection was administered regardless 
of the number of tender points. 

Patients did not receive any medication after treatment 
and were discharged on the same day. PRF treatment and 
interfascial injection were administered by the same phy-
sician, but assessments and follow-up were conducted by 
other investigators who were not aware of group assign-
ments.

Outcomes measures
As a primary outcome measure, we measured pain in-

tensity of tenderness on the gastrocnemius muscle using 
an 11-point NRS (0, no pain; 10, the worst pain imagin-
able) [19]. If there was more than one tender point, we 
used the NRS value of the most severe tender point. The 
secondary outcome measures were the Health Survey 
physical component summary (PCS) and mental com-
ponent summary (MCS) subscores of Short Form 36 
(SF-36; each measured on a 0- to 100-point scale, where 
higher scores indicate better health) [20]. Blinded assess-
ments were made by a medical specialist. The NRS was 
obtained at the first visit to the clinic, immediately after 
treatment, and at 2 and 4 weeks post-treatment, and PCS 
and MCS were measured at the first visit and at 4 weeks 
post-treatment. Possible adverse events were assessed 
by the medical specialist on days 1, 7, 14, 21, and 28 after 
treatment.

Statistical analysis 
The analysis was performed using SPSS ver. 17.0 soft-

ware (SPSS Inc., Chicago, IL, USA). The Mann-Whitney 
test and the chi-square test were used to determine the 
significance of differences between the UG-PRF and UG-
INJ groups, and the Wilcoxon test and the Friedman test 
were used to analyze individual score changes. Statistical 
significance was accepted for p-values of <0.05. 

RESULTS

Forty patients aged 34 to 65 years were enrolled, and all 
patients successfully completed the follow-up. Age, sex, 
the number of tender points, pain severity (NRS) and the 
PCS and MCS of SF-36 were not significantly different 
between the UG-PRF and UG-INJ groups. Patient charac-
teristics are provided in Table 1.

Mean NRSs in both groups were significantly lower im-
mediately after treatment than pre-treatment (mean NRS 
5.0±0.7 and 2.0±0.6 in the UG-PRF and UG-INJ groups 
immediately after treatment; p=0.008 and p<0.0001 in 
the UG-PRF and UG-INJ groups). In the UG-PRF group, 
mean NRS at 2 weeks post-treatment was significantly 
lower than that immediately after treatment (mean NRS 
2.6±0.9 at 2 weeks post-treatment; p<0.0001). However, 
mean NRSs at 2 and 4 weeks post-treatment in the UG-
PRF group were not significantly different (mean NRS 
2.4±1.0 at 4 weeks post-treatment; p=0.302), and mean 
PCS and MCS at 4 weeks post-treatment were signifi-
cantly higher than those pre-treatment (mean PCS and 
MCS 41.7±7.3 and 44.0±5.9 at 4 weeks post-treatment; 
p<0.0001). On the other hand, in the UG-INJ group, mean 
NRS at 2 weeks post-treatment was significantly higher 
than that immediately after treatment (mean NRS 4.3±0.9 
at 2 weeks post-treatment; p<0.0001), but at 4 weeks 

Table 1. Demographic characteristics of the UG-PRF and 
UG-INJ groups

UG-PRF 
group

(n=20)

UG-INJ 
group

(n=20)

p- 
value

Age (yr) 48.9±8.5 51.3±10.0 0.4

Sex (male:female) 11:9 10:10  

Number of tender points 2.4±0.5 2.3±0.4 0.8

NRS (pre-treatment) 5.5±0.9 5.2±1.0 0.4

SF-36

   PCS 31.0±4.5 32.0±3.3 0.1

   MCS 34.8±3.7 36.8±3.5 0.06

Values are presented as mean±standard deviation or 
number.
UG-PRF, ultrasound-guided pulsed radiofrequency treat-
ment; UG-INJ, ultrasound-guided interfascial injection; 
NRS, numeric rating scale; SF-36, Short Form-36; PCS, 
physical component summary score of SF-36; MCS, men-
tal component summary score of SF-36.
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post-treatment, mean NRS was not significantly higher 
than that at 2 weeks post-treatment (mean NRS 4.0±0.8 
at 4 weeks post-treatment ; p=0.058). Mean PCS and 
MCS in the UG-INJ group were significantly higher at 4 
weeks post-treatment than pre-treatment (mean PCS and 
MCS 32.9±2.8 and 37.8±3.6 at 4 weeks post-treatment; 
p<0.0001).

Immediately after treatment, mean NRS was signifi-
cantly higher in the UG-PRF group than in the UG-INJ 
group (mean NRS 5.0±0.7 and 2.0±0.6 in the UG-PRF and 
UG-INJ groups; p<0.0001), but at 2 weeks post-treatment, 
mean NRS was significantly lower in the UG-PRF group 
(mean NRS 2.6±0.9 and 4.3±0.9 in the UG-PRF and UG-
INJ groups; p<0.0001). At 4 weeks post-treatment, mean 
NRS was significantly lower in the UG-PRF group than in 
the UG-INJ group (mean NRS 2.4±1.0 and 4.0±0.8 in the 

UG-PRF and UG-INJ groups, p<0.0001); similarly, mean 
PCS (mean PCS 41.7±7.3 and 32.9±2.8 in the UG-PRF and 
UG-INJ groups, p<0.0001) and mean MCS (mean MCS 
44.0±5.9 and 37.8±3.6 in the UG-PRF and UG-INJ groups; 
p=0.002) were significantly higher in the UG-PRF group. 
Adverse events were observed in the UG-INJ group im-
mediately after treatment; 2 patients complained of diz-
ziness and nausea. Results are summarized in Table 2. 
Fig. 2 presents the change in mean NRSs between the 
UG-PRF and UG-INJ groups over time.

DISCUSSION

The results of this randomized trial show that UG gas-
trocnemius interfascial PRF has longer term effects on 
myofascial pain syndrome of the gastrocnemius, as de-

Table 2. Outcomes of the UG-PRF and UG-INJ groups

UG-PRF group UG-INJ group p-value
NRS

   Pre-treatment 5.5±0.9 5.2±1.0 0.40

   Immediately after treatment 5.0±0.7 2.0±0.6 <0.001***

   2 weeks 2.6±0.9 4.3±0.9 <0.001***

   4 weeks 2.4±1.0 4.0±0.8 <0.001***

   p-value

      Pre-treatment vs. immediately after treatment 0.008** <0.001***

      Immediately after treatment vs. 2 weeks <0.001*** <0.001***

      2 weeks vs. 4 weeks 0.3 0.05

SF-36

   PCS

      Pre-treatment 31.0±4.5 32.0±3.3 0.10

      4 weeks 41.7±7.3 32.9±2.8 <0.001***

      p-value <0.001*** <0.001***

   MCS

      Pre-treatment 34.8±3.7 36.8±3.5 0.06

      4 weeks 44.0±5.9 37.8±3.6 0.002**

      p-value <0.001*** <0.001***

Adverse events

   Dizziness and nausea 0 2

Values are presented as mean±standard deviation or number.
UG-PRF, ultrasound-guided pulsed radiofrequency treatment; UG-INJ, ultrasound-guided interfascial injection; NRS, 
numeric rating scale; SF-36, Short Form-36; PCS, physical component summary score of the SF-36; MCS, mental com-
ponent summary score of the SF-36.
Statistically significant at the p=0.05 level. 
**p<0.01, ***p<0.001.
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termined by NRSs, PCSs, and MCSs, than UG gastrocne-
mius interfascial injection. Although UG gastrocnemius 
interfascial PRF was found to be significantly less effec-
tive immediately after treatment than UG gastrocnemius 
interfascial injection, from 2 weeks after PRF treatment, 
it was significantly more effective than interfascial injec-
tion. In addition, two mild adverse events were observed 
in the UG-INJ group. We thought that gastrocnemius in-
terfascial injection had a better effect immediately after 
treatment due to local anesthetics. In contrast, we made 
the following inferences regarding why gastrocnemius 
interfascial PRF had a slower and longer effect.

Fasciae have many functions, for example, they create 
distinctive compartments for muscles, provide circula-
tory support and protection [3]. Recently, several authors 
have reported that interfascial block provides myofascial 
pain relief [5,8,21,22]. Domingo et al. [5] studied ultra-
sound-guided interfascial block of the trapezius muscle, 
and they found in a histological study that the interfascial 
space possesses many piercing nerve branches related 
to myofascial pain, which explains why interfascial local 
anesthesia provides some relief from myofascial pain.

PRF is a minimally neurodestructive alternative that has 
been used to treat many types of chronic pain [23]. How-
ever, its healing effect is poorly understood. Nonetheless, 
some studies have been undertaken to investigate the 
therapeutic mechanism underlying the effects of PRF 

[24-26]. Erdine et al. [24] used electron microscopy and 
studied the structural effects of PRF on sensory nocicep-
tive axons, and they noted that exposure to PRF caused 
ultrastructural damage to axons, that affected smaller 
principal sensory nociceptors, C-fibers, and A-delta fi-
bers more than larger non-pain related sensory fibers, 
such as A-beta fibers. Moffett et al. [25] conducted a study 
on the therapeutic mechanism of PRF in the genetic as-
pect. They said that the PRF energy fields could increase 
the level of endogenous opioid precursor mRNA and the 
corresponding opioid peptide. Similarly, in an animal 
study of PRF treated peripheral nerve injury, Vallejo et al. 
[26] found gene modulation in multiple neuronal tissues 
adjacent to sites of injury. In addition, it was observed 
that PRF regulated pro-inflammatory gene expression 
at sites of injury and in dorsal root ganglions and spinal 
cords. Based on the findings of these previous studies 
with respect to the therapeutic mechanism of PRF, we 
concluded that PRF may have affected the nerve branch-
es passing through the interfascial space and caused se-
lective blocking of nerve fibers, especially C-fibers and A-
delta fibers. We thought that this was the reason why PRF 
had a slow effect and a long-lasting therapeutic effect on 
myofascial pain syndrome. 

Several studies used PRF to treat myofascial pain syn-
drome. Bevacqua and Fattouh [12] studied the effect of 
PRF on painful trigger points in ten patients who suf-
fered from myofascial pain syndrome. Tamimi et al. [13] 
introduced PRF treatment of myofascial trigger points 
and scar neuromas in 9 patients. These studies revealed 
pain relief by using PRF treatment for trigger points in 
the muscle. However, these studies had some limita-
tions; they had a very small sample size and there was no 
control group. In a recent study, Ye et al. [14] studied PRF 
treatment in the gastrocnemius for managing plantar 
heel pain compared with sham treatment. They applied 
PRF treatment to the trigger point of the muscle and 
found that inactivation of trigger points relieved gastroc-
nemius contracture and plantar heel pain. It is meaning-
ful that this is the first study in which PRF treatment was 
applied to the muscle. Compared to previous studies, the 
present study is significant as the interfascial space was 
targeted by PRF treatment and the effect of interfascial 
PRF was compared with that of interfascial injection.

Some limitations of the present study warrant consid-
eration. First, it was designed as a single center study and 
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Fig. 2. Change in mean numeric rating scales between 
the UG-PRF and UG-INJ groups over time. NRS, numeric 
rating score; UG-PRF, ultrasound-guided pulsed radio-
frequency treatment; UG-INJ, ultrasound-guided inter-
fascial injection.
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it had a small sample size. Second, the follow-up period 
was short of only 4 weeks, and thus, the long-term effect 
of PRF could not be determined. Third, the study lacked 
a control group to circumvent questions regarding thera-
peutic effects versus spontaneous symptom resolution 
and it was not a double blind study due to the difference 
between two treatments. In the next study, it is necessary 
to compare the PRF treatment group and the sham treat-
ment group. Fourth, the study subjects were enrolled at 
a university hospital and were more likely to have severe 
symptoms. Fifth, in this study, the explanation for the 
therapeutic effect and impact range of interfascial PRF 
was insufficient. In order to achieve a greater persuasive 
power about our conclusion, further research on the 
nerve in the interfascial space and PRF effects is needed. 

Nevertheless, this is the first study on the use of in-
terfascial PRF delivered to the gastrocnemius to treat 
myofascial pain syndrome of the gastrocnemius. Nota-
bly, ultrasound-guided interfascial PRF delivered to the 
gastrocnemius was found to have a longer effect and to 
be safer than ultrasound-guided interfascial injection. 
Based on these results, it would appear that interfascial 
PRF delivered to the gastrocnemius provides an alterna-
tive treatment for myofascial pain syndrome of the gas-
trocnemius.
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