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& Abstract: Shoulder pain is the third most common

musculoskeletal problem and accounts for 5% of general

practitioner consultations. Although many treatments are

described, there is no consensus on optimal treatment and up

to 40% of patients still have pain 12 months after initially

seeking help for pain. Previously, the effect of transcutane-

ous pulsed radiofrequency treatment (TCPRFT) was evaluated

in a retrospective audit that showed good pain relief for a

mean 395 days and justified this randomized sham controlled

trial. In this study, 51 patients entered into a randomized

double-blinded, placebo controlled study of TCPRFT. Patients

were assessed at 4 and 12 weeks by a blinded observer and

compared with baseline. We observed sustained reductions

in pain at night, pain with activity, and functional improve-

ment at 4 and 12 weeks with active but not sham TCPRFT. The

25 subjects who received active treatment showed statisti-

cally significant reductions of 24/100 in pain at night and 20/

100 of pain with activity at 4 weeks and 18/100 and 19/100,

respectively, at 12 weeks from baseline. Statistically signifi-

cant lower Brief Pain Inventory pain and function scores (4

and 12 weeks), improved pain self-efficacy (4 weeks), Oxford

Shoulder scores (12 weeks), and internal rotation (12 weeks)

were seen. Pain at both rest and shoulder elevation were not

improved by active treatment. No complications were seen.

This study of a simple, low risk, outpatient treatment

confirms the findings of our earlier study of TCPRFT for knee

pain and shoulder pain audit that transcutaneous pulsed

radiofrequency treatment may help some people with pain-

ful shoulders. &
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INTRODUCTION

Shoulder pain is the third most commonmusculoskeletal

problem in the general population, accounting for 5% of

general practitioner musculoskeletal consults and 3.9%
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new emergency department visits.1 Point prevalence

varies between 6.9%, and 26% and lifetime prevalence

varies between 6.7% and 66.7% depending upon case

definition.2 It is 2 to 4 times more common now than in

the 1950s and most common between the ages 30 to

59 years.3 It is a problemwith significant socioeconomic

impact in our community.

Shoulder pain is common and interferes with many

daily activities. Up to 40% of people are still symptom-

atic after 12 months of current conventional treatment,

including physiotherapy, massage, functional electrical

stimulation, transcutaneous electrical stimulation, mul-

tidisciplinary rehabilitation, acupuncture, analgesics,

anti-inflammatories, and oral or injected steroids.1,2,4

Favorable outcomes have been described in a case

series of transcutaneous pulsed radiofrequency treat-

ment using surface mount gel electrodes placed across

the painful area for the treatment of painful necks, jaws,

backs, wrists, and shoulders.5,6 We retrospectively

analyzed and published the outcome of TCPRFT for

shoulder pain over a 4-year period in 13 patients with 15

painful shoulders in 2012. Two-thirds (10/15) had pain

relief for over 3 months with an average pain score

reduction of 6.1 of 10 and an average duration of pain

relief of 395 days. The favorable outcome provided the

impetus to proceed with this prospective study.6

We reported favorable outcomes in an earlier double-

blind study that compared active and inactive TCPRFT

on 50 patients with knee pain awaiting arthroplasty.7

The aim of this project was to determine whether

transcutaneous pulsed radiofrequency treatment could

reduce shoulder pain in patients awaiting shoulder

surgery.

MATERIALS AND METHODS

Participants

The study was registered with the Australian New

Zealand Clinical Trial Register (ANZCTR number

ACTRN12610000171011) and was commenced after

Institutional Approval was obtained from Peninsula

Health, Human Research and Ethics Committee.

All patients on the orthopedic surgery waiting list for

nonstabilization shoulder surgery over the age of

18 years were invited by letter to participate in a

double-blinded randomized placebo controlled

(DBRPC) trial of TCPRF treatment. A follow-up tele-

phone call by an investigator was made to ascertain

patients’ willingness to participate. Patients who agreed

to participate and satisfied inclusion and exclusion

criteria were sent Oxford Shoulder Score, Brief Pain

Inventory and Pain Self-Efficacy questionnaires to doc-

ument baseline function and pain. The inclusion criteria

were patients over the age of 18 years with a painful

shoulder, placed on the waiting list for nonstabilization

shoulder surgery and were able and willing to attend an

outpatient clinic on a Wednesday morning. The exclu-

sion criteria were terminal cancer, inability to commu-

nicate in English, unable to give informed consent,

declined participation, and those who were listed for

stabilization surgery for recurrent dislocation.

Eligible patients who consented to the study attended

Frankston Hospital outpatient clinic. A pain specialist

(MT) examined the shoulder joints of all patients in a

standardized fashion. Shoulder elevation and internal

rotation were measured. Pain intensity at night, at rest,

and with shoulder activity was recorded. Pain was

scored using a 0 to 100 visual analog pain score (VAS)

slide rule. If the patient still met the inclusion and

exclusion criteria, informed consent was obtained by

pain specialist (MT) and the clinic nurse applied either a

sham treatment or active treatment at that visit. The

assessor and patient were blinded to the treatment

administered until the last patient attended their

3-month assessment. In a previous study of this treat-

ment with knee pain, we found patients were unable

to accurately identify whether they were receiving

Active or Sham treatment because the TCPRFT is

imperceptible with settings used in this study.7

Randomization to active or sham treatment was

performed using a computer generated set of numbers to

produce 52 sequentially numbered and masked enve-

lopes opened by the clinic nurse prior to performing the

treatment. (http://stattrek.com/statistics/random-number-

generator.aspxis).

Intervention

The clinic nurse specifically trained in this technique

operated the radiofrequency machine. The protocol

required the voltage set at 80 V for the active treatment

group and 0 V for the sham/inactive treatment group. In

all other details, the active and inactive treatments were

performed identically. A medical specialist (MT) was in

the clinic during treatment sessions and immediately

available if needed.

A treatment session lasted about 15 minutes and

involved the clinic nurse applying 2-minute, 10 ms,

5 pulses per second “study bipolar treatments” at 6
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standardized sites around the painful shoulder through a

pair of transcutaneous electrical nerve stimulator

(TENS) electrodes. Two treatment cycles were applied

in the medial to lateral in the anteroposterior plane.

Two treatments were performed obliquely from the

deltopectoral triangle to the shoulder joint posteriorly

and the shoulder joint anteriorly to supraspinatus

posteriorly below and above the spine of the scapula,

respectively. Two coronal treatments were performed

from the acromioclavicular joint to deltoid insertion on

the humerus and to the inner humerus just below the

hairline in the axilla (Figure 1).

We used surface mounted self-adhesive 5 cm 9 5 cm

Dura-Stick Supreme TENS electrodes (Chattanooga

Group, Hixson, TN, USA). The electrodes were

attached to a lead made by the supplier to connect to

an Neurotherm NT 1000, radiofrequency lesion gener-

ator (Neurotherm Inc, Middleton, MA, USA). The

machine was programmed to work in nonthermocouple

mode using manual voltage adjustment.

In addition to the study treatment, all patients

received the same “general advice and information”

regarding medication, activity, diet/weight control, and

nonsurgical pain management by a practitioner blinded

to their study group allocation (MT).

Outcome Measurements

Patients were assessed in the clinic by a blinded observer

(MT) at baseline, 4 and 12 weeks after the “treatment

session”. The primary outcomes were pain intensity at

night, rest, and activity in the treated shoulder. Second-

ary outcomes were self-report Brief Pain Inventory, Pain

Self-Efficacy and Oxford Shoulder Score questionnaire

scores, arm elevation, and internal rotation and global

perceived effect. The aggregate Brief Pain Inventory pain

score is the average of the 4 individual 0 to 10/10 pain

scores (worst, least, average, and pain now). The

aggregate Brief Pain Inventory pain interference with

function score is the average of the 7 individual 0 to

10/10 pain interference scores (activity, mood, walking,

usual work, relationships, sleep, and enjoyment of life).

The minimally clinical important difference is 1/10 or

15% reduction in pain intensity on a numeric rating

scale.8 A 20/100 reduction in VAS pain intensity or 30%

reduction in pain intensity score is considered to be a

clinically relevant change.8,9 Anterior arm elevation was

measured with a goniometer, and internal rotation was

scored by measuring thumb position and recorded as

improved or not improved were measured at each visit.

Subjects were also asked to describe their global

1 2

6

3

4 5

Figure 1. Shows the six TENS electrode pair positions. (Reprinted with permission. Taverner, MG, Loughnan, TE, Soon, CWI.
Transcutaneous application of pulsed radiofrequency treatment for shoulder pain. Pain Practice, 2012, John Wiley and Sons.).
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satisfaction on a 7-point Likert scale (very much worse,

much worse, worse, unchanged, better, much better, or

very much better) and if they “needed more pain relief”

or if they “still wanted to proceed with scheduled

shoulder surgery” at 4 and 12 weeks.

Statistical Analysis

Using results from our earlier study, our initial power

analysis showed we needed 20 patients in each group

(40 subjects in total) to give the trial 80% power to

detect a VAS difference of 30 mm at an alpha of 0.05.

We aimed to recruit 52 subjects (26 per group), to allow

for any loss to follow-up or withdrawals.

Paired t-tests were used to compare the effect of

treatment on VAS pain at night, pain at rest, pain with

activity, Brief Pain Inventory, pain and pain interference

with function, Pain Self-Efficacy and Oxford Shoulder

Scores. Global perceived effect, shoulder elevation, and

internal rotation were compared with Fisher’s Exact

test. Analysis compared baseline with 4 and 12 weeks

for each treatment group. Significance was reached if

P was less than 0.05. Results were analyzed using

Microsoft Excel 2010 and QuickCalcs online statistical

software by Graphpad (www.graphpad.com/quick

calcs/).

RESULTS

We approached 264 patients, 12 of whom had already

had surgery, 124 declined, 70met exclusion criteria (had

surgery date, no pain, other problems, poor English),

and 7 were unable to be contacted (Figure 2).

Fifty-one patients were enrolled in the trial between

May 5, 2010, and April 4, 2011 (Table 1).

Twenty-five patients were randomized to active

treatment, and 26 were randomized to sham inactive

treatment. The baseline demographics of both groups

were similar; however, the active treatment group had a

higher Brief pain inventory aggregate pain (BPI-p) score

and lower Oxford Shoulder Score (OSS) than the Sham

treatment group.

Forty patients were ascribed a surgical diagnosis of

partial or full thickness rotator cuff tear, 18 were

ascribed a diagnosis acromioclavicular or glenohumeral

osteoarthritis, 11 were ascribed a diagnosis of tendin-

opathy, 7 were ascribed a diagnosis bursitis, and 2 had

frozen shoulders. Many patients had multiple diagnoses.

Subjects with shoulder pain booked for 
surgery invited to participate (n= 264 ) 

Excluded  (n=  213 ) 
♦ Already had surgery (n=12) 
♦ Declined to participate (n=124) 
♦  No pain, had date for surgery or 

other medical problem (n=66) 
♦ Inadequate English (n=4 )

Analysed (n=26 )
♦ Missing data was assumed to be unchanged

from baseline

Lost to 12 week follow-up (give reasons) (n=2)
• Par�al 12 week data by telephone (n=1)
• Surgery at 5 weeks (n=1)

26 assigned to inactive/sham/0 volt treatment 

Lost to 4 and 12 week follow-up (n=2)
• Uncontactable

25 assigned to active/80 volt treatment 

Analysed  (n=25  )
♦ Missing data was assumed to be

unchanged from baseline

Allocation

Analysis

Follow-Up

Randomized (n=51  ) 

Enrollment

Figure 2. Participant flow diagram illustrates subject inclusion and exclusion.
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Complete 1 and 3 month data sets were available on

47 of 51 subjects.

Two patients were lost to follow-up in the active

treatment group, and no outcome data were obtained.

Two subjects in the Sham group attended the 4-week

assessment, but did not attend the 12 week assessment.

A telephone interview provided pain assessment in 1

patient, but elevation or internal rotation measurements

were not recorded. The other patient had surgery

5 weeks after the sham treatment. All missing data

entries were assumed to be unchanged from baseline for

the purpose of analysis.

The primary outcomes of pain scores were at night, at

rest, and with activity at baseline. Four and 12 weeks in

both groups are shown in Figure 3 and Table 2.

The 25 who received active treatment showed a

significant reduction in pain at night (24 point reduc-

tion; P = 0.002) and a reduction in pain with activity at

4 weeks (20 point reduction; P < 0.001). These reduc-

tions were maintained at 12 weeks (night pain reduced

18 points, P = 0.006; and pain with activity reduced 19

points, P = 0.001). Active treatment was not shown to

help pain at rest. The NNT (number needed to treat) to

reduce pain at night by > 20/100 at 4 weeks was 3.5 and

at 12 weeks was 7.8. The NNT to reduce pain with

activity by > 20/100 at 4 weeks was 4.8 and at

12 weeks was 5.9. Table 3 shows reduction in the Brief

Pain Inventory aggregate pain scores in the active

treatment group of 1.0 point (P = 0.04) and 1.2 point

(P = 0.01) at 4 and 12 weeks, respectively. There was

no significant change in the sham treatment group

(Figure 3).

Table 1. Baseline Characteristics

ShamTx Active Tx

Subjects 26 25
Male 14 10
Female 12 15
Age (SD) 61 (20) 65 (12)
Left shoulder 9 10
Right shoulder 17 15
Pain at Night (SD) 57.5 (21.1) 56.5 (26.5)
Pain at Rest (SD) 26.4 (24.7) 22.3 (24.3)
Pain with activity (SD) 57 (23.7) 69 (18.4)
Brief Pain Inventory—compound pain
score (SD)

4.3 (1.4) 5.3 (1.6)*

Brief Pain Inventory—compound pain
interference with function score (SD)

3.9 (1.8) 4.9 (1.7)

Pain Self-Efficacy Questionnaire (SD) 36.2 (11.7) 32.6 (13.3)
Oxford Shoulder Score (SD) 27.3 (7) 22.5 (6.6)#

* P = 0.03; # P = 0.02.

57.6

48.4
51.5

26.8
21.4

29.9

58.5
53.554.2
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32.6
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Sham Tx: Ac�ve Tx:

Figure 3. Sham versus active treatment baseline, 4 and 12 week pain scores at night, at rest, and with activity.

Table 2. Change in Pain with Time (*P < 0.05)

Time Period Night Pain
Rest
Pain Active Pain

Sham n26 4 week Av
Change in VAS (SD)

�9 (27) �5 (23) �5 (23)

Active n25 4 week Av
Change in VAS (SD)

�24 (28)*
(P = 0.0002)

�4 (20) �20 (25)*
(P = 0.0005)

Sham n26 12 week Av
Change in VAS (SD)

�7 (32) 3 (26) �5 (27)

Active n25 12 week Av
Change in VAS (SD)

�18 (29)*
(P = 0.006)

�3 (14) �19 (26)*
(P = 0.001)

Table 3. Change in Self-Report Brief Pain Inventory
Aggregate Pain Score BPI-p (*P < 0.05)

Sham BPI-p Active BPI-p

T0 (SD) 4.3 (1.4) 5.3 (1.6)
T4 weeks (SD) 4.3 (1.7) 4.3* (1.7) (P = 0.04)
T12 weeks (SD) 4.3 (2.0) 4.1* (2.3) (P = 0.01)
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Pain relief was accompanied by a functional improve-

ment as seen in Table 4. Average Brief Pain Inventory

pain interference with function scores was statistically

significantly lower at 4 weeks (1.2 point reduction;

P = 0.003) and 12 weeks (1.3 point reduction;

P = 0.003), respectively, in the active treatment group.

Pain Self-Efficacy scores improved 6.8 and 5.3 at 4 and

12 weeks, respectively, but only the 4-week result was

statistically significant (P = 0.03). The Oxford shoulder

score was unchanged at 4 weeks but was statistically

significantly (7.7/48) higher (improved) at 12 weeks,

increasing from 22.1 to 29.8 (P = 0.001). The 26 who

received sham treatment showed no significant improve-

ment with any measure.

Analgesic use at baseline, 4, and 12 weeks is seen in

Table 5 is included for readers information and shows

no significant change in number of tablets used or type

of analgesics used during the 12 weeks.

Clinical examination found anterior shoulder eleva-

tion unchanged at 4 and 12 weeks in both treatment

groups. Internal rotation was unchanged at 4 weeks but

improved by 1 vertebral segment at 12 weeks after

active treatment that was statistically significant

(P = 0.0027).

The global perceived effect (GPE) in the active

group was improved (described as better, much better,

or very much better) in the active group at 4 weeks (13

of 25 participants) and 12 weeks (9 of 25 partici-

pants), respectively, and was not significantly different

at either time compared with the sham group (10 and

8 participants, respectively). The NNT to feel “better”

from Active treatment at 12 weeks was 11.9. Ten of

25 subjects said they did not need more pain relief in

the Active treatment compared with 6 of 26 patients in

the Sham treatment group. At 4 weeks, 2 of 25

subjects having active treatment and 1 of 26 subjects

having sham treatment would say “no” to having

shoulder surgery. At 12 weeks, 7 of 25 active treat-

ment subjects and 2 of 26 sham treatment subjects

would say “no” to having shoulder surgery. The NNT

to decline shoulder surgery after active treatment at

12 weeks was 4.4.

No side effects or complications were reported during

the study period in either group.

DISCUSSION

We report on the use of transcutaneous pulsed radio-

frequency treatment that resulted in clinically relevant

and statistically significant reductions of 42% pain at

night (24/100 point reduction) and of 29% pain with

activity at 4 weeks (20/100 point reduction). This was

sustained at 12 weeks (18 and 19 point reductions,

respectively) after a single active TCPRFT treatment in

patients awaiting shoulder surgery. Self-report Brief

Pain Inventory aggregate pain scores were also 19% and

23% lower at 4 (1.0 points) and 12 weeks (1.2 points).

The NNT to decline shoulder surgery after active

treatment at 12 weeks was 4.4. The importance of this

outcome is the potential cost saving from delaying or

avoiding hospitalization by at least 3 months in patients

who would have otherwise undergone surgery.

Although there was no improvement in anterior

shoulder elevation and only a small improvement in

internal rotation, pain relief after TCPRFT was accom-

panied by statistically significant and minimal clinically

important functional improvement with less pain inter-

ference with function at 4 and 12 weeks on the Brief

Pain Inventory, an improved Pain Self-Efficacy at

4 weeks, and significant improvement in the Oxford

Shoulder Score at 12 weeks.

Table 4. Brief Pain Inventory Pain Interference with Function (BPI.pif), Pain Self-Efficacy Questionnaire (PSEQ), and
Oxford Shoulder Score (OSS) results. (*P < 0.05)

Sham BPI.pif Sham PSEQ Sham OSS Active BPI.pif Active PSEQ Active OSS

T0 3.9 (1.8) 36.2 (11.7) 27.3 (7.0) 4.9 (1.7) 32.6 22.1 (6.6)
T4 weeks 3.4 (1.9) 36.5 (12.6) 25.9 (7.4) 3.7* (1.9) (P = 0.003) 39.4 (12)* (P = 0.03) 22.2 (8.7)
T12 weeks 3.4 (2.0) 35.9 (14.6) 26.6 (8.9) 3.6* (2.4) (P = 0.003) 37.9 (15) 29.8* (10.1) (P = 0.001)

Table 5. Change in Analgesic Class and Daily Pill Use

Analgesic Use

Sham Active

T0
T4

weeks
T12
weeks T0

T4
weeks

T12
weeks

None 7 7 8 2 3 5
WHO 1 8 8 9 14 13 12
WHO 2 8 9 7 8 8 7
WHO 3 3 2 2 1 1 1
Average daily use 2.7 2.8 2.7 3.9 3.8 3.5
SD (daily use) 2.4 2.6 2.7 2.4 2.3 2.7

None, no analgesic use; WHO 1, simple analgesic and anti-inflammatories; WHO 2,
compound agents with weak opioids and WHO 3, strong opioid analgesics as the
strongest pain killer used.
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Although a clinically relevant reduction in pain

intensity and functional improvement was seen, this

was not reflected by reduced medication use except for a

small reduction in the number of tablets consumed and a

small increase in the number of people taking no

analgesics in the active treatment group at 12 weeks.

Explanations for medication use being largely

unchanged include analgesics being taken for co-existing

untreated pains, not being used due to unacceptable side

effects or poor efficacy, the “analgesics worked after

TCPRFT” with the combination being better than either

alone, a study design that was not properly powered to

show a difference in this secondary endpoint due to the

multiple small-varied analgesic sample sizes and usage

patterns that were hard to quantify.

The proposed mechanisms of action of pulsed radio-

frequency treatment (PRFT) include heat lesioning,

electric field effects, electroporation, magnetic field,

and immune modulation of inflammatory cytokines.10

Rapidly changing electric field of sufficient strength can

change cell membrane function, create pores, rupture

membranes, and disrupt synaptic transmission in

A-Delta and C fibers.11,12 Weaker e-field effects may

result in long-term depression of synaptic transmission

by antagonizing the long-term potentiation seen in

chronic pain states. The magnetic field effect is thought

to be too weak to be clinically relevant.10 PRFT may

also reduce the production of inflammatory cytokines

Il-1beta, TNF-alpha, and IL6, which in turn may reduce

C-reactive protein.13,14

TCPRFT, with the settings we used is imperceptible

and infrared temperature sampling (unpublished obser-

vation), has not shown skin temperature to rise, which

makes a significant heat lesion unlikely.7 The available

evidence suggests transcutaneous pulsed radiofrequency

treatment probablyworkswith a temperature-independent

pathway mediated by changing electric fields.

The difference in baseline demographic characteris-

tics is a flaw of this study. A larger study population is

needed to reduce the difference between the 2 groups for

all parameters at baseline and to confirm the improve-

ment as a true result given the large standard deviations

of the means. Generating large groups is difficult to

achieve in clinical practice for interventional procedures

because of difficulty recruiting patients, the need for a

homogenous sample, uncertain patient availability over

time, and limited population in our hospital orthopedic

waiting list.

Cochrane reviews of physiotherapy for shoulder pain

found 26 studies with sufficient data to conclude

electrical stimulation techniques are no better than

control, limited support for biopsychosocial rehabilita-

tion from 2 low-quality studies and no benefit from

acupuncture over fake therapy.4,15–17 Oral and intra-

articular steroids may help adhesive capsulitis for up to

6 weeks, subacromial steroids may help rotator cuff

disease, although, the magnitude is small and not well

maintained.18,19 The Philadelphia Panel evidence-based

clinical practice guidelines found insufficient evidence or

no data for exercise, TENS, massage, thermotherapy,

EMG biofeedback, electrical stimulation, and combined

rehabilitation modalities for treating shoulder pain.20

The suprascapular nerve provides sensory innerva-

tion to at least 70% of the shoulder capsule through its

superior and inferior articular branches. Suprascapular

nerve block can provide effective pain relief to the

shoulder, whether using local anesthetic in combination

with corticosteroid or local anesthetic alone.21,22 Pulsed

radiofrequency applied to the suprascapular nerve has

shown to provide effective pain relief for up to

6 months.23,24

Suprascapular nerve blocks, intra-articular injections,

and percutaneous pulsed radiofrequency treatment all

require high levels of skill and training to perform the

procedures and manage the complications. In addition,

they require injections, which are a problem for patients

with a needle phobia, have the potential for complica-

tions (eg, infection, bleeding), are variably uncomfort-

able to painful, and do not always work or last long

enough.21–24 TCPRFT, which we describe is a painless,

low risk, outpatient procedure that may provide clini-

cally useful pain relief, appears to be another treatment

option for painful structures. Caution is required with

cardiac pacemakers and neurostimulators due to current

induction. While treatment to a shoulder with an

ipsilateral pacemaker is contraindicated, we have

encountered no problems treating the contralateral

shoulders. The economic impact of treatment is also

significant because TCPRFT treatment protocols require

minimal technical expertise and have no complications.

This is the fourth article on TCPRFT and second

consecutive prospective DBRCT study showing pain

relief with this technique in patients who have been

scheduled for reconstructive surgery.5–7

TCPRFT seems to be a useful addition to the

treatment options for painful shoulders. The ease of

use may allow this to be an early option in the treatment

course, in combination with physiotherapy, when pain

is delaying rehabilitation without compromising

other treatment options. These results invite a larger
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multicenter study to confirm treatment efficacy in other

centers and for other conditions. Further research is

required to determine whether other patient populations

may benefit the mechanism of action, optimal electrode

size, configuration, treatment duration, pulse width,

voltage, and the number of pulses per second of each

treatment.
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