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scores post- treatment. The PhP group had better pain VAS and
the WOMAC scores, but these findings were not statistically significant (p=0.70 and 0.61, respectively).
Conclusion: Results show that UltraTENS and PhP were
effective for relieving pain and improve functionality in KellgrenLawrence grades I-III knee OA. There were no significant differences between groups. Both agents are recommended as effective combination methods for symptomatic knee OA treatment.

ABSTRACT
Objective: Aims to compare effects of ultrasound combined

transcutaneous electrical nerve stimulation (UltraTENS) and
phonophoresis (PhP) in mild- to moderate degree of symptomatic knee OA.
Study design: A randomized double-blind, controlled comparative study.
Setting: Department of Rehabilitation Medicine, Faculty of Medicine, Chulalongkorn University
Subjects: Sixty-one patients (55 women and 6 men), ages
51 to 80 years (mean = 63.4±8.1), visual analog scale (VAS)
of knee pain intensity ranged from 50-90 mm (mean=66.1) and
Kellgren-Lawrence score of grade I-III, were randomly allocated
into the Ultra TENs group and the PhP groups (n=31 and 30,
respectively).
Method: The UltraTENS group received a combined ultrasound
with TENS and a non-drug gel, whereas the PhP group received
an ultrasound with piroxicam gel and sham TENS. All patients
were treated for a total of 10 sessions, consisting of five times
per week and 10 min per session.
Outcome Measures: Using a double blinded procedure, the
primary outcome measure was evaluated pre- and post- treatment using a 100-mm VAS. The secondary outcome was assessed using the Western Ontario and McMaster Universities
Osteoarthritis (WOMAC) index.
Results: The UltraTENS and the PhP groups (p<0.001) experienced considerable improvement in both VAS and total WOMAC
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บทคัดยอ
วัตถุประสงค: เพื่อเปรียบเทียบผลการรักษาภาวะปวดเขาจากขอเขา
เสื่อมที่มีระดับความรุนแรงนอยถึงปานกลางระหวาง UltraTENS และ
PhP
รูปแบบการวิจัย: การศึกษาทดลองชนิดเปรียบเทียบโดยวิธีสุมและมี
การปกปด
สถานที่ทําการวิจัย: ภาควิชาเวชศาสตรฟนฟู โรงพยาบาลจุฬาลงกรณ
กลุมประชากร: จํานวน 61 ราย (หญิง 55 ราย, ชาย 6 ราย), อายุ
อยูในชวง 51 ถึง 80 ป (คาเฉลี่ย 63.4±8.1 ป), มีคาคะแนนปวดเขา
VAS ระหวาง 50-90 มม. (คาเฉลี่ย 66.1 มม.) และมีระดับคะแนน
Kallgren-Lawrence 1 ถึง 3 โดยทั้งหมดไดรับการสุมเขาสูกลุมศึกษา
UltraTENS 31 ราย และ PhP 30 ราย
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years.(11-13) One previous study(14) was conducted in our setting.
It reported superiority of the Ph with piroxicam (PhP) compared
with a standard US for treating symptomatic knee OA. Advantages of this method include non-invasiveness, minimal gastrointestinal side effects risk, low cost and good compliance.
The combination effect from both US and NSAIDs provides the
therapeutic response for pain relief.
TENS is an application of electrical stimulation to reduce
pain perception via a gate-control theory mechanism. The technique was proposed by Melzack and Wall in 1965.(15) Noxious
stimuli are transmitted from the periphery along small myelinated A-delta nerve and small unmyelinating C nerve fibers.
According to gate control theory, non-nociceptive A-beta nerve
fiber activation can inhibit noxious stimuli transmission from the
spinal cord to the brain. It has been found to be effective among
older populations.(16) It is non-pharmacological, noninvasive,
easy to use and has no toxicity or overdose potential. It can be
used in combination with the US for reducing pain in various
musculoskeletal conditions including knee OA.(17) Nowadays
US machines have a combination mode, consisting of the US
and the TENS (UltraTENS). With this mode, patients simultaneously receive ultrasound waves and electrical stimulation. It
is accepted and frequently used in our setting because of its
convenience, good compliance and low risk.
Both the UltraTENS and the PhP are common combination
techniques that aimed to efficaciously relieve pain. Interestingly, the different add-on agent for each piece of equipment
offers different therapeutic effects. These effects include the
anti-inflammatory consequence of NSAIDs for PhP, and the
analgesic result from electrical nerve stimulation in UltraTENS.
Determining which is better for knee OA pain relief is difficult.
As there is no a randomized clinical trial comparing which
modality is more effective for treating musculoskeletal conditions, we aim to compare the effects of both treatments on pain
relief and improving functional activity in symptomatic knee OA.

วิธีการศึกษา: กลุม UltraTENS ไดรับการรักษาดวยเครื่องอัลตรา
ซาวดที่มีการกระตุนเสนประสาทไปพรอมกันโดยใชเจลที่ไมผสมยา
ขณะทําการรักษา ขณะที่กลุม PHP ไดรับการรักษาดวยเครื่องมือ
อัลตราซาวดเครื่องตัวเดียวกันกับอีกกลุมทดลองรวมกลับการกระตุน
ไฟหลอกและใชเจลยาที่มีตัวยาไพร็อคซิแคมผสมอยูขณะทําการรักษา
ผูปวยทั้ง 2 กลุมไดรับการรักษาครั้งละ 10 นาที, 5 ครั้งตอสัปดาห
รวมทั้งหมด 10 ครั้ง ผูประเมินไมทราบผูปวยอยูกลุมทดลองใดกอน
และหลังการทดลองผูปวยจะไดรับการวัดคาคะแนนการปวดเขา ดวย
คาคะแนน 100 มม. VAS และวัดคาคะแนนการใชงานเขาดวย
แบบสอบถาม WOMAC
ผลการศึกษา: ทั้งสองกลุมมีคาคะแนน VAS และ WOMAC ดีขึ้น
อยางมีนัยสําคัญ (p<0.001) เมื่อเปรียบเทียบคาคะแนนกอนและหลัง
การรักษา เมื่อเปรียบเทียบระหวางกลุมพบวากลุม PhP มีคาคะแนน
ปวด VAS และคะแนนการใชงาน WOMAC ลดลงเฉลี่ยมากกวากลุม
UltraTENS แตไมถึงระดับที่มีนัยสําคัญทางสถิติ (p=0.70 และ
p=0.61, ตามลําดับ)
สรุป: เครือ่ งมือกายภาพทีใ่ ชเทคนิคผสมรวมทัง้ UltraTENS และ PhP
สามารถลดอาการปวดขอเขา และเพิม่ การใชงานขอไดอยางมีประสิทธิภาพในผูป ว ยขอเขาเสือ่ มรุนแรงระดับนอยถึงปานกลาง ไดดไี มแตกตาง
กันทั้งสองกลุม
คําสําคัญ: ขอเขาเสื่อม อาการปวด โฟโนโฟเรซิส เครื่องกระตุนเสน
ประสาทดวยไฟฟา
เวชศาสตรฟนฟูสาร 2560; 27(2): 46-52.
Introduction
Knee osteoarthritis (OA) is the most common degenerative joint disease and a global healthcare burden. This disease
is especially problematic in aging population due to its high
prevalence and frequent association with disability.(1-5) Common symptoms of knee OA include pain, stiffness, decrease in
range of motion (ROM), physical activity limitation and deterioration in quality of life (QOL). Several pharmacologic and nonpharmacologic strategies have been studied for pain-relief and
function improvement. Recently, the American Academy of Orthopedic Surgeons (AAOS)(6) published a revised version of the
clinical practice guideline (CPG). This guideline recommends
education, exercise and topical non-steroidal anti-inflammatory
drugs (NSAIDs) for patients with symptomatic knee OA. While
physical agents, including electrotherapeutic modalities, are
frequently prescribed for relieving pain in physical therapy,
effects of these treatments are inconclusive due to a lack of
compelling evidence. Therefore, these authors recommended
further research in the treatment of knee OA.(6)
A knee OA treatment modality that can effectively reduce
pain and inflammation is needed in clinical practice. Therapeutic ultrasound (US)(7) and transcutaneous electrical nerve stimulation (TENS)(8,9) are physical modalities that have been used
for decades in clinical practice. The US is frequently used with
other modalities including TENS or with medication so called
phonophoresis (Ph) with the aim of improving pain relief.(10)
The Ph enhances percutaneous absorption of topical drugs
into a deeper tissue. A growing interest in this technique is
evidenced by the performance of many such trials in recent

Methods
Participants

This study was approved by the Institutional Review Board,
Faculty of Medicine, Chulalongkorn University (IRB no.148/55).
All participants were recruited from the Department of Rehabilitation Medicine, King Chulalongkorn Memorial Hospital,
Bangkok, Thailand. Each participant agreed to the protocol
and provided written informed consent. Every eligible participant fulfilled the American College of Rheumatology criteria
for knee OA,(18) including grade I to III of Kellgren-Lawrence
scores(19) and a 50 mm of visual analog scale (VAS) for pain or
more. Exclusion criteria included any patient with the previous
UltraTENS experience, contraindications for performing the US
and the TENS, other causes of knee pain (including tendinitis
and bursitis), piroxicam allergies and, a history of knee surgery
and/or other chronic systemic inflammatory diseases.
Study design and randomization

This study was a randomized double blinded (patient and
assessor), comparative controlled trial. Several measures
were taken to randomize and blind patients. All patients who
met inclusion criteria were randomly allocated to two treatment
groups: the UltraTENS and the PhP. To ensure successful
randomization, a computer-generated, permuted block of four
schedule assignments was prepared in well-sealed, sequentially numbered, opaque, tamper-proof envelopes. Study gels
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was evaluated using the English WOMAC version(23) which
includes five joints pain, two joints stiffness and 17 limitations
of physical functioning questions. Maximum WOMAC pain for
WOMAC pain and WOMAC total scores were 50 and 240,
respectively.
An adverse reaction such as skin conditions, gastrointestinal symptoms or hypersensitivity drug reactions was monitored
for evaluate treatment safety.

were concealed in identical packaging according to the randomized list. The same therapist treated both groups with the
same ultrasound machine. The treatment technique was not
revealed to patients. Skin preparation, electrode placement,
stroking technique and equipment appearance were identical. The UltraTENS group received US with a standard nondrug gel and TENS, whereas the PhP group received US with
piroxicam gel and sham TENS. The doctor, who was one of
our authors, was assigned as an assessor and blinded to a
randomized sequence.

Statistical analysis

SPSS version 17.oc (SPSS Inc., Chicago, IL, USA) was used
for statistical analysis. Between- group baseline data comparisons were conducted using the Mann-Whitney and the Chisquare tests for continuous data and categorical data, respectively. The Wilcoxon signed ranks test was used to evaluate
within-group pre- to post-treatment knee pain and functional
changes. Analysis of covariance (ANCOVA) was used to
assess pre- to post-treatment changes in VAS of pain, WOMAC
pain and WOMAC total. Baseline age and symptom- duration
imbalances were adjusted for. An intention-to-treat approach
(last value carried forward) was performed. The statistical significance level was set to p<0.05. A 95% confidence interval
was calculated for all comparisons. Sample size was calculated by setting power of 90%, 5% two-tailed significance levels,
20% VAS of effect size and standard deviation of VAS of pain
from the previous study(14) This calculation yielded a minimum
of 27 patients.

Treatment procedures
Combination of ultrasound therapy and TENS stimulation (UltraTENS)

The Sonopuls 491a is a combination unit for combining
US diathermy and TENS treatment. This unit generates an
US wave and electrical stimulation, which are simultaneously
transmitted into a patients’ skin. US parameters were continuous mode, stroking technique, 1.0 W/cm2 of power, 1 MHz
of frequency and treatment area of 2× to 3× of the ERA over
the anterior aspect of the knee joint. A coupling gel used was a
non-drug gel. The TENS setting was adjusted to conventional
mode with a frequency of 100 Hz monophasic pulses and 100
μs of pulse duration. The therapist adjusted intensity to a maximally tolerable and non-painful stimulation range from 10 mA to
30 mA. The overall treatment lasted two weeks and consisted
of 10 sessions (five sessions per week). Each session lasted
10 min.
Phonophoresis of piroxicam (PhP)

Results

A piroxycam mixed gelb was used for the PhP treatment.
This gelb was generated using the same process as the previous study.(14) The gel’s coloration was similar to the non-drug
gel used for the UltraTENS. The US parameters and treatment
schedule times were the same as within the UltraTENS group.

Of the 102 patients that were initially screened, 61 were
enrolled (Fig. 1). One patient in the PhP group dropped out due
to scheduling conflicts. Thirty-one patients in the UltraTENS,
and twenty-nine in the PhP groups, completed their respective treatment programs. Sixty-one patients, 55 women and 6
men, aged 51-80 years old (mean age±SD, 63.4±8.1y) were
recruited. Demographic data and baseline characteristics of
each group are shown in table 1.
Both groups experienced statistically significant pain and
functioning improvements, including VAS of pain, WOMAC
pain and WOMAC total (p<0.001) (Table 2). Although improvements were larger in the PhP group in every score, these were
not statistically significant (VAS pain; p=0.70, WOMAC pain;
p=0.43, WOMAC total; p=0.61) (Table 2).
No patients reported any side effects or adverse reactions
from the treatment. Two patients in the UltraTENS and one in
the PhP groups reported taking paracetamol to relieve pain
experienced within the first few days. There were 48.4 and 37.9
percent of the UltraTENS and the PhP groups, respectively,
correctly guessed which group there were in. These difference
was not statistically significant (p=0.45).

Sham TENS

Patients in the PhP group received the sham TENS at a frequency of 100 Hz, pulse duration at 100 μs and intensity less
than 4 mA.(20) The TENS intensity levels just above subjective
sensory threshold have been shown to not relieve pain.(21,22)
Patients in both groups received paracetamol (500-mg tablet) when unbearable pain was experienced. The number of
tablets taken was recorded on the recording card. Additional
analgesic drugs such as NSAIDs, opioids or muscle relaxants
were not allowed.
Following treatment, the patients were asked to guess
which treatment group they had attended. The percentage of
correct answers in each group was then used to evaluate the
blinding technique’s effectiveness.
The most painful or symptomatic knee was chosen when
selecting the target knee. However, the right knee was always
targeted for treatment if pain or symptom was similar in both
knees.

Discussion
A previous review(6) has demonstrated that the use of physical agents in symptomatic knee OA is inconclusive. The US
and the TENS are commonly used in physical therapy units.
However, their efficacy for relieving knee pain remains unconfirmed. Therefore, combining modalities, such as the UltraTENS and the PhP, were developed to enhance pain relief.
The PhP has recently been studied(11-4) in a variety of musculoskeletal diseases, including knee OA. The UltraTENS is a

Outcome measures

All patients were interviewed and assessed by an investigator who was blinded to group allocation. Baseline data included
age, weight, height, duration of knee pain, side of the knee that
was more painful, weight-bearing activity, etc. Outcomes were
measured before and after the treatment.
The primary knee pain outcome measure was determined
using a 100- mm VAS. The secondary knee functional outcome
J Thai Rehabil Med 2017; 27(2)
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Enrollment

Assessed for eligibility (n = 102)
Excluded (n = 41):
x Not met inclusion criteria (n = 22)
x Declined to participate (n=14)
x Had a history or suspected hypersensitivity to
piroxicam (n=5)
Randomized (n = 61)

Allocated to UltraTENS (n=31)
x Received allocated intervention (n=31)
x Did not received allocated intervention (n=0)

Allocation

Allocated to PhP (n=30)
x Received allocated intervention (n=29)
x Did not received allocated intervention
(scheduling conflicts)(n=1)

Follow-up
Lost to follow-up (n=0)
Missed follow-up (n=0)

Lost to follow-up (n=0)
Missed follow-up (n=0)

Analysis

Analyzed (n=31)

Analyzed (n=30)
x Excluded from analysis (n=0; last
observation carried forward

x Excluded from analysis (n=0; last
observation carried forward

Figure 1. Flow diagram of the study
Table 1. Baseline characteristics of enrolled participants in both groups

Characteristics
Age (years)
Women, n (%)
BMI (kg/m2)
Duration of symptoms (months)
Weight bearing activity (hours/day)
Kellgren-Lawrence score, n
Grade I
Grade II
Grade III

PhP (n=30)

UltraTENS (n=31)

p-value

61.4 (6.7)
27 (90)
24.1 (3.3)
4.4 (5.1)
4.5 (2.3)

65.3 (8.9)
28 (90)
24.4 (3.6)
7.6 (13.3)
4.1 (2.1)

0.07a
0.65b
0.76a
0.65a
0.43a

3
14
13

1
17
13

0.48b

Mean (SD). BMI, body mass index; PhP, phonophoresis; UltraTENS, ultrasound and TENS
a
, Mann-Whitney test for between groups analysis; b, Chi-square test for between groups analysis

common mode in a current version of US machine that could
combine with TENS in a single treatment. The UltraTENS has
been used in many rehabilitation settings.
Results of the present study demonstrate that the PhP is
slightly better than the UltraTENS for relieving pain and improving knee function in mild- to moderate- degrees of symptomatic knee OA. However, these findings are not statistically
significant. The PhP may be more practical in general practice
because it could conduct by using the old model of ultrasound,
and NSAIDs gel is also available and inexpensive.

No serious adverse events occurred in either treatment
group. Patients who had a history of piroxicam hypersensitivity
or had any contraindication for the US or the TENS were not
recruited into the study. For generalizing into a clinical practice,
patients who have a drug hypersensitivity should be treated
with UltraTENS or vice versa, those who cannot be treated with
TENS may switch to PhP.
TENS trial blinding is another complicated issue with conflicting opinions. In most of the TENS literature, a sham TENS
has often been administered without electrical currents.(22)
-49-
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Table 2. Mean change from pre- to post-treatment of PhP and UltraTENS groups for VAS, WOMAC pain and
WOMAC total scores.

Measures

Treatment groups

Mean of between group
difference
p-valueb (95% CI)

PhP (n=30)

UltraTENS (n=31)

95% CI

67.5 ( 11.5)
29.0 (20.1)
38.5 (20.6)
< 0.001*
30.7, 46.1

65.4 (10.9)
27.7 (20.4)
37.6 (19.9)
< 0.001*
30.3, 45.0

0.8 (5.2)
0.70b
-9.5, 11.2

WOMAC pain
PrePostChange
p-valuea
[95% CI]

30.0 (7.0)
15.4 (7.7)
15.5 (9.7)
< 0.001*
11.9, 19.2

30.0 (7.0)
17.3 (9.6)
12.7 (8.5)
< 0.001*
9.6, 15.8

2.9 (2.3)
0.43b
-1.8, 7.5

WOMAC total
PrePostChange
p-valuea
[95% CI]

149.9 (29.6)
73.3 (36.0)
76.6 (44.5)
< 0.001*
60.0, 93.2

141.2 (32.9)
78.1 (45.4)
63.1 (36.3)
< 0.001*
49.8, 76.4

13.5 (0.4)
0.61b
-7.2, 34.3

VAS of pain
PrePostChange
p-valuea

Mean (SD)
a
, Wilcoxon signed ranks test for within-group analysis; * p- value is significant.
b, ANCOVA of change from pre-treatment means (adjusted by age and duration of symptoms); p-value is not significant.

frequency stimulation is delivered at motor intensity. Evidence
from animal models suggest that TENS frequencies activate
different central anti-nociceptive mechanisms when the current
amplitudes are delivered just below motor level threshold.(25)
A high-frequency TENS activates delta opioid receptors in the
brainstem and spinal cord whereas a low-frequency TENS
activates mu opioid receptors.(26) Another study compared low(3 Hz) and high- (80 Hz) frequency on blunt pressure pain in
healthy human participants and results showed that the latter
was superior with a strong, non-painful intensity.(27) In addition,
there is a study reported that both high-and low-frequency
TENS are effective for deep-tissue pain in knee OA.(28) The
present study showed that the UltraTENS was effective for
symptomatic knee OA treatment. However, this method did
not significantly differ from the PhP. Determining the potential
synergistic effects of the UltraTENS anti-nociceptive mechanism would be interesting to explore in a future.
Another point to be discussed is that the TENS within the
UltraTENS has some different procedures from a general
TENS i.e., a stimulation time and an applying technique. When
applying the UltraTENS, the duration for TENS was just 10min, due to a maximum US therapy duration. There is currently
no consensus regarding to stimulation duration of TENS. In this
study, the stimulation time was relatively short. According to
a Cochrane review summary, the duration of TENS application in each session ranged from 15 to over 60 min(29) whereas
another study reported 40 min to be an optimal treatment duration of TENS for reducing pain knee OA.(30) Furthermore, the
UltraTENS was applied by moving an US probe over an anterior
aspect of the knee joint, which covered the patellofemoral and

A previous randomized, placebo-controlled trial(20) reported that
sensory threshold stimulation (ranging from 4 to 14 mA) is a
good alternative to the commonly used placebo TENS procedure. The former is performed without electrical currents and,
therefore, does not produce a perceptible TENS sensation.
Authors found that TENS was ineffective for relieving pain when
administered at sensory threshold stimulation. In this trial, the
PhP group received the sham TENS with the current just above
subjective sensory threshold (less than 4 mA) and successful
blinding. Less than 50% of participants in each group correctly
responded to which group they had been allocated.
Results of the present study support that of the previous
trial,(14) demonstrating the PhP to be effective for relieving pain
and improving knee function in symptomatic knee OA. The PhP
could improve pain symptoms and increase knee function approximately 50% after a 10-session treatment. This study also
confirmed that the PhP was compliant and safe. The PhP is a
fairly alternative for knee OA treatment, and its potential pain
relief benefits warrant further study. Regarding the US frequency of 1 MHz used in both treatments, this frequency correlates
with a previous review concluding that US at 1 MHz (2 to 4 cm)
could penetrate tissue deeper than at 3 MHz (1 to 2 cm).(24)
In this study, the UltraTENS used a strong non-painful intensity at high frequency TENS in combination with US. Clinically, TENS is applied at varying frequencies broadly classified
as high (>50Hz) or low (<10Hz) TENS. Intensity is determined
by patient’s response which can be either sensory or motor
level TENS. Sensory intensity refers to a strong but comfortable sensation without motor contraction. Higher-frequency
stimulation is generally delivered at sensory intensity, and lowJ Thai Rehabil Med 2017; 27(2)
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the tibiofemoral joints. This application differed from the regular TENS procedure. Though there is no general agreement
regarding electrode applications, common sites include the
medial and lateral aspects of the knee joint, and acupuncture
points.(29) Applying a moving electrical stimulation over a knee
joint might produce different effects from placing a fixed and
focused stimulation on a peripheral nerve or concentrated over
the painful site only. Further studies are needed in this point.
Ninety percent of subjects in this study were females.
Several studies(31,32) have reported sex differences in knee OA,
including: 1) women having higher prevalence and incidence;
2) women having more severe knee OA; and 3) women having
significantly worse pain and function impairment. Therefore,
a majority of female subjects would limit generalization to the
male population. More study is required in this area.
Although our study found that the UltraTENS and the
PhP were effective for controlling the knee pain, there were
some limitations that should be addressed. First, these results
reflect only short-term effects. Therefore, assessment of a
longer post-treatment period is needed to identify treatment
efficacy for symptomatic knee OA. Second, the use of highfrequency sensory stimulation may have been a limitation, as
this technique could not have been applied to low-frequency
motor stimulation. Third, the UltraTENS effect is due to the
simultaneous US and TENS use. However, effects might have
been different if the treatments had been applied separately.
Finally, these results could not confidently be applied to male
patients.
In conclusion, no significant difference between the PhP
and the UltraTENS was found for relieving pain and improving
function in Kellgren-Lawrence grades I-III knee OA. Both treatments can be considered effective.

5. Wielage RC, Bansal M, Andrews JS, Klein RW, Happich M. Costutility analysis of duloxetine in osteoarthritis: a US private payer
perspective. Appl Health Econ Health Policy. 2013;11:219-36.
6. Brown GA. AAOS clinical practice guideline: treatment of osteoarthritis of the knee: evidence-based guideline, 2nd edition. J Am
Acad Orthop Surg. 2013;21:577-9.
7. Rutjes AW, Nuesch E, Sterchi R, Juni P. Therapeutic ultrasound
for osteoarthritis of the knee or hip. Cochrane Database Syst Rev.
2010(1):CD003132.
8. Rutjes AW, Nuesch E, Sterchi R, Kalichman L, Hendriks E, Osiri
M, et al. Transcutaneous electrostimulation for osteoarthritis of the
knee. Cochrane Database Syst Rev. 2009(4):CD002823.
9. Atamaz FC, Durmaz B, Baydar M, Demircioglu OY, Iyiyapici A,
Kuran B, et al. Comparison of the efficacy of transcutaneous
electrical nerve stimulation, interferential currents, and shortwave
diathermy in knee osteoarthritis: a double-blind, randomized, controlled, multicenter study. Arch Phys Med Rehabil. 2012;93:74856.
10. Turner PA, Whitfield TW. A multidimensional scaling analysis of
the techniques that physiotherapists use. Physiother Res Int.
1997;2:237-54.
11. Ustun N, Arslan F, Mansuroglu A, Inanoglu D, Yagiz AE, Guler
H, et al. Efficacy of EMLA cream phonophoresis comparison
with ultrasound therapy on myofascial pain syndrome of the trapezius: a single-blind, randomized clinical study. Rheumatol Int.
2014;34:453-7.
12. Boyaci A, Tutoglu A, Boyaci N, Aridici R, Koca I. Comparison of the
efficacy of ketoprofen phonophoresis, ultrasound, and short-wave
diathermy in knee osteoarthritis. Rheumatol Int. 2013;33:2811-8.
13. Bakhtiary AH, Fatemi E, Emami M, Malek M Phonophoresis
of dexamethasone sodium phosphate may manage pain and
symptoms of patients with carpal tunnel syndrome. Clin J Pain.
2013;29:348-53.
14. Luksurapan W, Boonhong J. Effects of phonophoresis of piroxicam and ultrasound on symptomatic knee osteoarthritis. Arch
Phys Med Rehabil. 2013;94:250-5.
15. Melzack R, Wall PD. Pain mechanisms: a new theory. Science.
Nov 19 1965;150:971-9.
16. Abdulla A, Adams N, Bone M, Elliott AM, Gaffin J, Jones D, et al.
Guidance on the management of pain in older people. Age Ageing. 2013;42(Suppl 1):1-57.
17. Watson T. The role of electrotherapy in contemporary physiotherapy practice. Man Ther. 2000;5:132-41.
18. Altman RD, Bloch DA, Bole GG, Jr., Brandt KD, Cooke DV, Greenwald RA, et al. Development of clinical criteria for osteoarthritis. J
Rheumatol. 1987;14:3-6.
19. Ravaud P, Giraudeau B, Auleley GR, Chastang C, Poiraudeau S,
Ayral X, et al. Radiographic assessment of knee osteoarthritis:
reproducibility and sensitivity to change. J Rheumatol. 1996;23:
1756-64.
20. Aarskog R, Johnson MI, Demmink JH, Lofthus A, Iversen V,
Lopes-Martins R, et al. Is mechanical pain threshold after transcutaneous electrical nerve stimulation (TENS) increased locally
and unilaterally? A randomized placebo-controlled trial in healthy
subjects. Physiother Res Int. 2007;12:251-63.
21. Chakour MC, Gibson SJ, Khalil Z, Helme RD. The influence of
TENS treatment parameters upon experimental pain perception in
healthy, pain-free subjects. Phys Ther. 2000;5:23-7.
22. Bjordal JM, Johnson MI, Ljunggreen AE. Transcutaneous electrical nerve stimulation (TENS) can reduce postoperative analgesic

Acknowledgements
The authors wish to acknowledge Ratchadapiseksompotch
Fund of the Faculty of Medicine, Chulalongkorn University for
financial supporting this study. Grant number is RA 55/73.
Suppliers
a. Enraf-Nonius B.V., Vareseweg 127, PO Box 12080, NL-3004
GB Rotterdam, the Netherlands.
b. Siam Phamaceutical Co., Ltd. 171/1-2 Soi Choke Chai Ruammitr Vibhavadi-Rangsit Rd, Chatuchak Bangkok, Thailand 10900.
c. SPSS Inc, 223 S Wacker Dr, 11th FI, Chicago, IL 60606.

References
1. Henderson JV, Harrison CM, Britt HC, Bayram CF, Miller GC. Prevalence, causes, severity, impact, and management of chronic pain
in Australian general practice patients. Pain Med. 2013;14:134661.
2. Kotlarz H, Gunnarsson CL, Fang H, Rizzo JA. Osteoarthritis and
absenteeism costs: evidence from US National Survey Data. J
Occup Environ Med. 2010;52:263-8.
3. Cho HJ, Chang CB, Kim KW, Park JH, Yoo JH, Koh IJ, et al. Gender and prevalence of knee osteoarthritis types in elderly Koreans.
J Arthroplasty. 2011;26:994-9.
4. Berger A, Hartrick C, Edelsberg J, Sadosky A, Oster G. Direct and
indirect economic costs among private-sector employees with
osteoarthritis. J Occup Environ Med. 2011;53:1228-35.

-51-

เวชศาสตรฟนฟูสาร 2560; 27(2)

23.

24.
25.

26.

27.

28.

consumption. A meta-analysis with assessment of optimal treatment parameters for postoperative pain. Eur J Pain. 2003;7:181-8.
Bellamy N, Wilson C, Hendrikz J. Population-based normative
values for the Western Ontario and McMaster (WOMAC) Osteoarthritis Index: part I. Semin Arthritis Rheum. 2011;41:139-48.
Byl NN. The use of ultrasound as an enhancer for transcutaneous
drug delivery: phonophoresis. Phys Ther. 1995;75:539-53.
Sluka KA, Walsh D. Transcutaneous electrical nerve stimulation:
basic science mechanisms and clinical effectiveness. J Pain.
2003;4:109-21.
DeSantana JM, Walsh DM, Vance C, Rakel BA, Sluka KA. Effectiveness of transcutaneous electrical nerve stimulation for
treatment of hyperalgesia and pain. Curr Rheumatol Rep.
2008;10:492-9.
Chen CC, Johnson MI. An investigation into the hypoalgesic effects of high- and low-frequency transcutaneous electrical nerve
stimulation (TENS) on experimentally-induced blunt pressure pain
in healthy human participants. J Pain. 2010;11:53-61.
Vance CG, Rakel BA, Blodgett NP, DeSantana JM, Amendola A,
Zimmerman MB, et al. Effects of transcutaneous electrical nerve

J Thai Rehabil Med 2017; 27(2)

29.

30.

31.

32.

-52-

stimulation on pain, pain sensitivity, and function in people with
knee osteoarthritis: a randomized controlled trial. Phys Ther.
2012;92:898-910.
Rutjes AW, Nuesch E, Sterchi R, Kalichman L, Hendriks E,
Osiri M, et al. Transcutaneous electrostimulation for osteoarthritis of the knee. The Cochrane database of systematic reviews.
2009(4):CD002823.
Cheing GL, Tsui AY, Lo SK, Hui-Chan CW. Optimal stimulation
duration of tens in the management of osteoarthritic knee pain. J
Rehabil Med. 2003;35:62-8.
Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, Jones
G. A meta-analysis of sex differences prevalence, incidence and
severity of osteoarthritis. Osteoarthritis and cartilage / OARS, Osteoarthritis Research Society. 2005;13:769-81.
Tonelli SM, Rakel BA, Cooper NA, Angstom WL, Sluka KA. Women with knee osteoarthritis have more pain and poorer function
than men, but similar physical activity prior to total knee replacement. Biol Sex Differ. 2011;2:12.

