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Does Transcutaneous Electrical Nerve Stimulation Improve
the Physical Performance of People With Knee Osteoarthritis?

Pearl P.W. Law, MSc,* Gladys L.Y. Cheing, PhD,T and Amy Y.Y. Tsui, MSc}

Background: According to a recent metaanalysis study, there is
strong evidence to support the view that transcutaneous electrical
nerve stimulation (TENS) 1s an effective treatment for managing
osteoarthritis (OA) knee pain. However, there is limited evidence
showing its effectiveness in improving physical function. This study
examined whether TENS alone can improve physical function 1n
terms of range of knee motion and the Timed-Up-and-Go Test.
Methods: Subjects were randomly allocated 1into 2 groups receiving
TENS at 100 Hz or a placebo TENS. Outcome measures included:
1) visual analog scale for measuring the intensity of the present pain,
2) Timed-Up-and-Go Test, and 3) range of kneec motion (ROM).
Repeated-measures analysis of variance and Pearson correlation
were used for data analyses.

Results: By day 10, TENS produced a significantly greater increase
tn maximum knee ROM than the placebo group (£ = 0.033). TENS
also significantly increased the pain-limited knee ROM across ses-
sions, but the between-group difference was short of significance

and-Go Test was also not significantly different between the 2
groups. A moderate correlation was observed between the reduction
in pain scores and the improvement in the Timed-Up-and-Go Test.
Conclusions: Qur findings suggested that TENS did improve some
of the physical parameters but over 10 days was unable to produce
significant improvement in functional performance among people
with knee OA. A larger-scale study with the assessment of other
functional outcomes may be required to clarify if TENS could
improve {function in people with knee OA. Also, exercise can be
considered to be an important adjunct treatment to TENS to improve
function significantly,
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here 1s a high prevalence of osteoarthritis (OA) among

people over the age of 65." 1t is estimated that approxi-
mately 15.8 million Americans have osteoarthritis.? In the
United States, people with OA account for an estimated 7.3
million visits to physicians per year.” Of all visits to general
practitioners, 15% to 30% may be either directly or indirectly
attributed to OA.* The major signs and symptoms of knee OA
are pain, stiffness, crepitation, instability, loss of function,

joint enlargement, and impaired muscle strength.” Synovitis

and angular deformities with subluxation may occur in an
advanced stage.® People with OA knees have particular dif-
ficulties rising from a chair, climbing stairs, kneeling, stand-
ing, and walking.” The isometric peak torque of both the
quadriceps and hamstrings of people with knee OA are
weaker than those of elderly people of the same age.® In
addition, gait velocity 1s slower, cadence is reduced, and
stride length is shorter among people with knee OA. Their
range of knee motion during nonweight-bearing movement or
during walking is reduced.® This may be one of the reasons
why people with knee OA encounter difficulties in rising
from a chair, walking, or climbing stairs.

According to a recent metaanalysis performed by a
Philadelphia Panel,” there is strong evidence that TENS is
effective 1n managing OA knee pain; however, there is
l[imited evidence to support its effectiveness in improving
physical function. In fact, pain is one of the major factors
restricting physical function. Pain, weakness, and physical
dysftunction form a viclous cycle as the disease progresses, It is
unclear 1f transcutaneous electrical nerve stimulation (TENS)
produces an improvement in physical function parallel to pain
reduction. A limited amount of research has been conducted in
this area. Therefore, the objectives of this article are first, to
examine whether TENS alone can improve knee range of
motion (ROM) and performance in the Timed-Up-and-Go Test,
and second, whether the reduction in knee pain by TENS
correlates to an improvement in physical performance.

METHODS

Subjects

This was a double-blind, randomized, controlled trial,
Thirty-nine subjects were recruited from 2 local physiother-
apy clinics. They were randomly allocated into 2 groups:
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those receiving TENS (n = 22) and those receiving a placebo
TENS (n = 17). Randomization was carried out by physio-
therapists who performed the treatment by drawing lots trom
the randomization envelope without replacement. The asses-
sors and subjects were blind to the group allocation. All
subjects were told that when the indicator light of the TENS
was blinking, it meant the machine was working properly.
They might or might not feel any tingling sensation during
treatment because the intensity of the current was small.
Demographic characteristics and visual analog scale (VAS)
scores at the baseline were comparable among the groups
(Table 1). Three people withdrew from the study: 1 from the
treatment group and 2 from the placebo group. The fhrst
withdrawal was the result of an unstable medical condition
(high blood pressure). The second one was because of social
problems. The third one was an induced dropout because of
consumption of analgesics on day 3.

Inclusion criteria were subjects with at least grade Il
osteoarthritic changes in x-ray according to Kellgren and
Lawrence,' ' who were considered competent enough to com-
plete the VAS, and for whom OA was the major cause of the
present knee pain. Exclusion criteria were subjects with prior
knee surgery, those who had received intraarticular cortico-
steroids within 4 weeks before the study, and those with any
chronic or uncontrolled comorbid disease. People with a
cardiac pacemaker or those who had received any TENS 1
month before the study were also excluded.

Instrumentation

Dual-channel TENS (1TO, Tokyo, model 120Z) was
used 1n this study. Two pairs of rubber electrodes (4.5 X 3.8
cm?) were placed over the acupuncture points of the knee
(ST35, LE4, SP9, GB34). Acupuncture points were chosen
because they were highly reproducible and convenient.'' The
stimulators delivered a current at 100 Hz with a pulse width

TABLE 1. Demographic Characteristics of the Subjects
TENS Placebo
(n = 22) (n = 17) P Values*

Age (years) 747+ 13.1 749 = 11.2 0.948
Gender 21 F+ 1M l6F+ 1M

Body height (m) 1.5 = 0.1 1.5 + 0.1 0.880
Body weight (kg) 594 £ 10.0 64.2 = 13.1 0.202
History of osteoarthritic 6.5+ 103 9.0 % 8.0 0.376

knee (years)

Baseline VAS scores 5.2 £ 1.5 5.1 £ 2.2 0.972
Radiographic grading of 2.6 * 0.7 2.0 £ 0.7 0.648

osteoarthritis

Values are mean =+ standard deviation.
*P values denote the comparisons between the 2 groups.
TENS indicates transcutaneous electrical nerve stimulation.
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of 200 ws. The duration of the stimulation was 40 minutes.
Forty minutes was chosen because our previous study found
that it 1s the optimal treatment duration for treating knee OA
knee.'” The intensity of the current was set at a comfortable
level as determined by the subjects and ranged between 25
mA and 35 mA. The intensity of the current was increased at
S minutes into the stimulation if subjects reported accommo-
dation to the stimulation. New batteries were replaced for
every 10 hours of operation.

The appearance of the placebo machine was 1dentical to
the real treatment unit, but the circuit was disconnected by an
electrical technician. When the placebo machine was turned
on, an indicator light would light up; however, there was no
electrical output. Therapists pretended to step up the intensity
of stimulation 5 minutes into the stimulation, as was being
done with the other treatment groups. A new battery was also
inserted after every 10 hours of operation.

Experimental Procedures

After explaining the experimental procedures and the
potential risks, informed consent was obtained. Demographic
data, including the gender, age, body weight, body height,
and history of knee pain, were recorded. Daily treatment was
delivered 5 days a week for 2 consecutive weeks.

Assessments were performed at baseline, day 5, day 10,
and at the 2-week follow-up session. Outcome measures
included a VAS for recording the intensity of the pain, knee
ROM (pain-limited ROM and maximum ROM), and Timed-
Up-~and-Go Test, The data obtained in the VAS were used to
correlate to the physical outcomes.

When recording the intensity of the pain, subjects were
asked to rate the intensity of the pain felt during walking
betore stimulation by making a mark on a 10-cm VAS line,
Subsequent recordings of VAS were done on separate sheets
of paper. This prevented the subjects from comparing the
present VAS with the previous one.'” A goniometer with a 1°
increment was used to measure the range of knee motion in
flexion and extension in the present study. The range of knee
motion was measured as the pattent reclined in a supine lying
position. The axis of the goniometer was placed over the
lateral epicondyle of the femur with the stationary arm
pointing toward the greater trochanter, The movable arm was
placed over the lateral border of the fibula and pointed toward
the lateral malleolus. The pain-limited range of motion of the
knee was recorded when the subjects actively flexed or
extended their knees. The maximum knee range during pas-
sive movement was also measured.

The Timed-Up-and-Go Test is a simple test of basic
physical functional mobility for frail elderly persons. 1t has
been validated and has been shown to be a reliable measure-
ment.'* Subjects were required to stand up from a sttting
position in an armchair with their arms resting on the arms of the
chair. They wore their regular footwear and used their usual walk-
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ing aids if necessary. They were agked to rise up from the chair,
walked for a distance of 3 meters. tym around, and returmn to the

same seat and sit down. The whole procedure was first demon-
strated, then the actual test was recorded in terms of seconds

Data Analysis

SPSS verston 11 was used for this analysis and the
significance level was set at 0.05_ A repeated-measures anal-
ysis of variance to repeated COomparnisons; the Bonferroni correc-
tion was used to adjust the ¢ level to 0.0125. A Pearson
correlation was performed to examine the linear correlation of
VAS scores on knee ROM and on the Timed-Up-and-Go Test.

RESULTS

Pain-Limited Knee Range of Motion

The results of pain-limited knee ROM for the 2 groups
are summarized in Table 2. There was significant interaction
between “group” and “‘treatment sessions” (P = 0.001),
indicating that the change i1n pain-limited knee ROM across
sessions varied in the 2 groups. For the within-group com-
parisons, the pain-limited knee ROM of the TENS group
increased significantly from 104.5° onday | to 116.0° on day
5 and further increased to 122.2° by day 10 (P < 0.001). The
within-group difference remained significant even when the
Bonferroni correction was used to adjust the « level to 0.0125.
The improvement in pain-himited knee ROM was maintained at
least up to the 2-week follow-up session for the TENS group.
The pain-limited knee ROM for the placebo group was not
statistically significant across sessions (P = 0.548).

On day 10 and in the follow-up session, the between-
group difference just fell short of significance with P = 0.067
and 0.060, respectively.

The Maximum Knee Range of Motion
The results of the maximum knee ROM for the 2

groups are summarized in Table 3. A significant interaction
was found between “group” and “treatment sessions” (P =
0.002), indicating that the change in the maximum knee ROM
across sessions was different in the 2 groups. The maximum
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knee ROM for the TENS group increased significantly from
121.6° on day | to 127.7° on the follow-up session (P <
0.001). Such a within-group difference remained significant
even when the Bonferroni correction was used to adjust the «
level to 0.0125. In contrast, no significant change was ob-
served in the maximum knee ROM for the placebo group
across sessions (P = 0.177).

For the between-group comparisons, a significant difference
was recorded on day 10 (P = 0.033) and during the follow-up
sessions (P = 0.025). The TENS group showed a greater
increase in maximum knee range than did the placebo group.

The Influence of Transcutaneous Electrical
Nerve Stimulation on the Timed-Up-and-Go
Test

The results of the Timed-Up-and-Go Test for the 2
groups are summarized in Table 4. No significant interactions
were found between “day” and “group” (P = 0.330), indi-
cating that the time required for performing the Timed-Up-
and-Go Test was similar across sessions for the 2 groups. The
within-group difference for the 2 groups was significant
across sessions (P < 0.001).

For the TENS group, the time required to complete the
Timed-Up-and-Go Test was reduced significantly from 20.2
seconds on day 1 to 17.6 seconds on day 5, and then further
to 16.5 seconds by day 10. The performance in the test was
maintained from day 10 to the follow-up session. In the
placebo group, the time to complete the Timed-Up-and-Go
Test also improved significantly from 23.9 seconds on day |
to 21.3 seconds on day 5, and further to 19.2 seconds by day
10. The time needed to complete the test was maintained
from day 10 to the follow-up session. However, no significant
between-group difference was found (P = 0.246).

Correlation of Pain Outcomes With Physical
Impairment and Function

Pearson correlations of the VAS scores and the physical
impairment and function were calculated in the follow-up
session. Physical impairment and function was examined in

TABLE 2. Pain-Limited Knee Range of Motion Recorded on Day 1, Day 5, Day 10, and the Follow-Up
Session
Within-Group
Day 1 Day 5 Day 10 Follow-Up P Values*
TENS 104.5 = 17.48 116.00 £ 12.5 122.2 = 12.6 121.1 = 13.8 < 0.001
Placebo 1109 = 19.4 1109 £ 19.5 1122 £202 110.7 = 21.4 0.548
0.284 0.331 0.067 0.060

Between-group F values

3 ' deviation.
Values are mean = standard

There was signif
*Within-group £ va

TENS indicates transcutancous electrical nerve stimulation.
- - ¢ -
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cant interaction between “group™ and “session™ (P = 0.001).
ues denote comparisons across sessions within each group.
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TABLE 3. Maximum Knee Range of Motion Recorded on Day 1, Day S, Day 10, and the Follow-Up

Session
Within-Group
Day 1 Day 5 Day 10 Follow-Up P Values™

TENS 121.6 + 13.3 1252 + 13.4 129.4 + 11.6 127,77 + 13.4 < (0.00]1
Placebo 116.8 = 18.8 116.4 + 18.5 185 = 19.] 115.1 = 20.4 0.177
Between-group P values 0.353 0.094 0.033 0.025

Values are mean * standard deviation.

There was significant interaction between “group” and *'session™ (P = ().002); hence, the analysis of “group” and “session™ were

carried oul scparately.

*Within-group P values denote comparisons within each group across sessions.

TENS indicates transcutaneous electrical nerve stimulation.

terms of limited knee ROM, maximum knee ROM, and the
Timed-Up-and-Go Test. A weak-to-moderate correlation was
noted between the percentage change in the VAS score with the
pain-limited ROM (r = —0.209, P = 0.350), with the maximum
knee ROM (r = —0.262, P = 0.238), and with the Tuned-Up-
and-Go Test (r = 0.443, P = 0.039) as shown 1n Table 5.

DISCUSSION

Most people with knee OA report pain when moving
their knees. They usually cope with the disease by avoiding
any movement that triggers knee pain, This may develop 1nto
joint stiffness over time. After repeated TENS treatments, the
active TENS group, but not the placebo group, showed a
significant mcrease in maximum knee ROM. The maximum
knee ROM of the TENS group was still significantly greater
than that of the placebo group at the 2-week follow-up
session. Although TENS also produced a significant increase
in the pain-limited knee ROM over tume, the between-group
difference just fell short of significance.

Pain, swelling of the joints, and stiffness are the com-
mon signs and symptoms of knee OA. High-frequency TENS
is believed to increase the local blood supply.'™'® Such an
increase in local circulation may decrease the swelling around
the joint, thus improving the freedom of movement within the

TABLE 4. The Timed-Up-and-Go Test Recorded on Day 1,
Day 5, Day 10, and the Follow-Up Session

Day 1 Day 5 Day 10 Follow-Up
TENS 20279 17.6 7.3 165 7.8 155 % 64
Placebo 239 £ 156 213 *11.8 192 % 11.6 200 % 11.6

Values arc mean = standard dewviation.

There was no significant interaction between “group™ and “session” (P =
0.330). That means that the changes in the Timed-Up-and-Go Test over time
were similar in both groups. The overall within-group difference is signifi-
cant (P < 0.001), but the between-group difference was insignificant (P =

().246).
TENS indicates transcutancous electrical nerve stimulation,
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joint. Sluka and Westlund'’ demonstrated that agents that
decrease joint swelling could also decrease limb guarding.
Grimmer'” showed that high-frequency TENS (80 Hz) pro-
duced a significantly greater and faster relief for stiffness than
a placebo (P = 0.03). It 1s possible that TENS reduces pain
and swelling over the knee joint among people with knee OA,
thus reducing limb guarding, and a greater maximum Kknee
ROM can be accomplished. Most people believe that there is
a victous circle between pain and movement. Pain 1S an
important factor restricting movement, but a limitation in
movement may result in more pain. Theoretically, when pain
decreases, muscle spasm decreases and joint mobility may
increase. However, our findings demonstrated only a weak-
to-moderate correlation between the pain outcomes and the
physical data, The improvements in various treatment out-
comes for people with knee OA could not be explained by a
simple and linear relationship.

We found significant improvement in maximum knee
ROM, but not in pain-limited knee ROM or the Time-Up-
and-Go tests. 1t 15 well documented that the functional per-
formance of people with OA knee is reduced.'®'? Their
walking speed 1s slower than that of normal aged-matched
people.'” If pain is elicited during the weight-bearing phase,
people with knee OA may walk with a limping gait, If TENS
could reduce knee pain, theoretically, it could improve walk-
ing performance. Our findings demonstrated a medium cor-
relation between the VAS score and the Timed-Up-and-Go

TABLE 5. Correlation Between the Percentage Change in
the VAS Scores and the Physical Measurements in the
Follow-Up Session

Pain-Limited Maximum Timed-Up-

Knee Range Knee Range and-Go
of Motion  of Motion Test
Pearson correlation (r) —().209 —0.262 0.443
Significance (2-tailed) 0.350 0.238 0.039
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Test (r = 0.443). However, pain 1s not the only factor that
limits functional performance among these subjects. Other
factors such as the patient’s confidence, their dynamic stand-
ing balance ability, muscle strength of lower limbs, and
ability to use walking aids may also influence their perfor-
mance in the Timed-Up-and-Go Test.

Theoretically, pain may discourage people with OA
knee from performing exercises, which may result in a
reduction in joint mobility over time. If the application of
TENS controls knee pamn and improves knee ROM, people
with knee QA will be able to tolerate more quadriceps
exercise In a greater knee ROM. However, our results only
found a weak correlation between VAS scores and range of
knee motion (r = —0.209 for pain-limited knee ROM and
—(0.262 for maximum knee ROM). That means pain reduc-
tion by TENS may not necessarily result in a corresponding
gain in knee ROM. If so, exercise training to the quadriceps
muscle is indicated. Stronger quadriceps muscles could pro-
vide better protection of the knee joint.*" It reduces excessive
stress and strain on the lax joint capsule where the nocicep-
tors are located and reduces knee pain during movement. A
previous study has shown that a muscle traming program can
effectively decrease pain and improve balance and walking
speed! for people with knee QA. Therefore, it is indicated
that an effective rehabilitation program should consist of both
TENS and an adjunct exercise program.

In the present study, a placebo group was included as a
control group. We did not request subjects to make a guess
which group they were allocated; it was unclear how well the
subjects were blinded. This could be a limitation of the
nresent study. Also, as a result of the small sample size, the
between-group difference in the pain-limited knee ROM just
fell short of significance on dayl0 and the follow-up session.
A larger-scale study with the assessment of other functional
outcomes is required to clarify if TENS could 1mprove
functional performance in people with knee OA.

The present protocol for TENS showed little effect on
physical function as measured in the Timed-Up-and-Go Test.
However, previous studies have shown that TENS is effective
in pain reduction. Because the cost of a TENS unit 1s
economic and it is a safe modality that patients can use it at
home, it is still felt to be a good choice of treatment in the
management of knee OA. However, TENS alone appears to
have little effect on function. Future studies are needed to
evaluate if the addition of quadriceps strengthening exercises
to TENS application would produce better overall treatment
outcomes for knee OA.

CONCLUSIONS
Qur findings demonstrated that 2 weeks of repeated
applications of TENS significantly increased the maximum
passive knee range of motion. However, it did not signifi-
cantly increase pain-limited knee range or improve the per-

© 2004 Lippincott Williams & Wilking
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formance of Timed-Up-and-Go Test. There was only a weak-
to-moderate correlation between the VAS pain scores and
various physical outcome measures. The present protocol of
TENS appears to have little effect on physical functions as
measured i the Timed-Up-and-Go Test. Quadriceps strength-
ening exercises can be considered as an adjunct treatment to
TENS, which may be a better rehabilitation strategy in reducing
pain and improving function for people with knee OA.
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