A CONTROLLED TRIAL OF TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION
(TENS) AND EXERCISE FOR CHRONIC LOW BACK PAIN
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LAWRENCE S. S(:Hozmu.n, PH.D., AND SoMAvAJI RAMAMURTHY, M.D. :

Abstract A number of treatments are widely prescribed
for chronic back pain, but few have been rigorously evalu-
ated. We examined the effectiveness of transcutaneous
electrical nerve stimulation (TENS), a program of stretch-
ing exercises; or a combination of both for low back pain.

Patients with chronic low back pain (medlan duration, 4.1 '

years) were randornly assigned to receive daily treatment
with TENS (n = 36} sham TENS (n ='36), TENS plus a
program of exercises (n = 3?) or sham TENS plus exer-
cises (n = 36). |

i After one month no chmcaily or. stausncally S|gn|f|cant
treatment effect of TENS was found on any of 11 indica-
tors ' of r outcome ; measuring : pain, : function, -and back
flexion; 'there' was no- interactive ' effect: of TENS' with
exercise. Overall improvement ' in pain’ indicators | was
47 percent with: TENS and 42 percent with sharm TENS
(P not 5|gnmcant) 'The . 95 percent confidence inter-

N the United States low back pain, often of a chron-

ic nature, results in expendllurcs of $13 billion a -

year for. mcdlcal care.'"*’ Ainumber: of . simultaneous
treatments - are: usually -advocated  for: patients’ with
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vals for group differences excluded a major clinical benefit
of TENS for most outcomes. By contrast, after one
month patlems in the exercise groups, had sugniflcant im-
provement in self-rated pain scores, reduction in the fre-

~quency of pain, and greater levels of achwty as compared

with ' patients in the groups'that did not ‘exercise. The '
mean reported improvement in pain scores was 52 per-
cent. in the exercise groups and 37 percent in the
nonexercise groups. (P = 0.02). Two months' after the

- active. intervention, however, . most ' patients - had : dis-

‘continued the exercises, and the mrtlal mprcwements
.were gone. »

'We conclude that for patients with chrpnlc low back
pain, treatment with TENS is no more effective than treat-
ment with a placebo and TENS adds no apparent bene-
fit to that of exercise: alone (N Engl J. Med 1990 322:
1627-34.) B

- chronic pain, but few of these treatments have ever

"been subjected to rigorous clinical evaluation.’

Transcutaneous electrical nerve: sumulatmn :
(TENS) is widely used in the management of chronic
pain.” The use of conventional (high-frequency)
TENS was originally based on'the gate-control theory
of pain,® which suggested that counterstimulation of
the nervous system could modify the perception of

. pain. Later studies suggested that with low-frequency,
- high-amplitude {“acupun(‘turc like™) ' stimulation;

TENS could also raise endorphin levels in the spinal
fluid.” Nationwide data on the use of TENS are un-
available, but in 1986 the Veterans Administration
spent nearly $2 million on TENS units, and the labor
costs' for personnel to operate the device are high.
TENS units are approved for payment by most third-
party payers, including Medicare.

Despite its wide use and theoretical rationale, there
is meager evidence from controlled clinical trials of the
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efficacy of TENS in treating chronic back pain. Early
studies were uncontrolled or nonrandomized.®!' Later
trials suflered from unreported dropout rates, inad-
equate blinding, small samples, or crossover designs
that precluded patient blinding.'*'* One randomized
trial found “subthreshold” TENS (stimulation at an
imperceptible amplitude) to be no more effective than
sham TENS for low back pain.'"* A therapeutic trial in
patients with arthritis similarly found conventional
TENS to be ineffective.” The Quebec Task Force on
Spinal Disorders concluded that randomized, con-
trolled trials had produced no convincing evidence of
the efficacy of TENS.'®

Various exercise regimens are also advocated for
low back pain, but the Quebec task force again con-
cluded that there was no evidence from adequately
designed randomized trials to demonstrate the efficacy
of either strengthening or stretching exercises.'® None-
theless, a program of stretching exercises has been
implemented by a popular voluntary organization,
and uncontrolled follow-up suggests that the condi-
tion of many participants improves.' ' Many consid-
er exercise to be a mainstay of chronic pain ther-
apy,”*' because it increases muscle tone, flexibility,
mechanical effciency, and the patient’s involvement
in therapy. The paucity of evidence for the efficacy of
TENS or stretching exercises led us to conduct a ran-
domized trial to examine the treatments alone and in
combination.

METHODS
Selection and Evaluation of the Subjects

Potential subjects were sought by newspaper advertising in San
Antonio. Respondents were screened by telephone, and interviews
were scheduled for those who appeared to be eligible and interested.
Enrollment continued from April 1985 through November 1987,
Subjects were treated at the outpatient facilities of the University of
Texas Health Science Center at San Antonio.

Enrollment required low back pain of at least three months’ dura-
uon, considered by many to represent the onsct of chronic pain,®
Criteria for exclusion were a history of cancer, the use of corticoste-
roids or anticoagulant agents, maximal pain above vertebra T-12,
age over 70 or under 18 vears, the use of a cardiac pacemaker,
known heart disease, severe coexisting disease, or a previously une-
valuated neurologic deficit. Candidates were also excluded because
of factors that would impair follow-up, including the inability 10
keep twice-weekly appointments, plans to move within three
months, inaccessibility by telephone, and inability to speak English.
To enhance the blinding of the subjects to their treatment assign-
ment, we excluded candidates who had previously used TENS, and
we also excluded those seeking or receiving disability compensa-
tion.” Eligible subjects provided informed consent, completed base-
line questionnaires, and were scheduled for a physical examination
at a second visit. The allocation of treatment accurred after the
physical examination was complete and full cligibility had been
established. The subjects’ medical records were requested in order
to obtain reports of lumbar spinal imaging studies and laboratory
evaluations. Some abnormalities were evaluated further, but no
subject was excluded because of imaging or laboratory results. The
study protocol was approved by the institutional review board of
the University of Texas Health Science Center at San Antonio,

Treatment Assignment

The subjects were randomly assigned to one of four groups:
TENS plus exercise; TENS alone; exercise with sham TENS; or
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sham TENS alone. Other treatments {e.g., heat) were uniform and
are described below. Random assignment was performed in blocks
of four to ensure approximately equal numbers in the treatment
groups, The assignments were drawn from sealed envelopes and
were determined by means of a table of random numbers.

Compliance and Cointerventions

Compliance with the TENS treatment and exercise regimen way
assessed in several ways. We recorded the number of appointments
for treatment that each subject actually kept, and each subject also
kept a daily diary indicating whether and for how many minutes the
treatments were used. The subjects in the exercise groups were
asked to demonstrate the exercises at each visit, and accuracy was
rated on a four-point scale (1 being excellent, and 4 poor). At cach
evaluation, the subjects were asked about the use of new medica-
tions, physical therapy, other health care providers, or hospitaliza-
tion for back pain. Specific treatments were not proscribed, and we
expected random allocation to result in similar cotreatments in all
the study groups.

Treatment Description

TENS was performed with Epix 982 units (EMPI Corp., St
Paul), each with four round, carbon-impregnated rubber electrodes
5.5 cm in diameter. Identical but nonfunctioning units were pro-
vided by the same manufacturer. All the units had “on™ lights tha
flashed at the chosen stimulation frequency and low-battery-indica-
tor lights. All used 9-V, rechargeable nickel-cadmium batteries.
The units were given to the subjects with both written® and oral
instructions for home use, to be undertaken at least three times a
day for 45-minute periods. The subjects in the TENS groups re-
ceived conventional high-frequency TENS for two weeks {80 to 100
pulses per second at an amplitude setting of 30} and were then
instructed in acupuncture-like TENS (2 10 4 pulses per sccond at an
amplitude setting of 100). The modulated-pulse-rate mode was
used for all stimulation. In this mode, the device automancally and
periodically alters the rate of stimulation to reach an average of
the specified frequency in cach second. After trying acupuncture-
like TENS, the subjects selected the mode they preferred for the
last two weeks of treatment. The electrodes were initially placed
over the arca of most severe pain, and they were then moved
as necessary to optimize pamn relief. For subjects with sciatica,
electrodes were placed on the leg as well as the back. The subjects
in the sham-TENS groups received identical instructions and
similar adjustments in the placement of the electrodes. All the
subjects were told that they might or might not perceive stumula-
tion from the units, that stimulation was sometimes below a per-
son's threshold of perception, and that this should not be ol
concern,

Exercises were adapted from those developed by Kraus and pop-

ularized by the Young Men's Christian Association (YMCAJ"Y 1ty

and also from the work of Tollison and Kriegel.*" Rather thans
individual regimens, we prescribed a uniform set of 12 sequential
exercises. Three initial relaxation exercises were followed by nine
exercises designed to improve the fexibility of the spine, hip, and
lower extremities. These included leg-stretching and “bend-sitting”
exercises (exercises 4, |1, and 17 to 20 of Kraus,'” and the heel-cord
stretch, hamstring stretch, and knee-chest stretch of Tollison and
Kriegel®®). The subjects began with the 3 relaxation exercises and
were advised to add a new exercise each day until they were per-
forming all 12. Every day each exercise was performed in sequence.
with two or three repetitions, and the sequence was then performed
in reverse order. Repeated instruction, feedback, and written infor-
mation were provided to maximize compliance ™

The treatments were administered for four wecks, during which
the subjects were asked (o make twice-weekly visits. At these visits,
all the subjects received moist-heat treatment (hot packs), adjust-
ments in the placement of the TENS elecirodes, and written and
oral advice concerning lifting, standing, and resting positions. We
also loaned the subjects electric heating pads for home usc and
advised them to apply the pads to painiul areas for 10 minutes twice
a day. For those in the exercise groups, the application of heat was
recommended just before exercising. This regimen provided all the

,
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subjects with credible treatment and equal time and attention from
the research staft. After the intervention period, the subjects in the
exercise groups were encouraged to continue exercising with the
help of the written materials. All the subjects were informed of
possible sources of continuing TENS therapy, but this could not be
provided by the research staff after the first month,

Follow-up, Assessments of Qutcome, and Blinding

Physical examinations and questionnaires were repeated after
two and four weeks of therapy, and again two months after the
intervention period had ended. Because the four-week evaluation
came after the subjects had selected the mode of TENS stimulation
they preferred and after four weeks of intensive exercise, we as-
sumed that it would reflect the maximal benefit of treatment. Its
results were therefore taken as the primary outcome. The subjects
were reminded of assessment visits by postcard or telephone, and if
they did not keep an appointment, we made a number of attempts
to reschedule, interview by telephone, or obtain a mailed-in ques-
tionnaire,

Measures of outcome were grouped in four categories: functional
status, which included a modified Sickness Impact Profile (a com-
prehensive health-status questionnaire previously validated for use
in low back pain}??* and a self-assessment of whether the subject’s
level of activity increased, decreased, or was unchanged; pain rat-
ings, which included a self-assessed overall-improvement rating on
a six-point ordinal scale (1 = pain entirely gone, and 6 = much
worse), a l0-cm visual-analogue pain scale, a ]0-cm visual-ana-
logue scale of improvement {from 0 to 100 percent), and an ordinal
scale of pain frequency (1 = never, and 5 = all the time); physical
measures, including the extent of straight-leg raising on the more
limited side {using a gravity goniometer), spinal and hip flexion as
assessed by the distance from the fingertips to the floor on maximal
forward fexion, and spinal flexion as measured by the Schober
test’; and the use of medical services, including visits to other
health care providers for back pain and hospitalization. The Sick-
ness Impact Profile was modified by deleting the categories of cat-
ing and communication, prcviouqlv shown to be largely irrelevant to
patients with back pain.* Rcsponse formats for part of the category
of work were slightly modified to improve clarity. All measures of
outcome were obtained either by the subjects themselves or by eval-
vators (physicians or nurse practitioners) blinded to the TENS or
exercise assignments.

At the four-week assessment, the success of blinding 10 TENS
therapy was examined by asking the evaluator and the subject to
guess whether the subject had received true or sham TENS. Pa-
tients were asked to rank their certainty about therapy on a five-
point scale {1 = “I am certain my TENS unit was working proper-
Iy, and 5 ="1 am certain my TENS unit was not working
properly”}. Only the research assistant who supervised both TENS
and exercise was aware of the treatment assignments, and she per-
formed no evaluations of outcome.

The reproducibility of scores on the Sickness Impact Profile has
been well established in previous studies.*’ " We assessed the reli-
ability of the other indexes by measuring each index twice in 10 to
15 subjects at the same visit. Visual-analogue scales and ordinal
scales of pain and activity had test-retest intraclass correlations
ranging from 0.88 1o 1.00. Iutraclass correlations between observers
for physical examinations {straight-leg raising and flexion) ranged
from 0.49 10 0.99.

Statistical Analysis

A multivariate analysis of variance was used as a single overall
test of the eflects of treatment. The analysis employed all four-week
measures of outcome as dependent variables and treatment assign-
ment as the independent variable. Because there were no hospital-
izations for back pain during the study and few visits to other health
care providers, these were not included in the multivariate analysis.

Individual analyses of variance were then performed for each of
the outcome measures, For measures with base-line scores, the base-
line values were entered as covaniates. The results presented in the
tables are adjusted means with tests for significance from these
analyses, Confidence intervals for group differences were calculated
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with use of a linear model.*! Finally, the analyses of variance were
repeated, with all base-line characteristics that showed appreciable
differences among study groups entered as covariales to determine
whether the results would change. All the analyses were performed
with the Statistical Package for the Social Sciences, version 10.%

REesuLTs
Study Sample

There were 543 telephone responses to our re-
cruitment publicity. Ninety-six people declined to
participate, and 302 were excluded. The most com-
mon reasons for exclusion were the inability to attend
twice-weekly appointments (97 people), pain of less
than three months’ duration (43), the previous use of
TENS (41), and disability compensation (31) Thirty-
seven people were excluded because of coexisting con-
ditions or previously unevaluated neurologic deficits.

Thus, 145 subjects were enrolled and randomly as-
SIgncd to study treatments: 36 to TENS alone (group

1), 37 to TENS plus exercise {group 2}, 36 to no exer-
cise and sham TENS (group 3}, and 36 to exercise and
sham TENS (group 4). By the four-week assessment,
20 subjects had dropped out (14 percent): 5 from
group |, 3 from group 2, 5 from group 3, and 7 from
group 4 (P = 0.6). The most common reasons for
dropping out were inconvenience and difficulties with
transportation (11 subjects); only 1 dropout (who was
receiving both. active treatments) reported that the
treatments were: of no'help. The dropouts and the
remaining subjects were similar with regard to most
base-line demographic, historical, physical, and func-
tional traits, although the dropouts had a shorter me-
dian duration of pain (24 vs. 60 months} but greater
severity. At the three-month follow-up, data were ob-
tained for 122 subjects (84 perccnt) Lot

Characteristics of the Subiects

Dcmograph:c and - chmcalucharactcnstws of the
subjects for whom- follow-up data were available are
shown in Table 1. Only the proportions of those with
a neurologic deficit. or previous hospitalization for
back pain differed significantly: among groups. When
all . the TENS subjects were compared with all the
sham-TENS. subjects, only mean:educational level
was significantly different (13.7 vs. 14.9 years, respec-
tively). There were no significant differences between
all the exercise subjects and all the nonexercise sub-
jects. Sixty-six percent of the subjects were white,
31 percent Mexicani American, 2 percent black, and
1 percent belonged to other ethnic or racial groups.
Fifty-six percent of the subjects had coexisting con-
ditions, the most common being arthritis, hyper-
tension, and diabetes. At entry, 70 subjects were
employed outside the home, 20 were homemakers, 28
were retired, and 7 were unemployed. The most com-
mon occupations were teaching, nursing, accounting,
and sales.

We agree with expert panels that have concluded
that a definitive diagnosis cannot be made for most
subjects with low back pain.'®* Thus, study physi-
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cians usually gave nonspecific diag-
noses, such as chronic lumbar
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Table 1. Demographic and Clinical Characteristics of the Study Subjects Who Were
Available for Follow-up, Determined at the Time of Random Assignment.

strain or myofascial pain, with or

. ; o Grour 2 Group 3 Group 4
without s1gns of nerve-root 1rrita- Group 1 (TENS aND  (SHaM TENS (EXERCISE AND  ALL
liOIl (93 p(‘.l’CCI‘lt). Anolher 3 per- CHARACTERISTIC {TENS ALoNE)  EXERCISE) ALONE) SHam TENS)  SuUBIECTS
cent of the subjects were thought to No. of subjects 3 34 3l 29 125
have pain due to degenerative disk Mean age (yr) 53.7 53.0 48.1 50.6 51.4
disease, and the remainder were Sexd:fonale) 58 5% 58 59 58
given a variety of diagnoses. Radio-- Mean education (yr) ;j"" _'fz'"" ;i“” ;;'5 14.3
graphic diagnoses (not necessarily Married (%) it

nsidered th ses of ‘pain) are" Eropecyed af ety (%) 58 5 ol i e
Conpiter & p < . Median duration of current 84 66 60 36 &0
shown in Table 1. episode of pain (mo)

The study SubJCC[S had more fa-' Previous back surgery or chymo- 19 3 10 10 10
vorable psychological proﬁles and papain therapy (%) _
cmploymcm status ‘and 'used nar- < Neurologic deficit (%; ;‘I’T ]: 4 f: :z
cotic drugs less than'the patients at~ e

Radiographic findings (%)
tending our outpatient pain clinic.** ity 10 12 19 17 14
Most subjects described 'their pain ' Degenerative changes 52 53 3 41 a5
" Other 10 12 10 14 1
. mode‘."a“?;or.mﬂ.q': h;:s_, they re Unavailable 29 24 39 28 30
sembled p_a‘“?f“s w‘.t. A rom(_: ?a‘n . Any coexisting condition (%) 64 47 52 62 56
managed by personal physicians Self-reported history of 32 29 26 34 30
more than those treated at chmmc— “arthritis” (%)
Pa]n CCI'I[CI‘S None[heless’ PI'C\’IOUS Mean initial mn(]liﬁcd SIP scored 1 ;; Ié 4] Ig"; ]I.; 101
. * Mean physical-dimension score . 1 . 6. 6.2
med:cal care for low back pain was Mean psychosocial-dimension scorel 5.6 12.3 10.8 12,9 104
common as Table 1'shows in part. Mean depression scorc] 124 46 152 36.2 346
Eighty PCT‘CCM of ‘the subjects had ' Mean visual-analogue pain score 9.9 £ 37.9 a2 1.3
used pain medications, 42 percent ' Mean ordinal pain score** 2.4 25 2.4 25 2.4
had rmewed physical therapy, and = 'Previous hospitalization for 39 12 13 21 2)
47 percent had undergone spinal . o i >
manipulation. For all'145 subjects Pieviowsspinal CTocmyelapraphy () : 2] - o o
h Y d f Finger-to-floor distance with 10.6 5.3 10.9 12.5 9.7
the median urauon o pam was ‘maximal fiexion (cm)
4.1 years. Schober test (cm)tt 46 44 45 4l 44
Straight-leg raising on more 80 81 79 78 80

Bllnding and Complianoe with
Treatment

limited side (degrees)

On the basis of the questions an-

*Significant difference (P<:0.05) between groups.
tData were not available for three subgects.

swered at the end of the interven- 10ther radiographic disg

tion period, patient blinding with geobiosts (1)
regard to TENS therapy was par-
tially successful. Among the sub-
jects receiving true TENS, 100 per-
cent guessed that their TENS units
were functioning properly. In the
sham-TENS group,.84 percent
guessed that they had functioning
units, but their degree of certainty was less than that
of the true-TENS group.* As reported in the daily
diaries, compliance with both true and sham treat-
ment with TENS was good. For the subjects who com-
pleted four weeks of treatment, the TENS units were
used a mean of 25.5 and 24.9 days in the true-TENS
and sham-TENS groups, respectively. The units were
used for.a daily average of 122 and 150 minutes in the
two groups. In both the sham-TENS and the true-
TENS groups, 23 percent chose conventional TENS
for their final therapy, and the remainder chose acu-
puncture-like TENS. In the exercise groups, the exer-
cises were performed on a mean of 24 days for 25
minutes a day. At the end of the intervention period,

raw score of 59.

included sp lelysis (2 subjects), spondylolisthesis (7), compression fracture (3), and

§SIP denotes Sickness Impact Profile Scores range from 0 to 100, with higher scores indicating worse function. The mean
score in a general population is 3.6,

YA subscale of the Sickness Impact Profile.

llAccording to the Zung Depression Scale, on which raw scores range from 20 10 80, with higher scores indicating more
severe depression. Normal subjects have an average raw score of 26, and patients hospitalized for depression have an average

**Ordinal pain ratings were (1) extremely severe, (2) somewhat severe, (3) minimal, and (4) almost none.
ttScores of less than 5.0 cm are considered to indicate reduced Jumbar fAeaion.

mean accuracy in performing the exercises was 2.1,
indicating good adherence to the techniques as taught.
However, at the three-month follow-up, only 46 per-
cent of the subjects reported that they were still per-
forming regular back exercises. Attendance at the 8
study visits was good; the subjects made a mean of 7.2
visits, and there were no significant differences among
treatment groups. The use of heating pads was report-
ed for a mean of 23 days, 45 minutes per day.

Cointerventions

At the four-week visit there were no significant or
substantial differences among study groups with re-
gard to nonstudy treatments. No subjects were hospi-
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talized for back pain, only two began taking new medi-
cations, and six received physical therapy outside the
study.

Therapeutic Outcomes

Significant improvement in nearly every outcome
was observed in all four study groups. Improvement
was progressive from week 2 to week 4, but outcomes
had returned toward base line at the three-month fol-
low-up. '

Four-week group comparisons were first tested by
‘multivariate analysis of variance, with the nine meas-
ures of function, pain, and physiologic outcome. This
analysis revealed no:significant treatment effect of
TENS for all outcomes together (P'=0.7) or for any
individual outcome (P>0.2 in each case). However,
the main effect of exercise was significant (P = 0.03)
overall and for four individual measures of outcome.
There was no significant interaction of TENS with
exercise. Individual measures of outcome were then
examined in separate analyses of variance. Since no
treatment interaction- was observed, the results for
TENS and exercise are. shown separatc]y in Tables 2
and 3. _

There were no clinically important or statistically
significant ' differences ' in any outcome between the
subjects receiving ‘true "TENS rand ' those receiving
=sham TENS l(Table 2).1For ‘several  outcomes, ' the
.mean scores' were 'virtually/ identical. The upper 95
. percent: confidence! limit for, an: advantage of TENS
'was 0.38 point on, the: ordinal scale of improvement,
'9.6: mm on'thé visual-analogue pain scale, and 2.2
'points on the Sickness Impact'Profile. These are below
ithe Vlevels generally régarded ras': ‘clinically impor-
'tanit. %38 [t'is thus unlikely’ that ma_|or clinical benefit
“was overlooked because of the size of the sample:

/By contrast, i the analysis of the effects of exercise
' (Table 3) showcd an advantage of exercise in several
outcomes. Thei subjects assigned to the exercise’ pro-
rgram had significantly'higher activity levels, greater
‘improvement on ' the visual-analogue 'scale of  pain,
rand. mgmﬁcantlreducnon inithe reported frequency
(of | pain.' Among! the. physn::é! measures, ‘only' ﬁnger-
‘to-floor distance showed 'an’ advantage for exercise
‘that approached statistical s:gmﬁcance 'Unfortunate-

ly, there ‘appeared 'to |be 'no (difference in overall

‘function as judged by scores on the modified Sickness
Impact' Profile. The clinical importance’of the differ-
ences observed is difficult to gauge, but intuitively, a

52 percent improvement in the pain scale seems sub-

stantially better than a 37 percent improvement. The

- scores of Irequency of pain‘indicate that on average
the nonexercise groups continued to have pain some-

what' more than half the time, whereas the exercise

groups had pain'léss than half the time. Thus, there

was a s]ight advantage for the exercise groups in

symptoms, but ll(l[e evidence of an advantage in daily

functioning.
We examined outcomes at the two-week and three-
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Table 2. Qutcomes of Therapy with TENS or Sham TENS at Four-
Week Follow-up.*

SHaM True
TENS TENS
MEASURE (N =60) (N=6% DhFFERENCE
Functional status}
Overall modified SIP score 6.2 37 -05 (-2.2,1.3)
Physical-dimension score 3.2 32 0.02¢(-1.1,1.1)
Psychosocial-dimension score 5.7 5.9 0.2 (2.3 26)
Self-rated activity level 1.7 1.7 0.01 (—0.19, 0.21)
Pain v
Self-rated improvement§ 29 2.9 -0.01(0.38, 0.35)
Visual-analogue pain scale (mm) 240  21.7 -2.3 (-9.6,4.9)
Visual-analogue improvement - 418 47.0 5.2 (—6.6, 16.9)
scale (mmy) .
Frequency of pain¥ 30 29 -0.1 (-05,03)

Physical measures

Finger-to-floor distance (cm) 8.7 B7 0.04({-2.5,2.6)
Schober test {cm) 4.1 4.2 0.13 (-0.24, 0.50)
Straight-leg raising (degrees) B4 84 0.5 (-22,1D
Use of services
Days in hospital 0 0 0
Visits to other providers 0.30 0.22 —0.08 (—0.033, 0.25)
{mean no.)
Wish 1o continue TENS therapy (%) 56 | 68 12 (—4.9,28.9)

*Values shown are adjusted means after control for base-line values and for the main effect of
excrcise. None of the diff were statistically signifi (P“*O!b)'analysiqoimvan'mfce
in all cases). i

» tDifference is the score with true TENS minus the score wnh sham TENS. \-’alucs in
parcntheses are 95 percent confidence limits.

+ ISIP denotes Sickness Impact Profile. Scores range from 0 to ]m] with higher scores
|ud|caun,g worse function. The physical-di and p ion scales are
major subscales of the modified SIP, scored similarly. The self- rated activity level is scored
I tmore active than base line), 2 (equally active), or 3 (less active)!

§Scorcd on a six-point scale: | = pain entirely gone, 4 = nuchm,ge and &, = much worse.
Scored on a five-point scale: | = none, 2 = occaslmally 3 = about half the time,

-4—m|e|hanhalrth:umc a.ndS—aJImehme

‘month follow-ups in a similar manner. There: were

substantial improvements ' in:most: measures at the -

‘two-week visit, but no significant differences among -

treatment groups. Two months after active interyen-
tion had ended there was a slight. trend toward Wors-
ening (a return toward base’ hno) for’most ‘physical
measures and measures. of pain, and/there:were no

‘longer any significant treatment effects. Table 4 shows
‘results at the three-month visit for the exérmse and the

nonexercise groups. ' -.' v

Because base-line differences among groups (evcn if
not. statistically significant) could confound the: re-
sults, we also analyzed the four-week outcomes while
controlhng for the previous duration of ‘pain ‘and
for the presence of neurologic deficits, sciatica,, pre-

‘vious back surgery, previous spinal-imaging: studies

(myelography or computed tomography), previous
hospitalization for back pain, and any coexisting con-
dition. Entering these as covariates in the analyses of
variance in Tables 2 and 3 produced no substantial
change in the results. No advantage for TENS became
statistically significant (P>0.2 in all cases). The ad-
vantages of exercise in the measures of frequency
of pain and activity level remained significant, and
those for improvement in the scale of pain nearly so
(P=0.07).

Although dropouts were similar in most respects to
the subjects who remained in the study, we conducted
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a best-case analysis with assumptions that heavily fa-

vored TENS therapy over sham-TENS therapy. We -

assumed that every dropout from true TENS had a 25°
percent improvement in each outcome at the four-
week follow-up and that every dropout from sham
TENS had scores unchanged from base line. Even in
this analysis, the effect of TENS remained nonsignifi-
cant for every outcome variable except straight-leg
raising (84 degrees vs. 87 'degrees; P = 0.045). Simi-.

larly, we conducted 'a worst-case analysis for the ef--
fects of exercise, assuming that the dropouts had no-
improvement in:any. vanable, regardless: of  study

group. The effects of exercise on the wsual—analogue-
improvement scale and ' the frequency of’ pain. re-
mained significant, and the effects on the ordinal scale
of .improvement and 'the self-rated 'activity lcvel re--
mained nearly so (both P<0.06)..

Although we behcvc our analysxs of the 'm\act ran-
domized ‘groups to be ‘the most valid, we alsoloom-
pared four-week outcomes for several cllmcally impor-

tant ‘subgroups. Among the 107 suchcts with', good'-:'. -
TENS. compllance (=20 days of use), outcomes ‘were

similar to those in the entire gmup, with no srgmﬁcam .

effects 'of TENS. The outcomés among subjects with .

goocl exercise comphance (exercise’ on| =20, days;'

50) were sl:ghtly bclter than those in ,the overalll

exercise groups. For. subgroups withi v1sual-analogue

pain scores abow: or below the medlan the results

Table 3. Outcomes of Exerclse or-No Exercnse at Four-Week'
Follow-up.*'

. No N T
Exercise Exercise |1
AN =62) (N =63y,

MEASURE DiFFERENCET '

Functional status}

Overall modified SIP score 6.3 56 ~0.07(-2.2,09)
Physical-dimension score 320, 032 S002¢-L 1L
Psychosocial-dimension score © 6.2 5.5 ~07; (=32, 1.7
Self-rated actwny level ! 1816 —027 (-0.4, —0.01)§
Pain " EUETT I i .
Self-rated lmpmveammi kN | 2.7 ~0.4 (-0,8,-0.00§
Visual-analogue pain scale (mm) 259  19.8  —6.1 (—13.3,1.3)
Visual-analogue improvement 373 5.6 143 {2 7.26. 2)§
scale {mm) . {
Frequency of pain| 3.2 27 —035 ( 0 9 —0 pati
Physical measures
Finger-to-floor distance (cm) - 9.8 7.6 —2.2 (—48, 04)
Schober test (cm) |, | | 4.1, ;42 01 (03,04 .
Straight-leg raising (degrees) 84 B4 08 (-1.8,3.5)
Use of services L )
Days in hospital ' 0 1] .0 : .
Visits to other providers 0.3 0.2 -01 (-03,0.2)
{mean no.) ‘

*alues shown are adjusted means after control for base-line values and for the main effect of
TENS.

Difference is the score with exercise minus the score wﬂh nO exercise. Va.luen in pucm.he
ses are 95 percent confidence limits.

$SIP denotes Sn.lmess Impact Pmﬁle Scores range from (] l00 with higher scores -

mdlca:mg worse [ The phy and psychosocial-di scales are
major subscales of the modified SIP, scored similarly. 111e self rated activity level is scored
I {more actuve than base line), 2 (equally active), or 3 (less active),

§P<0.05 by analysis of covariance. ;.
%Scored on a six-point scale: 1 = pain entirely gone, 4 = no change, and 6 = much worsé-

[I$cored on a five-point scale: | = none. 2 = occasionally, 3 = about half the time.
4 = more than half the time, and 5 = all the time,
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June 7, 1990

Table 4. Qutcomes of Exercise or No Exercise Two Months after
the End of Active Intervention.*

No
ExERCISE . EXERCISE

MEasURE (N =601 (N =252 DiFFERENCET
Functional status} P

Overall modified SIP score 5.2 5.2 —0.07(-19, 1.7)

Physical-dimension score 2.5 350 —1.0 (-05,24)

Psychosocial-dimension score 5.1 4.7 =04 (-3.1,2.0) .

Self-rated acuvnl)r level 1.8 137 =0.1 {-03,0.1)
Pain

Self-rated improvement§ . 3.2 3.0 -02 (-0.6,03):

; Visual-analogue pain scale (mm) ' | 25.6 265 . 09 (-8.0,97

Visual-analogue improvement o 40.9 47.9 7.00(-64,201),

" scale (mm) . N . tHh

. Frequency of painy/ ': b0 30 029 —0.11(-06, 0.3)"
Phymca!measures SRR ; . R Y i

Finger-to-floor, d\stanoe (cm) 3.9 760 =23 {-53,08)"
""'Schober test (cm) | oA NR2E D (=0.2,'0.5);

Straight-leg raising (degmcs) i B4 1 86 1 2.0 (—3.1,4.9)
Use of services . e . : 1

Daysmhospl!al Yoo 0 0 s

' Visits'to other pnwlders o6t 09 03 0(-06,1.0)

(mmm) LA I ' 1 * .\-.!|_.

" *Values shown are ad;umd méans after control for base-line I\fla]mcs ‘and for the main eﬁnctof

TENS.' Numbers vary because of missing valucs, and there were only 107 subjects lor ithe |

physical l;ncasums i
i[)uﬂ’crem: is the score wuh exercise minus the score with no exercise. Values in pamnlin
ses arc 95 percent confidence limits. None of the differences were ‘statistically significant |
(P=0.1 by analysis of covariance in all cases). e
$SIP denotes Sickness Impact Profile. Scorcs range from 0 to 100, with higher scores 1
ion and psychosocial-di jon scales arc |

1 (mom active than base line), 2 {equally active). or 3 (Iﬁs acm'e)
' §Scored on h six- point scale: | = pain entirely gm\e 4= no change, and 6 = much wonse.©

¥5cored on a five-point scale: | = none, 2 = occasionally, 3 = about half the time,
4= more than half the time, and 5 = all the time.

.were similar to the overall results. The benefits of ex-

ercise. were more apparent;among subjects with a
shorter duration of pain (<49 months; n = 59) than

“among those with longstanding pain. Even.in the

group with shorter duration, there was little effect of
TENS:

Side Effects of TENS

Approx1matc]y one third of the subjects reported
minor skin irritation at the sites of electrode place-,
ment, with equal proportions in the true-TENS and
sham-TENS groups. Standardlzcd skin care was pra-
scribed in this circumstance,* but topical corticoste-
roids were sometimes necessary. One subject (receiv-
ing sham TENS) had a severe dermatitis four days
after therapy began, requiring the discontinuation of
treatment. Allergic dermatitis and skin irritation have
been previously described with TENS.*

Discussion .

The most striking result of this randomized, con-
trolled trial was the absence of an apparent benefit of
TENS. Although contrary to conventional wisdom,
this finding is in accord with the results of some small-
er, well-blinded trials of TENS for painful chronic
conditions.'*"® It may also explain why TENS appears
to have little long-term benefit, even in trials suggest-
ing short-term efficacy.®'* Advocates have long recog-
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nized a placebo effect of TENS,'? but our results sug-
gest that for chronic back pain, this may be its only
cffect.

Our negative results may be a consequence of suc-
cessful blinding that included a credible placebo and
strong suggestion. Langley and his colleagues reached
a similar conclusion, noting that placebos mimic the
pharmacologic effects of active drugs and implying
that placebo effects explain many of the actions attrib-
uted to TENS.'® Petrie and Hazleman showed that
sham TENS with visual and verbal suggestion was a
highly credible placebo,*' and follow-up questions
suggested that this technique was successful in our
trial. We also excluded persons with previous TENS
therapy from our study and avoided the crossover de-
sign employed by others.'"'? Our results challenge the
wide use of TENS for chronic low back pain and sug-
gest a need for further controlled trials with rigorous
blinding.

There are several possible reasons for negative re-
sults other than ineffective therapy.*” There may be
inadequate statistical power to detect important dif-
ferences, but confidence intervals around our group
differences were small and excluded a major clinical
benefit of TENS. Dropouts can unfavorably bias re-
sults, but in our study the numbers of dropouts were
similar among groups, the dropouts closely resembled
the subjects who remained, and a best-case analysis
still showed no significant effect.

Negative findings may also occur if a trial includes
patients unlikely to respond to therapy. Our subjects
had some characteristics belicved favorable for a
response to TENS (limited previous surgery, no work
disability, and minimal use of narcotics, for exam-
ple)** but that may simply indicate a better underly-
ing prognosis. Subgroup analyses did not uncover
benefits related to the duration of pain, the severity of
pain, or compliance. We had too few subjects with
sciatica to assess outcome confidently in this sub-
group.

Negative results may occur if the dose or the man-
ner of intervention is inadequate. In our trial, 100
percent of the subjects receiving TENS believed they
had true TENS, suggesting that all perceived the stim-
ulation, We sought the best possible placement of the
electrodes and used differing frequencies and ampll-
tudes of stimulation {although acupuncture-like stim-
ulation was offered for only half the treatment period),
and we still observed no benefit.

Finally, measures of outcome may be too unrespon-
sive to detect clinically important differences. We used
a broad range of measures, however, and they were
sufficiently responsive to detect the treatment effects
of exercise. Furthermore, in most measures of out-
come (including the modified Sickness Impact Pro-
file), significant improvements were demonstrated
over time (perhaps as a nonspecific result of attention,
placebo effects, and regression to the mean).
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Our negative results do not invalidate the gate the-
ory of pain modification.” For some persons with
chronic pain, there may be little or no nociceptive
stimulation, and learned pain behavior may be the
chief problem. Counterstimulation would not be ex-
pected to help in this situation. This form of counter-
stimulation may simply be madequate for some per-
sons with low back pain, and perhaps TENS is
efficacious for other pain qyndromes

The regimen of stretching exercises that we also
evaluated was designed to improve mobility and re-
duce pain by limbering muscles and! hgaments that
had become restricted in response to pain. The results
of our study suggest mild improvement.in combined
spinal and hip flexion (finger-to-floor- distance) and
moderate improvement in subjective reports of pain.
There was little evidence, however, of change in be-
havior or daily functioning. Unlike TENS, which is
thought to have an immediate effect that wanes with
time, exercise requires sustained performance for
beneficial effects. One month of intervention may be
insufficient to observe the full effect,* but our program
was more intensive than that prowdcd in most physi-
cians’ offices. The YMCA program involves six weeks
of exercises.'® In our trial, most subjects were no long-
er exercising two months after the intervention period,
reducing the apparent benefits of therapy. Thus,
methods of improving long-term compliance with ex-
ercise regimens are needed. Furthermore, trials!are
needed to compare our exercises. with other:effective
exercises,* in order to establish the mosti'_successful
regimen. .

We had no placebo counterpart to exercise, so our
results may be due to the nonspecific eftects of nstruc-
tion and attention. We altemptcd to minimize: such
effects by ensuring’that visits were equally frequent
and long and by providing credible thérapy to every
subject. Nonetheless, the subjects randomly: assigned
to no exercise may have believed that they had less
intensive therapy, thus influencing their results.

Our data support a trend [avoring active over pas-
sive therapy for both acute and chronic back pain.”!
They suggest that TENS may be no better than pla-
cebo for these patients with back pain, and they indi-
cate that TENS and exercise are no better than exer-

cise alone. There appear to be modest subjective &

benefits from the regimen of stretching exercises, but
few short-term effects on:actual behavior. A longer
period of exercise therapy may provide more substan-
ual benefits, but it will require ongoing efforts to main-
tain compliance.

We are indebted to Joan Hoflman, R.N., M.8.N., David Coates,
R.P.T., and Jane Hamlin, R.P.T., who provided valuable training
and advice for study personnel; to Nancy Sugarek, RN, M.S.N,,
Helen Provot, L.V.N., Margaret Moya, and Richann Roche for
technical assistance; to Kathy Minotto and J. Karen Mallick for
assistance in preparing the manuscript; and to Thomas Koepsell,
M.D., and Donald Patrick, Ph.D_, for valuable suggestions on an
earlier draft of the manuscript.
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