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The purpose of this study was to determine the effect of four different forms of 
transcutaneous electrical nerve stimulation (TENS) on sympathetic tone in healthy 
subjects. Twelve subjects received high frequency, low frequency, burst fre
quency, and placebo stimulation to one upper extremity. Treatments were given 
on different days. Ipsilateral and contralateral fingertip skin temperatures were 
measured at three intervals for each treatment: 1) after a 25-minute rest period 
before stimulation, 2) after a 25-minute treatment, and 3) 25-minutes posttreat-
ment. High, low, and burst frequency TENS significantly increased sympathetic 
activity in the ipsilateral extremity immediately after treatment. Similar trends in 
temperature change were seen on the contralateral side. The effects of the three 
nonplacebo treatments did not differ from each other. Further research is needed 
to assess sympathetic effects of TENS on patient groups. The results suggest 
that monitoring skin temperature as part of a TENS assessment may be war
ranted, especially in patients with distal vascular impairments. 
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Three different forms of transcutane
ous electrical nerve stimulation (TENS) 
are widely used in physical therapy: high 
frequency (40 to 150 pulses per second), 
low frequency (1 to 4 pulses per second), 
and burst frequency (short bursts of high 
frequency stimulation emitted 1 to 4 
times per second). Although all three 
forms decrease pain, their comparative 
effectiveness is unclear.1"4 With each 
form of TENS, the degree of pain relief 
may vary depending on the pain syn
drome, electrode placements, type of 
stimulator, or different reactions of pa
tients with the same pain syndrome. The 
choice of specific TENS characteristics 
is, therefore, arbitrary and is usually ap
proached in an inefficient and time-con
suming "trial and error" manner. 

Evidence exists, however, that a pa
tient who does not respond to one form 
of TENS may respond to another.5,6 

Additional information is needed about 

the effects of each form of TENS to 
delineate optimal choices of treatment. 
One important area that has not re
ceived adequate investigation is the ef
fect of TENS on sympathetic activity. 

The interrelationship between sym
pathetic nervous system activity and the 
sensation of pain is imprecisely defined. 
Most authors maintain that many pain-
conducting nerve fibers enter the sym
pathetic ganglia, but their exact influ
ence on sympathetic outflow is un
clear.7-8 Research does indicate a dy
namic relationship in which painful sen
sations can lead to increased sympa
thetic tone and excessive sympathetic 
tone, in turn, can lead to pain. 

This interrelationship may be the ba
sis, as well as the key to treatment, of 
some pain syndromes. For example, 
stress is associated with increased sym
pathetically controlled peripheral vaso
constriction. In individuals with Ray
naud's disease, this increase in sympa
thetic tone may result in pain, especially 
in the fingers and toes. This condition 
can be treated using thermal biofeed
back. Pain relief is achieved by the pa
tient's conscious efforts to increase distal 
skin temperature, thereby decreasing 
sympathetic activity.9 Reflex sympa
thetic dystrophy, including causalgia, 
Sudeck's atrophy, and shoulder-hand 
syndrome, is characterized by severe 
pain and sympathetic vasomotor dis

turbances.10 A sympathetic block always 
gives prompt relief of these symptoms 
and, indeed, is considered essential to 
confirm the diagnosis.10 

In animal research, Wall demon
strated that neuromas in the intact 
sciatic nerve of rats were extremely sen
sitive to sympathetic amines.11 He sug
gested that the excessive pain sometimes 
experienced in humans after peripheral 
nerve injury may be related to a similar 
excessive sensitivity of the pain fibers to 
sympathetic amines. Pain relief might 
result from maneuvers that decrease 
sympathetic activity, thereby decreasing 
excessive peripheral pain-fiber firing. 

Despite this relationship between pain 
and sympathetic activity, only a few 
studies have investigated the effects of 
TENS on sympathetic activity.12"15 

Most of these studies have examined 
high frequency TENS only, and the re
sults have been contradictory and incon
clusive.12"14 Only one study was found 
that investigated the effects of low fre
quency stimulation on sympathetic ac
tivity.15 This study noted decreased sym
pathetic activity after low frequency 
TENS. The effects of any of the forms 
of TENS on sympathetic tone in healthy 
subjects without pain has not been es
tablished. 

The purpose of this study was to de
termine the sympathetic response of 
healthy subjects to the application of 
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each of three forms of TENS to one 
upper extremity. 

METHODS 

Subjects 
Twelve healthy women who were 18 

to 35 years of age (mean, 20 years old) 
and who were unfamiliar with TENS 
devices participated in the study. All 
subjects refrained from strenuous exer
cise, cigarette smoking, and caffeine 
ingestion for two hours before the test
ing. Each subject signed an informed 
consent to participate. The procedure 
was approved by our institutional re
search review committee. 

Materials 

Electrical stimulation was provided 
with a Neuromod® Selectra™* model 
7720 dual-channel stimulator con
nected to TENS electrodes (17 sq cm, 
each). Neuromod TENS electrode gel 
was used as the conducting medium. 
Skin temperature was measured with a 
Cyborg† J42 digital readout thermal 
biofeedback unit connected to standard 
reusable skin thermistors. A quiet envi
ronment was maintained in a room with 
an average temperature of 23°C with a 
range, 22°-24°C (73.4°F [71.6°-75.2°F]). 

Procedures 

We gave each subject the four treat
ments, each on a different day but at 
about the same time of day. Treatments 
were given according to a Latin square 
design. The four treatments, all given in 
the same manner and with electrodes 
affixed to the same upper extremity 
points, were 1) high frequency TENS, 
2) low frequency TENS, 3) burst mode 
TENS, and 4) placebo TENS (Fig. 1). 
During the placebo stimulation, no elec
trical current was delivered. 

For each appointment, one investi
gator applied TENS electrodes and skin 
thermistors to the subject and placed 
both of the subjects' hands in resting 
splints to maintain the fingers comfort
ably in the same position throughout 
the testing procedure. The investigator 
placed TENS electrodes over four acu
puncture points commonly used for up
per extremity pain (Fig. 2).16,17 Acu-

Fig. 1. Electrical characteristics of TENS used in treatments one, two, and three, respectively; 
pps = pulses per second. 

Fig. 2. Acupuncture points used for electrode placement. 

* Medtronic, Inc, Neuro Division, 6951 Central 
Ave, NE, Minneapolis, MN 55440. 

† Cyborg Corp, 55 Chapel St, Newton, MA 
02158. 
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TABLE 1 
Mean Skin Temperature Differences (C°) (N = 12) 

Treatment 

Ipsilateral Extremity 
High frequency 
Low frequency 
Burst frequency 
Placebo 

Contralateral Extremity 
High frequency 
Low frequency 
Burst frequency 
Placebo 

Immediate Effects 
s 

-2.73 
-3.44 
-2.45 
-0.13 

-1.50 
-2.27 
-1.43 
-0.46 

2.08 
2.88 
2.01 
1.13 

1.85 
1.59 
1.19 
1.28 

Short-term Effects 
s 

-1.00 
-1.88 
-0.12 
-0.23 

-0.61 
-2.35 
-0.26 
-0.14 

2.84 
2.19 
3.28 
1.88 

2.82 
2.30 
1.55 
2.18 

puncture points, Large Intestine 4 and 
Heart 7, constituted one channel; Peri
cardium 6 and Large Intestine 10 con
stituted the second channel. 

The investigator secured skin thermis
tors to the tips of both index fingers. 
Skin temperature was recorded from 
this location because the blood flow 
through the fingertips is controlled al
most entirely by sympathetic vasocon
strictor nerves.18 Vasodilation occurs 
passively when sympathetic tone de
creases. Therefore, increases or de
creases in sympathetic vasomotor activ
ity can be determined by the direction 
of the change in distal vasomotor tone. 
Stallworth et al in a study that included 
1,200 subjects concluded that fingertip 
skin temperature accurately reflects cu
taneous vasomotor activity.19 

After we applied electrodes and ther
mistors, each subject relaxed for 25 min
utes in the supine position. A 25-minute 
treatment session then followed. Each 
subject was given the same instructions, 
"You may or may not feel any sensation 
or experience muscle contraction from 
the treatment. You should relax and be 
comfortable during the session. Every 2 
minutes during the first 10 minutes of 
the treatment session, the current inten
sity will be increased to your tolerance. 
The sensation should be comfortable, 
and the intensity will be increased either 
until you request that it be stopped or 
when a predetermined level is reached." 
The last statement was made to account 
for the lack of sensation from the pla
cebo. During the treatments in which 
actual stimulation was given, all subjects 
experienced muscle contraction as well 
as electrical sensation. After the 25-min
ute treatment session, each subject again 
relaxed supine for 25 minutes. 

One investigator applied the TENS 
device, and a second investigator, who 

was blind to the type of treatment being 
given, recorded three skin temperature 
scores: 1) after the 25-minute pretreat-
ment period (baseline score), 2) after the 
25-minute treatment session, and 3) 
after the 25-minute posttreatment pe
riod. 

We calculated changes in skin tem
perature by determining the differences 
between the baseline temperature and 
1) the temperature obtained immedi
ately after the treatment (immediate ef
fects) and 2) the temperature recorded 
at the end of the 25-minute posttreat
ment period (short-term effects). These 
calculations were performed separately 
for each extremity for each of the four 
treatments and were the scores used for 
data analysis. 

Data Analysis 
Data were analyzed using a two-by-

four repeated measures analysis of vari
ance (ANOVA). Ipsilateral and contra
lateral scores were analyzed separately. 
Newman-Keuls and simple effects tests 
were performed post hoc. 

A two-way factorial design with re
peated measures on both time and treat
ment was used because of the power of 
the analysis with a small number of 
subjects. We then had to assign treat
ments using a Latin square to control 
for sequence effects and carry-over ef
fects. 

RESULTS 

The average temperature changes for 
all treatments are summarized in Table 
1. Tables 2 and 3 contain the ANOVA 
summaries. 

The main effects of treatment and 
time on temperature change were signif
icant, and the interaction between the 
two for the ipsilateral side was signifi
cant (p < .025) (Tab. 2 and Fig. 3). 

The simple effects of treatment at 
each time and the simple effects of time 
at each treatment were examined. Treat
ment had a significant effect in decreas
ing temperature at the immediate post-
treatment time (p < .01), but the effect 
was not significant at the 25-minute 
posttreatment time. The change in tem-

TABLE 2 
Analysis of Variance, Ipsilateral Extremity 

Source 
Main Effects 

1. Treatment 
Error 

2. Time 
Error 

3. Treatment × 
time 

Error 
Simple Effects 

1. Treatment at 
immediate 
time 

2. Treatment at 
short-term 
time 

3. Time at high 
frequency 

4. Time at low 
frequency 

5. Time at burst 
frequency 

6. Time at pla
cebo 

SS 

78.60 
219.60 
45.79 
63.11 

19.35 
52.00 

75.87 

13.83 

50.55 

92.35 

36.10 

.41 

df 

3 
33 

1 
11 

3 
33 

3,48 

3,48 

1,30 

1,30 

1,30 

1,30 

MS 

26.19 
6.65 

45.79 
5.74 

6.45 
1.58 

25.29 

4.61 

50.55 

92.35 

36.10 

.41 

F 

3.94 

7.98 

4.09 

6.14 

1.12 

19.29 

35.25 

13.78 

1 

P 

<025 

<.025 

<.025 

<.01 

NS 

<.01 

<.01 

<.01 

NS 
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perature at the immediate posttreat-
ment time was significantly different 
from the change in temperature at the 
25-minute posttreatment time for the 
three nonplacebo treatments (p < .01). 

Because the treatment effects were sig
nificant at the immediate posttreatment 
time on the ipsilateral extremity, a New-
man-Keuls test was performed. The 
three nonplacebo treatments each dif
fered significantly from the placebo 
treatment in their effects on skin tem
perature (p < .05), but they did not 
differ from one another. 

The ANOVA for the contralateral 
side showed an effect of treatment only 
(p < .025) (Tab. 3). No significant in
teraction between time and treatment 
was observed. Because of this main ef
fect and because Figure 4 suggests that 
a single treatment (low frequency) might 
account for the effect, we performed 
Newman-Keuls tests. At the immediate 
posttreatment time, we found no signif
icant difference between any of the treat
ments. At the 25-minute posttreatment 
time, the low frequency treatment dif
fered significantly from the placebo 
treatment and burst frequency TENS (p 
< .05) but not from the high frequency. 

DISCUSSION 

This study represents the first time, to 
our knowledge, that an attempt has been 
made to determine objectively and com
pare the effects of the various forms of 
TENS on sympathetic activity. 

The interrelationship that exists be
tween pain-fiber activity and sympa
thetic activity can lead logically to the 
assumption that TENS, in addition to 
decreasing sensitivity to pain, will de
crease sympathetic activity. The studies 
by Abrams et al12 and Kaada15 support 
this assumption. Indeed, most clinicians 
using TENS whom we consulted be
lieved TENS applied to the extremities 
would result in an increase in skin tern-

Fig. 3. Average differences from baseline in skin temperature over time on the ipsilateral 
extremity. 

perature indicative of vasodilation and 
decreased sympathetic activity. 

The results of this study contradicted 
this assumption. The results revealed 
that, regardless of the form used, TENS 
treatment resulted in an increase in sym
pathetic activity evidenced by a fall in 
fingertip skin temperature. The skin 
temperature changes were temporary 
and returned toward baseline values 25 
minutes after treatment completion. 
The changes were most marked on the 
ipsilateral extremity, although changes 
on the contralateral extremity followed 
similar trends. These findings indicate a 
local rather than generalized sympa
thetic effect of TENS. 

Unfortunately, our results failed to 
give substantial information that could 
aid in selecting TENS characteristics. 
No significant differences were demon
strated among the three forms of TENS 
in their effect on sympathetic activity, 
with the exception of low frequency 
TENS and burst frequency TENS on 

the contralateral extremity 25 minutes 
after treatment completion (p < .05). 
We could not determine a reason for 
this occurrence. The evidence suggests 
that differences in pain relief obtained 
from each of the three forms of TENS 
were not related to changes in sympa
thetic activity and that one form of 
TENS was not a better choice than an
other if the patient had vascular prob
lems. 

We offer two possible explanations for 
the increase in sympathetic activity that 
occurred in this study: 1) sympathetic 
vasoconstrictor nerve fibers may have 
been directly stimulated by TENS or 2) 
vasoconstriction of superficial blood 
vessels may have occurred in response 
to an increased demand for blood by 
the muscles contracting from the TENS 
stimulation. Abrams et al,12 Ebersold et 
al,13 and Kaada15 have reported results 
that conflict with our findings. These 
differences may be attributed to their 
use of subjects with various pain syn
dromes, abnormally low skin tempera
tures, sympathectomies, and other neu
rological deficits. Placement of elec
trodes and placement of skin thermis
tors also differed from our study. 

Our results may have important clin
ical implications. Although more re
search is needed to justify generalization 
beyond healthy, young, female subjects, 
this study should alert clinicians that a 
potential for a decrease in skin temper
ature exists with use of TENS at certain 
extremity sites. Indeed, several subjects 

TABLE 3 
Analysis of Variance, Contralateral Extremity 

Source 
Main Effects 

1. Treatment 
Error 

2. Time 
Error 

3. Treatment x time 
Error 

SS 

52.23 
134.71 

7.94 
28.92 

5.64 
43.48 

df 

3 
33 

1 
11 
3 

33 

MS 

17.41 
4.08 
7.94 
2.63 
1.88 
1.32 

F 

4.26 

3.02 

1.43 

P 

<.025 

NS 

NS 
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Fig. 4. Average differences from baseline in skin temperature over time on the contralateral 
extremity. 

experienced decreases of 6° to 9°C 
(10.8°-16.2°F). Such large decreases in 
skin temperature emphasize the need to 
monitor skin temperature changes when 
assessing patients for TENS, especially 
patients with existing vascular disturb
ances. 

More research is needed to document 
the sympathetic effects of TENS in clin
ical use to relieve acute and chronic pain 
syndromes. In this study, with subjects 
relaxed and not in pain, electrical stim
ulation was the only major factor affect
ing changes in sympathetic tone. This 
may not be the case in individuals for 
whom TENS is being used for pain con
trol. Relief of pain may result in relax
ation and, in turn, relaxation will result 
in decreased sympathetic tone. The 
combined effect of electrical stimulation 
and relaxation on sympathetic activity 
remains to be determined and will ap
parently be different according to stim
ulation sites used, pathological processes 
involved, psychological characteristics 
of the patient, and the amount of pain 
relief achieved during treatment. The 
effects of these variables should be in
vestigated in controlled clinical studies. 

CONCLUSION 

In healthy subjects, the use of either 
high, low, or burst frequency TENS to 
one upper extremity was associated with 
increased sympathetic vasomotor tone, 
which was more pronounced on the ip-
silateral than on the contralateral ex
tremity. This increase in tone did not, 
however, substantially outlast the treat
ment. The effects of these three nonpla-
cebo treatments were not different from 
each other. The results gave no clear 
basis for selection of TENS characteris
tics. 

Until further clinically-based research 
is done, the results of this study suggest 
that clinicians who use TENS should 
monitor its effects on skin temperature, 
especially in patients with vascular im
pairments. 
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