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The purpose of this study was to measure the effects of transcutaneous electri
cal nerve stimulation on patients who had undergone thoracotomies, using the 
objective physiological measurement of forced vital capacity. Twenty-one pa
tients were randomly assigned to an experimental group (n = 11) or a control 
group (n = 10). Each group performed three trials of forced vital capacity testing 
over a 20-minute period. In addition, the experimental group was given a 10-
minute treatment of transcutaneous electrical nerve stimulation at the sites of 
greatest pain. The data indicated a statistically significant increase in forced 
vital capacity during the stimulation (p < .01), suggesting that transcutaneous 
electrical nerve stimulation during application improves chest expansion and 
mobility in patients who have had thoracotomies. 
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The goal of many treatment programs is to reduce 
pain and thus increase functional ability. Recently, 
success has been reported with the use of transcuta
neous electrical nerve stimulation (TENS) for the 
suppression of postoperative pain.1"7 The theory be
hind the technique of TENS is the gate-control theory 
of pain as postulated by Melzack and Wall.8"10 The 
basic neuroanatomical concepts of the theory are 
presented elsewhere in this issue.11 

After thoracic surgery, pain can decrease chest 
mobilization and limit a patient's ability to perform 
important coughing, breathing, and range-of-motion 
exercises. Two studies have been published reporting 
the use of TENS to reduce pain following thoracot
omy.1-3 Hymes and co-workers compared incidence 
of atelectasis, days in the intensive care unit, and 
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length of hospital stay for patients receiving TENS to 
patients who had undergone similar surgical proce
dures during the previous two-and-one-half years.1, 2 

Fifty percent of the control group developed atelec
tasis, compared to 13 percent of the experimental 
group. The experimental group had an average stay 
in the intensive care unit of 3.0 days, compared to 4.2 
days for the control group. Vanderark and McGrath 
applied TENS to six patients who had had thora
cotomies.3 Patients were asked to rate their subjective 
relief of pain. Two patients reported complete relief 
of pain, one patient reported some relief, one patient 
minimal relief, and two patients reported no relief. 

The purpose of this study was to quantify by 
physiological measurements the effects of TENS on 
patients who have had thoracotomies. In the present 
study, forced vital capacity (FVC) was measured at 
certain intervals during TENS application. 

METHOD 

Subjects 

Twenty-one patients who had had thoracotomies 
and were being treated at Brooke Army Medical 
Center and Wilford Hall Medical Center in San 
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TABLE 
Statistical Analysis of Data 

Analysis 

Analysis of variance 
Trials 1-3; 
Experimental and Control 

Tests 
Trials 1a and 2b 

Experimental 
Control 

Trials 1 and 3c 

Experimental 
Control 

Trial 1 and fifth day after surgery 
Experimental 
Control 

Statistics 

F = 6.753d 

t = 4.316d 

t = 0.623e 

t = 1.629e 

t = 1.241e 

t = 3.979e 

t = 4.636e 

Level of Confidence 

p = .01 

p = .01 
p = .01 

p =.01 
p =.01 

p = .01 
p = .01 

a Immediately before TENS unit was turned on. 
b During the 10th minute of TENS application. 
c Ten minutes after completion of TENS. 
d Significant at the 1% level of confidence. 
" Not significant at the 1% level of confidence. 

Antonio, Texas, were randomly assigned to the ex
perimental (n = 11) or control (n = 10) group. The 
patients ranged in age from 15 to 71 years (mean = 
37.5 years). A thoracotomy was defined as any inci
sion into the chest wall; patients who had had cardiac 
surgery were excluded. 

Equipment 

Two models of transcutaneous electrical nerve 
stimulators were used—the Miniceptor II* and Sta-
odyne II.† Each model offered dual channels but only 
the two-electrode placement at sites of greatest pain 
was used with deep breathing. The intensity and rate 
of the current was controlled by the patient, who 
always kept the stimulation below a level causing 
muscular contraction. A hand spirometer was used to 
measure FVC. 

Procedure 

Each patient in the study was seen before surgery. 
At this time, he received an explanation of the intent 
and scope of the study, as well as a practice trial of 
TENS and of the spirometer. This was done to reduce 
the patient's fears about electricity and to allow him 
to adapt to the TENS. Patients were not informed of 
the potential effects of TENS, that is, reduction of 
pain. Throughout the study, the FVC was recorded 
as an average of three consecutive trials, with one-
minute rest intervals. FVC was defined as the volume 

* Medgeneral, Inc, 10800 Lyndale Ave South, Minneapolis, MN 
55420. 

† Staodynamics, Inc, 601 S Bowen, Longmont, CO 80501. 

of air measured from the largest forced expiration 
after the largest possible inspiration. During the FVC 
testing, the patient was supine, with the trunk elevated 
45 degrees. 

The patient was next seen two days after surgery. 
Three trials of FVC were taken for both groups. In 
the experimental group, these readings were taken 1) 
immediately before TENS, 2) during the 10th minute 
of TENS, and 3) 10 minutes after completion of the 
TENS application. 

In the control group, the three trials of FVC were 
performed at 10-minute intervals. The patients rested 
between the FVC trials. These trials of FVC for both 
groups were used in the statistical analysis. 

For only six patients in the experimental group and 
seven patients in the control group, FVC was also 
recorded five days after surgery, in order to measure 
the long-term effect of TENS application. 

RESULTS 

Statistical analysis of the data is presented in the 
Table. An analysis of variance showed a significant 
F value within the six samples at better than a 1 
percent level of confidence. The t tests between trials 
as indicated in the Table showed no significant dif
ference between the sample means at the 1 percent 
level of confidence, except Trials 1 and 2 of the 
experimental group. 

DISCUSSION 

The study was designed to determine if TENS 
application would improve a patient's FVC. The data 
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indicated that FVC did improve significantly with 
TENS application and that, without TENS, FVC did 
not significantly increase over the same 10-minute 
interval. A possible explanation for the lack of carry
over after the TENS unit was turned off is that the 
period of stimulation may not have been long enough 
to reach the full effectiveness of the gating mecha
nism. The placement of electrodes may also be a 
determinant of the differences in FVC following 
TENS. 

Several studies have reported the use of TENS for 
postoperative pain conditions; however, many con
clusions were drawn from the patient's subjective 
reports of relief of pain.1"7 To avoid the use of sub
jective reports, pain relief was not measured in our 
study. 

This study showed that the use of TENS did allow 
an increase in the patients' FVC while the stimulator 
was functioning. The clinical implication is that, by 

increasing FVC and chest expansion following tho
racic surgery, the likelihood of splinting and postop
erative complications related to decreased air intake 
will be reduced or eliminated. 

Further studies are indicated, involving longer pe
riods of TENS application and measurements of other 
objective findings such as shoulder range of motion 
or chest expansion. 

CONCLUSIONS 

TENS appears to be an effective method of aiding 
a patient to breathe more effectively after thoracic 
surgery. This study objectively shows the potential 
for TENS application as an effective, conservative 
method for increasing FVC and for enhancing chest 
expansion, deep breathing, coughing, and upper-limb 
mobility. 
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