
residual volume.2 Similarly, other stud
ies have indicated that the relationship 
between vital capacity and actual resid
ual volume is relatively low.3,4 Wilmore 
states that it appears satisfactory to use 
estimates of residual volume for the pur
pose of determining lean body weight 
for classification.2 However, if the den
sity, percent fat, and lean body weight 
values are being used for research pur
poses where absolute accuracy is essen
tial, it is necessary to measure directly 
the residual volume. 

As mentioned in the paper, future 
studies could be done using total lung 
capacity (TLC) instead of RV.5 How
ever, because this has not yet been es
tablished as a common procedure for 
the Standard tank at the University of 
Kentucky, we chose the more standard 
formula using RV. 

Again, caution needs to be used with 
any type of body density determina
tions. Potential errors in underwater 
weighting are both biological and meth
odological. 

DUANE WILLIAMS 
Physical Therapy Rehabilitation 

Services 
125 W McKinney Ave 
Rogersville, TN 37857 
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Use or Misuse of TENS with 
Acupuncture 

To the Editor: 

The article "Changes in Sympathetic 
Tone Associated with Different Forms 
of TENS. . . " by Wong and Jette in the 
April issue of PHYSICAL THERAPY has 
come to my attention. I do not subscribe 
to your journal, but our chief physical 
therapist thought that I might review 
this article. 

My background is that of a certified 
medical specialist with a recently ac
quired certification in clinical acupunc
ture. My goals in the medical field are 
to practice a good brand of specialty 
medicine and to help all health profes
sionals receive an intelligent grasp of 
physical therapeutic modalities, includ
ing a positive appreciation of acupunc
ture or meridian therapy as it may be 
used in our Western medical setting. 

I would like to point out that the 
Wong/Jette article does little to promote 
the efficacy of TENS combined with 
principles of acupuncture. If the authors 
have had any training in acupuncture, 

it is not apparent in the article. Under 
"Procedures" the authors have stated 
that their selected points were chosen 
from Mann's Atlas (which is simply an 
atlas) and Castel's Manual. The follow
ing discussion explains why the choice 
of acupoints was improper and not in 
keeping with the practice of good clini
cal acupuncture. Pericardium 6 (Nei 
kuan) is a master point for the chest and 
is the luo point for the pericardium me
ridian, but bears no relationship to con
trol of pain in the upper extremity. It 
also bears no relationship to Large In
testine (LI) 10 to which it was coupled 
by electrical means in the experiment. 
Large Intestine 10 is used specifically for 
tennis elbow, but only in conjunction 
with proper reinforcement from LI-4 
and LI-11 and in that order. Large In
testine 4 is the master point of the face 
and upper extremity and is, indeed, used 
in the relief of upper extremity pain. 
However, LI-4 bears no relationship to 
Heart (HT) 7 to which it was coupled 
electrically in this experiment. Heart 7 
is the sedation point of the heart merid
ian and is not commonly used for upper 
extremity pain. I am familiar with Car
tel's Manual and have found that much 
of its information on the meridians of 
acupuncture and on specific points is in 
error. 

In the treatment of acupoints by the 
use of TENS, one must be careful to 
apply the therapy directly over the point 
and not over a surrounding area of 17 
cm, the size of the electrodes used in 
this report. In addition, the authors did 
not state which electrodes were positive 
and which were negative or whether the 
current alternated between the elec
trodes. If one electrode were positive 
and the other one negative in the stated 
"hookups," the application of the 
TENS with respect to "negative and pos
itive" on the body was quite incorrect 
and not in keeping with the principles 
or laws of acupuncture electrostimula
tion. 

The study was carried out on 12 
women. Why was there not a divided 
study, using half male subjects and half 
female subjects? It is well-known that 
women tend to show more vasoconstric
tive phenomena than men. 

It is my belief that the results of this 
study, stated simply, show that the ap
plication of electrical energy with a po
tential difference across the radial and 
ulnar arterial areas causes vasoconstric
tion directly through myoneural stimu
lation and not through acupoints nor 
through acumeridian TENS therapy. 
Properly applied electrostimulation for 
purposes of acutherapy does not cause 
vasoconstriction; on the contrary, inte-
gumental vasodilatation is observed 
when therapy is properly carried out. In 
some instances, transient urticarial re
actions are commonly observed. 
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In no positive fashion does this bit of 
research help explain how the use of 
acupuncture principles can improve 
bioenergetics or balance corporeal en
ergy forces. 

I agree with the conclusion as written 
by Wong and Jette; it says all that needs 
to be said about this investigation. One 
word of caution to health professionals 
who use electrostimulation as a healing 
modality: Do not expect good results if 
you do not have a knowledgeable foun
dation in the basic principles of merid
ian therapy. 

H. C. KRUEGER, MD, FAAP, 
FIACA 

1023 Jackson Square 
Great Bend, KS 67530 

The Authors Respond: 

We thank Dr. Krueger for his detailed 
review of the article "Changes in Sym
pathetic Tone Associated with Different 
Forms of Transcutaneous Electrical 
Nerve Stimulation." He raised several 
questions regarding the accuracy of our 
methods, based on his knowledge of 
acupuncture principles. We recognize 
his concern and will happily clarify these 
issues. Some confusion, especially re
garding the theories on which our treat
ment methodology were based, seems to 
have arisen from the fact that treatment 
sites were identified by their acupunc
ture name. Our choice of treatment 
specifications was not based primarily 
on acupuncture principles and the pur
pose of our study was not to evaluate 
the relationship between acupuncture 
and TENS. Rather, our purpose was to 
determine whether TENS applied in a 
typical fashion would affect sympathetic 
tone. Indeed, the results clearly demon
strated that, compared with a placebo, 
significant changes in sympathetic tone 
did occur. Let us address the areas of 
confusion. 

First we will discuss choice of treat
ment sites. For simplicity and ease of 
standardization, we reported our treat
ment sites in terms of their acupuncture 
location. Acupuncture principles were 
not the sole determination of their 
choice, however. In accordance with ac
cepted electrotherapy principles, we 
took several factors into consideration, 
including the relationship of these sites 
to peripheral nerves, trigger points, and 
common areas of referred pain, as well 
as which sites were commonly used acu
puncture points.1 Melzack has reported 
good pain relief when treatment sites 
were chosen from a combination of var
iables including trigger, acupuncture, 
and referred pain locations.2 

In choosing our treatment sites we 
considered the following: 

1. Pericardium 6 lies over the median 
nerve and is stated by Chu3, as well 
as by Castel, to be effective when 
treating upper extremity pain. 

2. Heart 7 lies over the ulnar nerve. In 
acupuncture literature, it is used for 
its sedative capabilities. The fact that 
certain pain syndromes, such as re
flex sympathetic dystrophy and Ray

naud's phenomenon, demonstrate a 
relationship between decreased sym
pathetic tone and decreased pain led 
us to examine the sympathetic effects 
of TENS. An acupoint purported to 
cause relaxation was considered a 
reasonable choice. 

3. Large Intestine 4 is the trigger point 
of the first dorsal interossi muscle 
and of a major area of referred arm 
and hand pain.4 In acupuncture lit
erature, it is a major analgesic point. 
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4. Large Intestine 10 is the trigger point 
of the brachioradialis muscle and of 
a major area of referred arm pain. 
Acupuncture literature identifies it as 
an important analgesic point of the 
upper extremity. 

For the above reasons, we believe that 
the points chosen are representative of 
points that might be used in TENS ther
apy when pain in the arm and/or hand 
exists. 

The second area of question regards 
the polarity effects of the current and 
the electrode size, especially as they re
late to acupuncture principles. A bi-
phasic, zero-net direct current was used. 
This type of current produces minimal, 
if any, polarity effects. The 17-cm elec
trode we used is a common size for 
TENS equipment and was the standard 
electrode supplied by the manufacturer. 
Our desire to mimic "typical" TENS 
usage led us to use this standard size. 

Third, the single-gender subject sam
ple was questioned. From the outset, we 
recognized that the sympathetic changes 
we observed in healthy subjects might 
be less pronounced than those if an un
derlying pathology exists. We believed, 
therefore, that it was essential to main
tain as much homogeneity in the sample 
as possible in order to increase the valid
ity of our results. Thus we decided to 
include only one gender, even knowing 

this would restrict our ability to gener
alize. Women were chosen for the prac
tical reason that student volunteers 
served as subjects and we were based in 
a women's college. We acknowledge Dr. 
Krueger's comment that "females tend 
toward more vasoconstrictive phenom
ena than men." It appears to be, in his 
mind, a weakness in the study. We do 
not agree. If, indeed, females tend to
ward more vasoconstriction than do 
men, the importance of using women to 
evaluate the possible sympathetic effects 
of physical therapeutic agents would be 
enhanced, not diminished. 

Lastly, Dr. Krueger states that the 
vasoconstriction could have occurred 
through "myoneural stimulation di
rectly." We agree. One of the explana
tions suggested in our article was that 
"sympathetic vasoconstrictor nerve fi
bers may have been directly stimulated 
by TENS." Our study does not purport 
to determine the cause of this increased 
sympathetic tone, only to report the fact 
that it did occur. 

In conclusion, we agree with Dr. 
Krueger that this study did not explain 
how "acupuncture points can improve 
bioenergetics or balance corporeal en
ergy forces." This was not the stated or 
implied purpose of this study. We hope 
the explanation of site selection and 
electrical principles clarifies any poten
tial confusion. 

As stated in our article, further work 
is needed to identify optimum sites of 
electrode placement and optimum elec
trical considerations to obtain the treat
ment effects desired. We hope our find
ings will spur others to evaluate system
atically the skin temperature changes of 
their patients when they use TENS ther
apy. Only if practitioners evaluate 
changes and carefully report their find
ings can these questions be answered 
adequately. 

RITA WONG 
Assistant Professor 

University of Connecticut 
U101 

Storrs, CT 06268 

DIANE U. JETTE 
Assistant Professor 

Simmons College 
300 The Fenway 

Boston, MA 02115 
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