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Di e t  studies ( i, 2) have shown that the calcium content of 
I the American diet is very frequently less than the amount

needed to provide adequately for bodily requirements 
for this essential food element. Although it is particularly desirable 

that calcium deficiency in the body should be discovered in its 
early or mild state before signs of gross change have become mani
fest, no reliable, feasible, and routine method of detection has been 
demonstrated. Sherman (3) has epitomized the problem in these 
words: “Growing children whose height, weight, and appearance 
are normal may have a calcium-poor condition of body which even 
the best physical examination cannot reveal, but which is revealed 
by the chemical evidence of the calcium balance experiment . . .” 
Such a procedure is not, however, well adapted to the routine exam
ination of large population groups.

Fully developed clinical manifestations of calcium deficiency or 
disturbance appear in the nerves, blood, and bone. There has also 
been a definite trend toward the detection of slight changes in these 
tissues characteristic of deficiency. Appropriate methods for this 
purpose have been used diagnostically in clinical practice, but no 
thorough test has been made of their applicability in surveys of 
the nutritional status of the population.

Following its development by Erb (4), clinical medicine adopted
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the method of detecting hyperirritability of the nerves by observa
tion of the neuromuscular response to galvanic stimuli. Erb de
scribed the application of the method to adults; Escherich (5) intro
duced and Thiemich (6) and Mann (7) perfected its use 'with 
children. Soon it became limited in its application almost entirely 
to the diagnosis of tetany in infants. Long before the cause of tetany 
was known, Erb differentiated the fully developed condition, with 
its easily perceptible clinical signs, from the state which was de
monstrable only by neuromuscular response elicited by very mild 
electrical or mechanical stimuli. The latter state he characterized 
as latent.

In studying the effects of ions on nerve-muscle preparations, 
Loeb (8,9) showed that calcium decreased the irritability of these 
tissues, and that inadequacy of calcium increased their sensitivity. 
Studying these effects on nerves, Mathews (10) later substantiated 
Loeb’s findings. After MacCallum and Voegtlin ( i i )  had demon
strated that the tetany resulting from parathyroidectomy was at
tributable to lowered calcium concentration in the blood, Howland 
and Marriott (12) showed that infantile tetany and spasmophilia 
were characterized by a similar mechanism. Later Hess and his 
coworkers (13) induced tetany in rats merely by a swift change 
from a rickets-producing diet, high in calcium and low in phos
phorus, to a diet of normal Ca:P ratio. The tetany was accompanied 
by a decline in serum calcium which was, however, maintained for 
only a few days. Recently Greenberg, et al. (14) have shown that 
reduction of the serum calcium, if produced slowly on a dietary 
basis, is insufficient to cause tetany in the rat.

Meanwhile, the critical levels of neuromuscular reactions in the 
galvanic test had been shown to vary with age. Furthermore, irregu
lar and uninterpretable results at puberty sharply limited the appli
cation of the test. Confidence in its reliability was greatly shaken. 
With the development of the method for determining calcium con
centration in the blood and the demonstration of hypocalcemia as
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the primary disturbance in infantile tetany, the electrical techniques 
were largely superseded by the chemical method.

It soon became clear that calcium metabolism is affected by many 
factors operating through numerous and complex mechanisms. It 
was found that tetany resulted from alkalosis of various origins 
(hyperventilation, persistent vomiting, and ingestion of excessive 
alkalies) and that it might not be accompanied by any disturbance 
in the total calcium level of the blood (15, 16). Although some 
investigators maintained that alkalosis produced tetany directly, 
others asserted that it operated by disturbing the total calcium- 
ionized calcium equilibrium with lowering of the ionic calcium 
concentration. By the latter school, it was believed that tetany 
would appear with a normal concentration of total calcium in the 
blood when the ionic calcium concentration was lowered, and that 
diminished concentration of ionic calcium was an important cause 
of tetany. Studies on the concentration of diffusible calcium in 
tetany tended to confirm this hypothesis. But it remained a ques
tion whether diffusible calcium represented ionic calcium. Attempts 
to determine the concentration of ionic calcium were indirect until 
1932, when McLean and Hastings ( 17 ,18 )  introduced a biological 
method through which they showed that the concentration of ionic 
calcium is indeed diminished in tetany.

Unfortunately, there is no easy method for determining ionic- 
calcium concentration directly in routine surveys. The concentra
tion of ionic calcium already had been shown to be influenced by 
the concentration of HCO3, PO rT  and HPOi”  ions when McLean 
and Hastings (18) found that it was to a much greater extent con
trolled by the concentration of protein in the serum (19). They 
have prepared a nomogram on which values for the concentrations 
of total calcium and total protein yield values for the concentration 
of ionic calcium (20).

Since calcium is likewise an important constituent of bone, dis
turbances in calcium economy are reflected in the osseous system.
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Depending on circumstances, the result is rickets, osteomalacia, or 
osteoporosis. One form of rickets, the least common, is character
ized by a high or normal concentration of phosphorus and a low 
concentration of calcium in the blood. Characteristic gross and 
histologic changes occur in the bone. Osteomalacia is regarded as 
adult rickets. In generalized osteoporosis, there is rarefaction or 
deficient calcification of the osseous tissue. Attempts have been 
made to determine calcium deficiency in the skeleton by a study of 
bone density from roentgenograms (21, 22).

When the Medical Evaluation of Nutrition Study was planned 
by the cooperating agencies, the lack of a simple yet sensitive test 
for calcium nutrition received considerable attention. It was decided 
to include irritability to galvanic current among the test procedures 
in order to evaluate it as a guide to the calcium nutrition of groups 
of subjects. Certain difficulties were recognized. Determinations of 
ionic calcium were not to be made, and the absence of any real rela
tionship between total serum calcium and the galvanic response 
would not preclude the possibility that the galvanic reaction did 
depend upon the concentration of ionic calcium. Also, any rela
tionship between total serum calcium and galvanic irritability 
might well hold only within a restricted region of calcium values, 
e.g., those indicative of marked deficiency. Above some critical 
value they might be entirely unrelated. Furthermore, evidence that 
neuromuscular irritability was independent of serum calcium 
would not necessarily disprove its value as an index to calcium 
nutrition, for the intricate mechanism serving to stabilize the cal
cium content of body fluids is such that decalcification of the skele
ton may occur without change in the level of serum calcium (16).

It seemed clear that a rigorous experiment, devised to evaluate 
the galvanic test as a means of detecting mild calcium deficiency, 
would not be feasible in a survey of school children. Although the 
Study plan could not provide for such an experiment, it was felt 
that any truly useful bond between calcium nutrition and neuro-
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muscular irritability should be evident in an extensive survey 
among adolescents diverging widely with respect to the adequacy 
of their calcium nutrition.

A  problem of major importance arises from the lack of any valid 
information on the basis of which subjects might be arrayed accord
ing to their calcium nutrition. At best, the available data have only 
partial or presumptive value as indicators of calcium nutrition; 
none provides an accurate measure, and each may reflect a differ
ent aspect of calcium nutrition. The Study observations include a 
careful two-day diet history obtained in an interview with the sub
ject, a calcium determination [following Clark and Collip’s modi
fication (23) of the Tisdall method] on the blood serum, and 
roentgenograms of hand and wrist, elbow, and hip. The diet data 
were processed by means of standard tables to yield a daily average 
calcium intake in grams. Information of this type is necessarily 
approximate and ignores the variation among foods with respect 
to the availability of the calcium to the organism. However, since 
foods of high calcium content, especially milk, tend to be consumed 
either habitually or httle at all, the diet histories should suffice to 
classify the subjects into broad groups of differential calcium intake. 
The serum calcium of a given healthy individual does not usually 
fluctuate greatly over short periods of time, and the method which 
was followed may be relied upon to provide accurate determina
tions. However, the total serum calcium is of only doubtful value 
as an index to calcium nutrition.

The roentgenograms in the Study have been utilized to classify 
pupils for skeletal age and do not afford data on bone density which 
has been suggested as a useful criterion of calcium nutrition. The 
relation between calcium nutrition and skeletal development and 
maturation is not established, but it seems probable that a deficiency 
of calcium does affect skeletal growth. Therefore, the skeletal age, 
estimated according to Todd’s method (21) and taken in relation 
to chronological age, is used Jis indirect, but by no means sure.
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evidence on calcium nutrition. However, skeletal development de
pends upon so many environmental and physiological factors other 
than calcium nutrition that any connection between them may be 
obscured in a particular case. Certainly an adequate supply of 
calcium is but one factor in growth and development and does not 
itself control the growth process. Retarded skeletal development 
may not indicate deficient calcium nutrition, therefore, unless the 
meaning of the latter be extended to the entire metabolic process. 
On the other hand, the relationship should be strong enough to be 
perceptible in a statistical analysis of a large number of persons of 
different diet and mode of life.

Procedure and A pparatus

For the present Study an apparatus (Figure i)  was constructed 
to provide both “make” (closing) and “break” (opening) galvanic 
shocks of graduated intensity. The circuit was designed to avoid 
the usual difficulty of unpleasant or painful closing contractions 
before obtaining effective opening contractions. This is accom
plished with the break-shock circuit by a presetting at a certain 
level of intensity which operates to cut off the rapidly rising current 
at the present level. The apparatus provides shocks up to 5 milham- 
peres in intensity, the readings being to the nearest ma. The dis
charge of a condenser is utilized to facilitate the location of motor 
points. Both anode and cathode may be employed as stimulating 
electrodes.

Since neuromuscular irritability is presumably fairly constant 
throughout the neuromuscular system of a particular subject at 
any one time, the choice of the nerve for stimulation is largely a 
matter of convenience. In the present Study the ulnar nerve was 
chosen. Three different levels of contraction were established:

( 1)  the first visible muscular twitch;
(2) a visible twitch of a finger; and
(3) a visible twitch of the entire hand.
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Fig I. Panel of galvanic apparatus.
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Fig. 2. Subject with electrodes adjusted.



I

Each subject was tested for both arms, and about twelve different 
readings were made on each arm.

The instrument was operated by two technicians, one handling 
the control panel and another taking care of the subject and observ
ing his response to stimulation. The instructions for preparing the 
subject follow:

The subject is seated on a high stool facing the instrument. The upper 
outer aspect of his right arm is briskly scrubbed with a cotton sponge 
soaked in alcohol. The same area is briskly rubbed with electrode jelly.

A  small amount of jelly is now rubbed over the arm, and the indif
ferent (plate) electrode is fastened snugly by means of the elastic strap. 
The same procedure of rubbing with alcohol and electrode jelly is fol
lowed for the area of the ulnar supracondylar notch of the elbow.

The leather sling which hangs from an adjustable standard is now 
brought into position so that the forearm may be placed in it, and the 
height of the standard adjusted so that the forearm is horizontal and 
swings relaxed across the front of the body. (See Figure 2.)

The stimulating (round-headed) electrode is now firmly applied to 
the bony notch felt in the ulnar region of the elbow and held by hand 
during the preliminary part of the test.

The motor point is then located by means of the condenser dis
charge, and the voltage required for the threshold response is re
corded. With the cathode as the stimulating electrode, and the 
stimulus applied by closing the circuit, the least amount of current 
required to provoke each type of contraction is then determined. 
Similar values are then obtained by reversing polarity to make the 
anode the stimulating electrode. The shock is then applied by 
opening the circuit, first with the anode as the source of stimula
tion, and then the cathode. Having completed the tests on the right 
arm, the technicians prepare the left arm and proceed as before.

The observer was specially instructed in the technique of detect
ing the three levels of response. Although an effort was made to 
utilize a single pair of technicians as long as possible, personnel 
turnover on the Study was such that the final bulk of observations
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reflects the work of many different pairs. This fact may explain 
some of the temporal variability in results discussed below.

The test was administered in many ways in the thought that its 
most suitable form could be readily selected if it proved useful in 
the detection of mild states of calcium deficiency. In addition to 
this multiplicity of form, the technique differs from previous work 
in two other respects. The more important of these is the use of 
three thresholds of response in place of the more common reliance 
upon the first perceptible muscular twitch. The other concerns the 
selection of the nerve to be stimulated. Most previous work has 
utilized either the peroneal or the median nerve.

E xtraneous Sources of V ariation in the G alvanic Response

The Subjects. The subjects examined during the course of the 
Study were pupils of the Fieldston Ethical Culture School and of 
the Seward Park High School, a private and a public high school 
drawing from very different income levels. Unless otherwise stated 
in connection with a particular point, this report is confined to 
subjects whose cultural background is Jewish. The galvanic tests 
were begun at Seward Park High School about April i, 1939, and 
continued until the end of June. They were resumed about Novem
ber I and completed during the middle of March, 1940. All the 
Fieldston pupils were tested between March i  and April 15,1940. 
Since the physical examination, blood tests, and other studies of 
any given pupil were all administered within a short period of time, 
the date of the galvanic test may be accepted as the date when any 
other information was obtained.

A ge and Sex. In order to sharpen the comparison of the galvanic 
response with the various factors which may have a bearing upon 
calcium nutrition, the galvanic readings were explored for im
portant sources of variation which might be controlled. Two which 
may be of general interest are age and sex. Significant age-trends 
have been recognized since Holmes’ 1916 report (24) giving aver
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Fig. 3. Age variation in amount of galvanic 
current required to provoke anodal closing and 
cathodal closing contractions, comparison of 
Holmes’ and Study data.

Ca th o o a i. C lo sin g
CONTRACTfON

age values from birth to 
age 13. His age curves 
are drawn in Figure 3 
together with the Study 
curves differentiated as 
to sex and variety of 
galvanic test. Holmes’ 
curves explain why the 
age-trends in the Study 
data should be statis
tically insignificant. In 
parallel tests the agreement between his values and those report
ed here is reasonably close. The average level in Figure 3 for 
cathodal closing contrac
tion (least perceptible 
twitch) lies between the 
averages of Stinzing 
(25) for n. ulnaris I  and 
n. ulnaris II  in adults of
both sexes.

Consistent sex differ
entials stand out in Fig
ures 3 and 4 and in all 
other varieties of the test 
as administered in the 
Study, although the lit
erature on the electrical 
diagnosis of tetany 
makes no point of sex 
differences. The margin 
is small enough to be overlooked in anything but a fairly large series 
of observations. No explanation of the finding is ventured here. 
Table I compares boys and girls of each school with respect to the
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Ma .
G a l v a n ic

C u r r e n t

T o t al

0-0.4
0.5-0.9
1.0 - 1.4 
1.5-1.9
1 .0 -  1.4  
L.5-X.9
3.0- 3.4
3 - 5- 3*9
4.0- 4.4
4 - 5“ 4-9
5.0 or More

Number of Cases

F ie ld st o n

Boys

100.0

•5

.6
•5

1-7
4-5
8.4

83.8

179

Girls

.6
3.6

5*4
6.6 
4.8

19-7
59-3

167

S e w a r d  P a r k

Boys

100.0

.1

.1

.1  

•5 
•3 
.8 
.8 

1 . 1  
96.L

761

Girls

100.0

.1

•4

•7
1.1 
1-3
L.O
2..0

92-4

715

Table i. Distribution of subjects by amount of galvanic current required to pro
voke a cathodal opening contraction, by sex and school.

stimulus required to produce a cathodal opening contraction (least 
perceptible twitch). The excess of low values among the girls is 
readily apparent and very significant in the statistical sense.

Varieties of Galvanic Test. Different ways of administering the 
galvanic test yield somewhat different results, each variety having 
its characteristic level. No attempt has been made to select from 
among those administered a “best”  or most suitable test, since the 
analysis which follows reaches entirely negative conclusions. How
ever, their very multiplicity makes some selection imperative.

Parallel tests on right and left arms give the same results and may 
be regarded as interchangeable. The test based on the condenser 
discharge correlates poorly with other forms of the test. Since 
anodal opening contractions were seldom obtained with as little as 
5 ma. of current, this test fails to differentiate subjects sufficiently 
for statistical purposes. This is somewhat less true of the cathodal 
opening contractions and this variety of the galvanic test was re
tained for further work. Among the others, good correlation was 
obtained for the anodal-cathodal comparison on the basis of the



least perceptible twitch, for the twitch-hand comparison using the 
cathode as the stimulating electrode, and for the hand-finger com
parison on the basis of the cathode. Poor correlation was found 
for three twitch-finger comparisons, and for a twitch (anode)- 
hand (cathode) comparison. Probably good correlation would also 
obtain for the finger-hand comparison on the basis of the anode, 
but too many of the hand values were 5.0 or more. The forms 
finally chosen are:

Right arm, least twitch, cathodal opening stimulus 
Right arm, least twitch, cathodal closing stimulus 
Right arm, finger twitch, anodal closing stimulus 
Right arm, hand twitch, cathodal closing stimulus

Time. The galvanic readings display a marked variation with 
time which cannot be satisfactorily explained on the basis of the 
Study observations. In order to increase the rigor of the test of the 
hypothesis which forms the subject of this paper, however, this 
significant but extraneous variation should be controlled by sta
tistical means. For each of three galvanic tests. Figure 5 presents 
the mean values obtained for boys at different periods, and also the 
standard deviations for one of these. For the anodal closing con
traction, Table 2 presents the mean and standard deviation for each

Fig. 5. Temporal variation in amount of current required to provoke contrac
tions among boys.
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time period by sex and by school. The values for the girls display 
similar heterogeneity. Statistical comparisons leave little room for 
belief that the results of the several periods differ only by chance. 
The principal source of heterogeneity is the jump from the spring, 
1939, levels to the fall, 1939, levels. The middle period of fall and 
winter is one of fairly homogeneous values.
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Table 2. Number of subjects and mean and standard deviation of amount of anodal 
closing current required to provoke finger contraction, by school, sex, and date of 
test.

D a t e

OF

T est

B o ys G ir l s

Number
of

Cases
Mean
( M a .)

Standard
Deviation

( M a .)

Number
of

Cases
Mean
(M a .)

Standard
Deviation

(M a .)

SEWARD PARK

T o t a l I 621 2.92 .868 602 2 .3 2 .730

1 9 3 9

M ay 6 -10 83 2-9 7 .691 86 2.48 .684
M ay 2i-Ju n c  10 55 1.78 .642 56 I .5 I .508
June 1 1 - 3 0 60 2.42 .716 83 2.04 •5 9 1
N ov. 1 -3 0 65 3 .12 .902 83 2.64 .862
Dec. 1 - 3 1 103 3-33 •749 94 2 .5 1 .705

1940

Jan. 1 - 3 1 194 3.09 .789 2 5 9 1.3 8 .619
Feb. 1 - 1 9 61 2.89 .700 4 1 a. 3 1 .565

f i e l d s t o n

T o t a l ^ 179 2.30 .665 167 2 .10 .659

1940

Feb. 29-M ar. i i 2-9 2.48 • 7 1 3 78 2.30 .700
Mar. 1 2 - 1 5 54 2-34 .646 68 1-97 •597
Mar. 26-A p r. 8 96 2 .2 1 .658 2 1 1.78 .460

1 Standard deviations shown on total lines were obtained directly from s x  and for all 
cases, not from weighted means of the variances for different periods.



Variation of such magnitude could seriously interfere with the 
statistical investigation of the problem in hand, especially if the 
possible indicators of calcium nutrition also displayed temporal 
variation. That it might reflect the operation of truly seasonal fac
tors is suggested by the decline in the late spring. It might also 
represent such changes in technical skill as make up the learning 
curve for the technique, or differential skill among technicians, 
e.g., in placing the electrodes and in observing the contractions.
Errors in the placement of the electrode should produce high values. 
Similar reasoning applies to the observation of contractions, unless 
one assumes that the technician is as likely to report a nonexistent 
contraction as to fail to report one which actually occurs. When the 
technicians were learning, accordingly, high values would be ex
pected. However, statistical analysis of the observational data does 
not support this interpretation. Moreover, the two pairs of tech
nicians who made most of the early observations agree fairly well 
in their average values at the same periods. The available informa
tion is insuflEcient to determine whether the temporal variation has 
a physiological basis or whether it merely resulted from technical 
variation beyond control.^

The question of experimental error in the galvanic determina
tions has some bearing on the importance of technical variation 
during the learning process and also among different operators. 
Truly random errors, of course, would merely inflate the variances 
without disturbing the mean values. When parallel right and left 
readings were processed as independent duplicates, the resulting 
estimates of the error of measurement differed reliably among dif
ferent technicians, but gave no further clue to the temporal varia-
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®T h e pattern of seasonal variation shown by these data is consistent with one fre
quently observed for nutritional deficiencies, that is, poorer nutritional status in the late 
spring than in fall and winter. However, if the lower mean threshold for galvanic response 
in the spring derived from the nutritional status, one would expect a higher standard devia
tion for threshold values at this time, since presumably only some children would be 
affected. Contrary to this expectation, the standard deviation also decreased slightly, indi
cating a general shift to lower threshold values.



tion. On the assumption that the right and left values should 
correlate perfectly, and that the differences between them are ran
domly distributed about a mean of zero and are independent of 
the “ true” values, the error variance for the cathode closing variety 
of the galvanic test is as large as the true variance. Hence, the vari
ance of a set of measurements subject to this degree of error might 
be about twice what it should be. Although this estimate is neces
sarily approximate, error is certainly so large a part of any observed 
variability that no useful clinical purpose can be served by a single 
galvanic determination on a subject.

The large experimental error reduces the power of the observa
tional data to reveal any correlation which might exist between 
neuromuscular irritability and calcium nutrition. If both the gal
vanic reaction and a particular indicator of calcium nutrition 
involved an experimental error sufl&cient to double each of the true 
variances, the highest possible estimate of any true correlation co
efficient r would be r =  r/2. However, if a large number of observa
tions revealed no significant correlation at all ( /  =  o), it would be 
reasonable to assume that r is 0, Similarly, a significant coefficient 
of, say, r =  .3 might be regarded as a lower limit upon the probable 
value of r. Large as the experimental error undoubtedly is, there
fore, it by no means disqualifies the observations for the task in 
hand.

If any set of galvanic observations made within a short time- 
interval is subject to some constant bias, and if the bias varies among 
periods, precision is lost by combining data obtained at different 
times. Although the problem of temporal variation in the Study 
data cannot be entirely resolved, it is readily circumvented if atten
tion is confined to fairly short periods of time, when the galvanic 
observations tend to be fairly homogeneous. A  constant error per
vading all the readings of a period, it can be shown, would not 
affect the estimate of the correlation between the galvanic reading 
and another factor. In the main argument which follows, there

326 The Milbank Memorial Fund Quarterly



fore, the relationship between the galvanic response and each of 
the possible indicators of calcium nutrition will be sought for fairly 
short time-intervals.

G a l v a n i c  R e s p o n s e  a n d  C a l c i u m  I n t a k e

Wiehl (26) found that the diet histories of the Seward Park 
pupils frequently revealed deficient calcium intake. Seventy-two 
per cent reported an average daily calcium intake below the level 
recommended by the Committee on Food and Nutrition of the 
National Research Council, and 28 per cent reported an average 
intake of less than two-thirds of the recommended allowance. For 
a discussion of the collection and interpretation of the diet data the 
reader is referred to Wiehl’s paper (26).

Complete distributions of pupils according to the estimated 
weight of their daily average calcium intake are shown in Table 3 
for each school-sex group. The open character of the terminal 
groups and the evident skewness of the underlying distributions

Table 3. Distribution of subjects by reported daily average calcium intake, by 
school and sex.
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C alcium  In t a k e  
G m . D a il y

F ield sto n Sew a r d  Pa r k

Boys Girls Boys Girls

T otal 100.0 100.0 100.0 100.0

Less Than .30 0 .6 1-4 4.0
.30 - .39 .6 3.6 1.8 5-5
.4 0 - .49 •5 6.0 3-3 6.9
.50 - .59 .6 3.6 5.0 6.9
.60— .69 1 .1 3.0 6-5 10.6
.7 0 - .79 4-5 7-1 8.6 I I . 5
.8o“  .89 4-5 8.3 8.7 10.2.
.90- .99 5.0 8.3 7.8 9 *2-

1 .00 -1.0 9 8.9 9-5 8.0 9.0
1 .1 0 - 1 .1 9 5.6 13-7 9-1 8.6
I.LO-I.L9 9-5 7*1 ' 6.6 6.1
1.30  or More 59-2- 19 .L 33-2. 1 1 .5

Number of Cases 179 168 768 724



forbid reliance upon normal correlation theory. This is also true 
of the readings for the cathodal opening contraction (least per
ceptible twitch) as noted in conjunction with Table i. The amounts 
of current required to provoke contractions under the cathodal 
closing stimulus (least perceptible twitch), the anodal closing stim
ulus for the finger, and the cathodal closing stimulus for the hand, 
on the contrary, are distributed in fairly normal fashion. The rela
tionship between calcium intake and galvanic response, therefore, 
may be tested by the method of the contingency-table when the 
cathodal opening variety of the galvanic test is under consideration, 
and by analysis of variance when the other three galvanic tests are 
under scrutiny.

Each school-sex group was subdivided by date of test, and the 
resulting school-sex-time subgroups were analyzed individually. 
Table 4 gives the analysis for one such subgroup, the Seward Park 
girls tested in May and June, 1939. Although about a third of the 
222 subjects reported an average daily calcium intake of less than 
.70 gm., there is no evidence that a disproportionate number of them 
required only small amounts of galvanic cvurent to provoke the 
cathodal opening contraction. The numbers in parenthesis there
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Table 4. Relation between calcium intake and galvanic response, cathodal open
ing contraction for Seward Park girls tested May and June, 1939.

C a l c i u m  I n t a k e  i n  G m .
M a . G a l v a n i c  C u r r e n t

T o t a l

Under 5.0 5.0 or More

T o t a l 46 176 L2JL

Under .70 16 C14.50)* 54 ( 5 5 - 5 0 ) 70
. 7 0 -  .9 9 13  (13 .0 6 ) 50 ( 49.94) 6 3

I .O O - I .L 9 9  (10 .9 8 ) 44 ( 4 1 . 0 1 ) 53
1.30  or More 8  (  7 . 4 6 ) 18  ( 1 8 . 5 4 ) 3 6

n = 3 ,  X 2 = .6 9 5 , . 8 0  <  P < .9 0

* Values in parentheses are expected values calculated under assumption of independence.



are those “expected” on the assumption that the two factors are 
unrelated. Observed and expected values at least as divergent as 
these would occur by chance 80 to 90 per cent of the time under 
repeated sampling. Table 4 is typical of the tests which were made, 
as may be seen from the summary in Table 5. Statistical tests for 
intervals of even shorter length than those shown in the table were 
made, with similar results. It is quite clear, therefore, that if the 
reported calcium intake and the observed cathodal opening read
ings be accepted as valid, the two factors must be regarded as inde
pendent. Moreover, parallel analyses on the basis of the anodal 
opening stimulus gave essentially the same results. *
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Table 5. Summary of results of statistical tests of relationship between reported 
calcium intake and response to cathodal opening stimulus, by school and sex.

S e x

D at e

OF
T ests

N u m b e r  
OF C lasses C o m puted

V a l u e

OF X 2
P^

Ca. Galvanic

FIELDSTON

1940

Girls Feb. i9 “ Apr. 8 4 3 8.39 .LO

Boys Feb. i9~A pr. 8 3 . 1 1 >•95

SEWARD PARK^

1 9 3 9

Girls Mar. 2.1-M ay 10 2. * .18
Girls M ay ii-Ju n e  30 4 .70 .80-.90

Boys Mar. i i - M a y  10 L ♦ > .0 5
Boys M ay ii-Ju n e  30 2. L <•45 > .5 0

1 P gives the probability with which differences equal to or exceeding those observed 
might arise through chance.

2 No perceptible twitching was observed to occur under the cathodal opening stimulus 
applied to any Seward Park pupils tested from November, 1939  to March, 1940 . As 
recorded, therefore, the data provide no evidence of association for this period also.

* On the basis of an exact test for four-fold tables.



In order to study calcium intake in relation to the other three 
galvanic tests, each school-sex-time subgroup vŝ as further divided 
into four parts differing with respect to calcium intake. The class 
intervals employed for calcium intake are those of Table 4. If the 
neuromuscular response actually does depend upon calcium intake, 
these four groups should differ significantly with respect to the 
amounts of current required to provoke a muscular contraction, 
and a low calcium intake should be accompanied by a low average 
galvanic value. Inspection of each set of means does not support 
this expectation, and analysis of the variance within and among 
intake classes reveals nothing beyond chance differences among 
them. The salient features of the analysis are set forth in Table 6 
for the cathodal closing contraction (least perceptible twitch). 
Similar tables for the other two tests have been omitted for lack of 
space, but they permit the same conclusion.

On each horizontal line for a particular school-sex-time subgroup. 
Table 6 gives the set of means for the amount of current required 
to provoke the cathodal closing contraction, the degrees of freedom 
corresponding to the greater and to the lesser mean square, the 
variance ratio (usually the variance among classes divided by the 
variance within classes), and the probability judgment correspond
ing to the F  ratio considered in relation to the degrees of freedom.

For the range of calcium intake characteristic of the Study sub
jects, the observations do not support the view that the galvanic 
response correlates with reported calcium intake.’ It must be borne 
in mind that the subjects were on their usual, every-day diets and 
that the diet record was for only a two-day period. However fre
quently their average intake may have fallen below the recom
mended allowances for calcium, it may never have reached a level 
sufficiently low for a sufficiently long period for the reaction to
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® The results of the galvanic test also were studied in relation to the calcium intake per 
kilogram of body weight. This analysis also gave no evidence of significant differences for
the galvanic response among groups of children whose reported calcium intake per kg. 
was at different levels.



Table 6. Summary of results of statistical tests of relationship between reported 
calcium intake and cathodal current required to provoke perceptible contraction, 
by school, sex, and date of test.
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Date of T est

M ean  M a . of Current by  Calcium 
In t a k e , in  Gm.

D eg r ees  of 
F reedom V ariance

Ratio
(F)

Under
.70

.7 0 -

.99
I.OO-
1.29

1.30 and 
Over

ni U 2

1940 GIRLS, FIELDSTON

Feb. 29-M ar. II 1.39 1.56 1.32 1.50 3 74 1.34 > .0 5
Mar. 12 -2 5 1.06 1.28 1.20 1 .15 64 3 1.4s > .0 5
Mar. 26-Apr. 8 1.42

1
I. 12

1
I 19 3.32 > .0 5

BOYS, FIELDSTON

Mar. 12 -2 5
1

I.S7 I.4I 1.57 SI 2 1.67 > .0 5
Mar. 26-Apr. 8 1.44

1
1.38 1.45 93 2 2.86 > .0 5

1939 GIRLS, SEWARD PARK

Mar. 2i-A p r. 20 .94 .89 .92 .74 7 1 3 2.75 > .0 5
Apr. 2 1-M a y  5 •57 .54 .41 .60 50 3 1.28 > .0 5
M ay 6-20 .41 .52 .52 .53 3 80 1.25 > .0 5
M ay 2i-Ju n e 10 .88 .90 .93 .85 SI 3 6.79 > .0 5
June 11 -3 0 1.49 1.37 1.3 3 1 .53 78 3 1 . 16 > .0 5
Nov. 1-30 1.44 1.39 1.30 1.20 3 60 1.54 > .0 5
Dec. 1 - 3 1 1.25 1 .3 1 1.24 I.II 90 3 1.28 > .0 5

1940

Jan. 1 - 3 1 I.4I 1.38 1.22 1.27 3 152 2.10 > .0 5
Feb. 1-2 9 1.36 1.34 I . ,

.
58
1

2 38 1.6 1 > .0 5

1939 BOYS, SEWARD PARK

Mar. 2i-A p r. 20 I.OI 1.08 .92 1 ,2 1 3 89 1.54 > .0 5
Apr. 2 1-M a y  5 .67 .69 .63 .57 52 3 3.38 > .0 5
M ay 6-20 •52 .60 .53 .57 78 3 4.79 > .0 5
M ay 2i-Jun e 10 I . I I 1.06 1 . 10 52 2 14 .71 > .0 5
June 11 -3 0 1.60 I.S3 1.55 1.76 55 3 1.4 1 > .0 5
Nov. 1-30 1.89 1.34 I.7I I.S2 3 4 4 1.87 > .0 5
Dec. 1 - 3 1 1.79 1.64 1.67 1.63 98 3 1.72 > .0 5

1940

Jan. 1 - 3 1 1.86 1.73 I.8I 1.68 3 185 1.05 > .0 5
Feb. 1-2 9 1.81 1.61 1.94 1.74 57 3 1.07 > .0 5

 ̂Probability of obtaining a set of means equally or more divergent by chance.



galvanic stimuli to be affected. Subjects fed on experimental diets 
having a very low calcium content might manifest a disturbance 
of galvanic reaction not seen in the Study subjects. Even experi
mental verification of such a view would not alter the fact that no 
relationship is demonstrable within the extensive range of the re
ported calcium consumption of the Study subjects. Insofar as the 
reported absolute intake of calcium has any value as a sign of cal
cium nutrition, therefore, the galvanic test has no diagnostic value 
for subjects like those studied here.

Mention should be made of the experimental results obtained 
by Sjollema and Seekles (27) with rabbits. They varied the mineral 
content of experimental diets in order to provoke galvanic responses 
symptomatic of tetany in latent or clinically evident form. Although 
their observations are too few to permit precise conclusions, on diets 
having Ca./P ratios of between i :2.25 and 1 14.̂  their animals had 
normal galvanic reactions. Only when the ratio reached or exceeded 
1:5.6 was it possible to diagnose tetany (latent or active) in their 
animals. In the normal human diet calcium and phosphorus tend 
to occur together in the same foods, and ratios of the order of 1 15.6 
are rather unlikely. The same authors also report normal galvanic 
reactions for animals in a state of starvation.

332 The Milbank Memorial Fund Quarterly

G a l v a n i c  R e s p o n s e  a n d  S e r u m  C a l c i u m

Since the Study observations on serum calcium vary from one 
period to another, it is essential that any apparent relationship be
tween serum calcium and galvanic response be independent of 
time. Hence, in this section also the analysis utilizes the individual 
school-sex-time groups as the basic units for which a relationship 
is to be sought. Since the serum calcium values are distributed in 
approximately normal fashion, normal correlation theory may be 
relied upon for the detection and measurement of any relationship 
with any but the cathodal opening variety of the galvanic test.

The distribution of values for the cathodal opening contraction
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Sb r u m  C a l c iu m  
M g . P er  C ent

T otal

10 .0 - 10.4
10 .5 -  10.3
1 1 .0 -  1 1 .4
1 1 . 5 -  1 1 .9

M a . C u r r e n t  R e q u ir e d  fo r  C a t h o d a l  O p e n in g  C on t rac tio n

L.O-L.4 2. 5- L .9 3 .0 -3 .4 3-S-3-9 4.0-4.4 4 -S-4-9

5.0 or 
More

65

17
35

13

A ll

82.

2-3
44

14
I

As a 3 X 2 contingency table, n = i ,  X 2 = .9 o , and .50 < P  < .70 .

Table 7. Relationship between serum calcium and galvanic response, Fieldston 
boys, cathodal opening contraction.

presents a special problem, but the method of the contingency table 
provides a convenient test of the association between serum cal
cium and the current required to provoke the cathodal opening 
contraction. The observations summarized in Table 7 are more or 
less typical of those available for study, except that the serum cal
cium values shown there are higher than those for Seward Park. 
The Fieldston boys examined in March and April, 1940, fail to 
support the position that neuromuscular irritability depends on 
serum calcium. All the statistical tests of this character are sum
marized in Table 8.

The serum calcium values for Seward Park pupils are somewhat 
lower, on the average, than those shown in Table 7 for Fieldston 
boys. The difference is thought to reflect either technical or seasonal 
variation. With but one exception, however, the probabilities of 
Table 8 suggest no reason to reject the position that the neuro
muscular response to cathodal opening current is actually inde
pendent of serum calcium. The exception concerns Seward Park 
boys examined in April and May, 1939. The number having low 
(under 5.0 ma.) galvanic values among all those of stated serum 
calcium is: one among eight at the 9.5-9.9 mg. per cent level; two



among thirty-seven at the 10.0-10.4 mg. per cent level; four among 
fifty-four at the 10.5-10.9 mg. per cent level; and none among sixty- 
seven at or above ii.o  mg. per cent. Dividing the group at ii.o  mg. 
per cent makes a four-fold table with a slight suggestion of hetero
geneity. Although the association is of the expected character, low 
galvanic values appearing with low serum calcium values, the prob
ability of .07 fails to reach the .05 level arbitrarily used here, and 
no other portion of the statistical analysis reflects a similar pattern.

None of the other three galvanic tests furnishes values which are 
correlated with serum calcium, as may be seen from Table 9. The 
linear correlation coefficient (r) was computed for each school-sex
time group of sufficient size (the number of subjects ranges from 
15 to 92). Taken individually, four of the fifty-six coefficients are
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Table 8. Summary of analysis of relationship between serum calcium and cathodal 
opening contraction, by school, sex, and date of test.

S e x D a t e  o f  T e s t

N u m b e r  o f  C l a s s e s

X * pi

Ca. Galvanic

FIELDSTON

1940

Girls Feb. x9“ Apr. 8 1 3 I . 3 I .50-.70
Boys Feb. i9 “ Apr. 8 3 1 .90 .50-.70

SEWARD PARK*

1 9 3 9

Girls Apr. 2.1-M ay 10 1 1 •2-5
Girls M ay ii-Ju n e  30 3 1 •33 .80-. 90
Boys Apr. 1 1 - M a y  10 1 1 * .07
Boys M ay ii-Ju n e  30 4 1 •75 > .8 0

1 Chance of obtaining a set equally or more heterogeneous, under hypothesis of inde
pendence.

3 All Seward Park pupils examined from November, 1939  to March, 1940  required at 
least 5 ma. for cathodal opening contraction.

* Exact test for four-fold table employed in lieu of chi-square approximation.



statistically significant at the P^.05 level; but, if the underlying r’s 
were truly 0, one would expect to attach significance (erroneously) 
to three sample coefficients if the .05 criterion were employed, and 
the excess of one is unimpressive. All three distributions evidently 
center about o. For the cathodal closing contraction (least per
ceptible twitch) a statistical test of homogeneity shows that a set of 
coefficients equally or more divergent than that observed should 
occur once in ten trials even if one repeatedly sampled the same 
normal bivariate distribution having a given value of r, the popu
lation coefficient of correlation. The distribution of r for the finger 
test (anodal closing) is more variable than would be expected from 
the operation of purely chance factors (.05>P>.02) but that for 
the hand test (cathodal closing) is homogeneous (.7o>P>.5o). 
However, the frequency distributions suffice to show that there is 
no reason to assume any real correlation between serum calcium 
and any of the three galvanic tests.

The absence of a significant relationship between serum calcium 
and galvanic response does not prove the galvanic test useless as a 
guide to calcium nutrition. It was noted above that serum calcium 
probably does not register the state of calcium nutrition enjoyed by
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Table 9. Distributions of coefiScients of correlation between serum calcium and 
galvanic response for three varieties of galvanic test.

V a l u e

OF
C athodal 

C losing  
( L east  T w itch)

A n o d al

C losing

(F in g e r )

C athodal

C losing

(H a n d )

T otal ll 18 16

- • 4 4  to - - 3 5 I I —
- • 3 4  to -  .2.5 I 2. 2.
— .L4 to — .15 5 2. I
— .14  to — .05 5 3 3
— .04 to + .0 5 3 5 4
+  .06 to + . 1 5 6 2. 5
+  .16  to + .2 .5 0 3 I
+ . l 6 to + - 3 5 I — —

 ̂ Each r '  represents the experience of a particular school-sex-time group. The number 
in each such group varies from 15 to 92 .



the organism unless very marked and clinically apparent symptoms 
are present. It is of interest, therefore, to note that calcium intake 
and serum calcium are entirely unrelated for the subjects in this 
Study. Sixteen school-sex-time groups were studied for variations 
in average serum calcium corresponding to differential calcium in
take, but no positive relation between the two factors was disclosed.

G a l v a n i c  R e s p o n s e  a n d  S k e l e t a l  A g e

For adolescents of the same chronological age, skeletal age is in 
some ways more closely associated with' calcium nutrition than 
any other single measurement provided by the Study. Schmidt (28) 
has described how roentgenograms of hand and wrist, elbow, and 
hip were obtained for each subject and assessed against the West
ern Reserve University standards of Todd and his associates. The 
average of the three skeletal age equivalents was employed in 
the statistical analysis as the best estimate of general skeletal 
development.

Both Fieldston and Seward Park pupils are, on the average, 
above the Western Reserve standards for each chronological age. 
Although not without interest, this fact does not affect the argu
ment here. Whether a particular group of subjects is above or below 
the average for a given age is a purely statistical question which 
can be reliably answered only on the basis of truly representative 
standards (averages). Either Todd’s standards of skeletal age for 
each chronological age may not be truly representative, or even the 
relatively impoverished Seward Park pupils are above average in 
their skeletal development. Most of the Jewish children in the 
school partook of a relatively orthodox Jewish diet, and their con
sumption of dairy foods may have secured for them a better than 
average supply of calcium. However, the evidence of the diet his
tories (26) strongly suggests that their average calcium intake was 
frequently well below recommended allowances. Moreover, the 
precise chronological age equivalent of a given degree of skeletal
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maturity is beside the point. What matters is that the x-rays make 
it possible to array any set of subjects of comparable chronological 
age according to the degree of skeletal maturity. If pupils of retard
ed skeletal maturity tend also to be deficient in their calcium nutri
tion, and if the galvanic response is a measure of calcium deficiency, 
then galvanic hyperirritability should be at least noticeably frequent 
among subjects whose skeletal development falls short of the aver
age for their chronological age.

Although skeletal maturation is controlled only in part by the 
available supply of calcium, the relationship should be sufficiently 
close to invest skeletal age with some value as a guide to calcium 
nutrition, especially for the deficiency range. The retarded skeletal 
development of a particular subject may or may not represent in
adequate calcium nutrition, but the relationship should in general 
be strong enough to provide a statistical basis for exploring the 
association between calcium nutrition and galvanic response. If 
this postulate be accepted, then any relationship between galvanic 
response and calcium nutrition would be indeed tenuous if it failed

Table 10. Relation between skeletal maturity and response to cathodal opening
stimulus, for Fieldston girls of all ages.
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M a .
G alvanic

Current

Skeletal A ge^

L o w Moderate x^dvanced Total

T otal 41 97 18 166

Less Than 4.50 II C 8.65)* * 1 0  (10 .4 5 ) 4 ( 5 - 9 0 ) 35
4.50-4.99 8 < 8 . 1 5 ) 16  ( 19 .18 ) 9 (  5-57) 33
5.00 or More (x 4 .io ) 6 1 0 7 -2-7) 15 ( 16 .5 3 ) 98

n=4, X2=4.5i, .30 <P <.50

 ̂ Taken in relation to chronological age. The distribution for each chronological age 
group was separated into three parts, and like parts for the different chronological age 
groups were summed.

* Values in parentheses are expected values calculated under assumption of independence.



m

to appear in so extensive an analysis of skeletal maturity and gal
vanic response as this Study furnishes.

The insignificant correlation between galvanic irritability and 
both calcium intake and serum calcium is reinforced by the ap
parent independence of skeletal age and galvanic response. Each 
school-sex-age group was sorted by skeletal age against each of the 
galvanic tests. The Study observations on the amount of current 
required to provoke the cathodal opening contraction are illus
trated in Table 10 with the results obtained for the Fieldston girls.
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Table i i .  Summary of analysis of relation between skeletal age and galvanic 
response, by sex, school, and age.

Ssx A g e

N um ber  of C lasses

Skeletal Age Current

X2

FIELDSTON

Boys AU 2 3 2 < 1 .3 > .5 0

Girls AII2 3 3 4-5 .30-.50

SEWARD PARK

Boys 14 2. 2 * .16

15 2. 2 * > .2 6
16 2. 2 < 3 .8 > .0 5

17 2. 2 * > .1 2
18 2 2 * > .1 9

A 112 3 2 1 ,2 .50-.70

Girls 14 2 2 * > .3 0

15 2 2 < 3 .8 >.0 5
16 2 2 2 .1 .lO-.LO

17 2 2 *
> • 2-9

18 2 2 * .1 1
A 112 3 2 < 1 .6 > .3 0

1 Chance of obtaining a set equally or more heterogeneous, under hypothesis of inde
pendence.

2 Combined as described in footnote 1 , Table 10 .
* An exact test was made.



Three degrees of skeletal maturity were established at each age, 
and the data for the several ages were then combined to yield the 
3 x 3  contingency table shown. The expected values (in paren
theses) are close to those observed, and the chi-square value of 4.52 
indicates a probability range of .30 to .50. In other words, there is 
no evidence whatever that retarded skeletal growth is associated 
with galvanic irritability as measured by the cathodal opening 
contraction. The information about single-year age groups is essen
tially similar to that shown for all the Fieldston boys and girls in 
Table i i .  None of the tests on any of the Seward Park pupils also 
shown there suggests any reason for assuming the existence of a
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Table 12 . Summary of evidence on relation between skeletal age and galvanic 
response among Seward Park pupils, by sex, chronological age, and variety of gal
vanic test.

C athodal C losing A n o d a l  C losing C atho dal  C losing

C ontraction  ( T w itch) C ontractio n  ( F in g e r ) C o ntraction  (H a n d )

A g e

Number Value Number Value Number Value
of of pi of of pi of of Pl

Pupils
A
r Pupils r Pupils f

BOYS

13 22. +-M9 >.IO 20 +.151 >.IO 19 + . 1 3 8 >.IO

H 90 — .002 >.IO 82 +.151 >.IO 76 + •0 6 5 > .IO

15 180 + . 1 5 1 .04 164 -1-.166 .03 148 + • 2 4 4 <.OI

16 1 1 3 - . 0 5 9 >.IO 186 +•059 >.IO 159 — .004 >.IO

17 + . 0 1 4 >.IO 1 1 4 -•135 > .IO 85 — .019 >.IO

18 40 + . i 8 z >.IO 30 +•094 >.IO 2-7 + .0 0 7 >.IO

GIRLS

14 91 +•037 > .IO 86 + .0 2 0 > .IO 76 - . 0 7 1 > .IO
16 10 2 + .0 4 5 > .IO 175 +•034 >.IO 153 + .0 0 1 > .IO
18 29 + •0 4 7 >.IO 28 + - ° 4 3 >.IO 20 +•055 > .IO

1 P  gives the probability with which the degree of relationship observed might arise 
through chance.



real relationship between cathodal opening contraction and skele
tal maturity.

The method of correlation analysis was followed for the other 
three galvanic tests, with the results summarized in Table 12 for 
various school-sex-age groups. There was considerable variation in 
skeletal age among subjects of a given chronological age, and of 
course the current required to provoke contractions varied greatly 
among subjects. Nevertheless, correlation analysis furnishes little 
reason to believe that galvanic irritability and retarded skeletal ma
turation have anything more than a chance association. The obser
vations on the Fieldston pupils are omitted on the view that the 
experience of the Seward Park pupils provides a more cogent test 
of the value of the galvanic test, and only certain age groups among 
the Seward girls were studied. The correlation coeflEcients shown 
in Table 12 are both low and statistically insignificant in all but 
three instances. These were all obtained for the Seward Park boys 
aged 15 and are + .15 1 ,  +.166, and +.244 for the cathodal closing 
(least twitch), anodal closing (finger), and cathodal closing 
(hand) tests, respectively. If the true coeflEcients were zero, the 
likelihood of obtaining such coeflEcients by chance would be rather 
small, as the tabled probability values indicate. However, the co
eflEcients themselves are not large and, in view of their exceptional 
nature, they hardly constitute weighty evidence of a real relation
ship between galvanic response and skeletal maturity.

C o n c l u s i o n

Three possible indicators of calcium nutrition were studied for 
their relationship to the neuromuscular response to galvanic stimu
lation in order to assess the value of the galvanic test as a possible 
means of detecting mild states of calcium deficiency in the body. 
Several varieties of the galvanic test were studied and the results of 
each were individually compared with determinations of total 
serum calcium, calcium intake, and relative skeletal maturity. Some
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extraneous sources of variation were discovered and controlled by 
statistical means.

Although the Study utilized a sample of about 1,800 adolescents 
who varied widely in their calcium intake and in the difference 
between their chronological and skeletal ages, and appreciably in 
their total serum calcium, no significant relationship was found 
between galvanic hyperirritability and any of the three indicators 
of calcium nutrition. It must be borne in mind, however, that the 
Study furnished no assessment of calcium nutrition per se, and that 
it was possible to approach it only indirectly through such possibly 
related factors as calcium intake, serum calcium, and relative skele
tal maturity.

That the galvanic test should have diagnostic value for tetany 
but not for such mild states of calcium deficiency as presumably 
inhered in the Study sample may mean that the deficiency charac
teristic of tetany is much more marked than the usual dietary 
deficiency, or qualitatively different from it. It is known that 
tetany is induced much more readily by factors which disturb 
the ionic calcium level in the blood than by simple dietary defi
ciency of calcium. Whatever the explanation, no evidence is pro
vided that the neuromuscular response to galvanic stimulation pro
vides a satisfactory basis for appraising the adequacy of the calcium 
nutrition of groups of adolescents.
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