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The disordered metabolism of the inorganic cistituents of bone in the
rachitic child has long been the subject of research, in the course of which a
mass of valuable experimental data has accumulated. Nevertheless, it must
be admitted that in rickets the causa causan8 remains obscure, and further,
that with regard to the interpretation of much of the experimental evidence
in our possession, there is no unanimity of opinion. Thus, it is still an undecided
point whether the fundamental error lies in the assimilation of phosphorus
or in that of calcium, the issue being confused by the intimate reciprocal
relation which exists between these elements in every phase of their metabolism.

One of the most constant findings in rickets is a reduction in the inorganic
phosphorus content of the blood, a point first noted by Iversen and Lenstrup (1)
and shortly afterwards confirmed by Howland and Kramer (2). On the other
hand, the blood calcium, at least in uncomplicated rickets in the human subject,
is not far removed from the normal (3). A consideration of these facts, together
with the results of metabolism experiments on rachitic as compared with
normal children, led Howland (4) to conclude that the essential defect in rickets
consists in an impaired absorption of phosphorus. Other American investi-
gators, notably Hess and his collaborators (5) (6) have laid similar stress on the
question of phosphorus metabolism in relation to rickets.

These views are not, however, shared by the Glasgow School. In 1924
Findlay (7) stated that in his judgement the intrinsic disturbance was one of
calcium metabolism, and while admitting that the possibility of a defective
fixation of calcium by the growing cartilage had not definitely been excluded,
he was inclined to the idea that the failure of calcification in rickets is the
result of interference with the normal absorption of lime salts from the gut.
The experimental studies of Telfer (8) on normal and rachitic infants led him
also to the conclusion that in the latter the role of defective calcium assimilation
was of the first importance.

A survey of the facts, so far as they are at present known, with regard to
calcium and phosphorus metabolism in health and in rickets, will serve to
indicate the grounds upon which these divergent opinions are based.

In most foodstuffs calcium and phosphorus occur chiefly in inorganic
form, though also to a lesser extent in organic combination. It is in the
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ARCHIVES OF DISEASE IN CHILDHOOD

former that they are for the most part absorbed. Solution of the greater part
of the coinpounds ingested is brought about by the acid gastric juice, and
absorption then proceeds until, passing into the intestine, the chyme becomes
alkalinized, and the calcium remaining unabsorbed is thrown out in the
form of the insoluble tertiary phosphate of lime. Further free absorption
cannot then take place. Apparently, therefore, even under normal conditions,
absorption of calcium is limited to a fraction of the intake, and occurs, for the
most part, over a very restricted area. Moreover, it is largely influenced by
the pH of the secretions in this area, and may be seriously interfered with by
any increase in the latter. Telfer's work (8) on the normal metabolism of
calcium in children and in animals goes far to confute the theory, long held,
that calcium is absorbed in excess of requirements and to a large extent
re-excreted into the intestine. On the contrary, it points definitely to the
fact that " the greater part of the calcium intake is restricted to the gut, and
except the small amount excreted in the urine, the amount absorbed is nearly
equivalent to the amount retained." The same experimental study showed
the significance of the urinary calcium as an approximate measure of the
absorption of this substance. Increase in the calcium intake was followed
by improved retention accompanied by a slight rise in the urinary calcium,
while a diminished intake resulted in a corresponding fall. Ahlquist's investi-
gations (9) of the metabolism of lime in normal children also demonstrated the
iinportance of this point.

In contrast to calcium, phosphorus is freely absorbed from the alimentary
tract. Its inorganic salts are dissolved by the gastric juice, and the bulk of the
ingested phosphorus is probably absorbed in this form (8). During intestinal
digestion organic phosphorus compounds are split up, and the phosphoric
acid thus set free is further rendered available for absorption.

Normally, phosphorus is found in considerable quantity in both urine
and faeces. The foecal phosphorus has been shown to be simply the unabsorb-
able mineral residue of the food. Locked uip in insoluble combination with
calcium, it has passed through the body without taking any part in metabolism
beyond the intestinal wall. Excess of phosphorus over the amount required
for the conversion of calcium in the intestine into Ca3(PO 4)2 is absorbed, and
in so far as it is not required for growth and repair of tissue, is eliminated in
the urine.

Under normal conditions, the percentage of phosphorus absorbed depends
mainly upon the exteint to which precipitation of Ca3(PO 4)2 takes place. Any
factor, for examiple, excess of linme in the food, which leads to increased forma-
tion of this salt, will restrict a larger amount of phosphorus to the intestine,
leaving relatively less to be excreted by the kidneys, while the opposite effect
will be produced by factors causing a reduced formation of Ca3(PO 4)2. Thus
it has been shown by Hoobler (10) and confirmed by Telfer (8) that an excess of
fatty derivatives in the intestine results in the elimination of increased quantities
of calcium in the form of insoluble soaps, so that relatively less phosphorus
is calcium-bound, and miore is free to be absorbed.

'd,86
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PHOSPHORUS ABSORPTION IN CHILDREN

Tiie-e facts have an important bearing upon the deranged metabolism
of the elements in question in rickets. In the active stage of this disease,
as the early experimients of Schabad (11) proved, and those of other observers
have sinice confirmed, there is a greatly diminished retention of calcium and
phosphorus, more especially of the latter, and abnormally large quantities of
both are excreted in the feeces. In the urine calcium is reduced to an insignifi-
cant fraction, while the amount of phosphorus, though little changed absolutely,
constitutes a much smaller proportion of the total excretion than in health.
On the other hand, the healing stage of rickets is characterized by an abnormally
high positive calciumt-phosphorus balance, and a reduction in the elimination
of these by way of the intestine. The quantity of phosphorus in the urine
remains practically the same, so that the improved retention occurs at the
expense of that which had previously been excreted in the faeces. The change
in the partition of calcium between urine and faeces is less striking, but Orr
and others (12) (lemonstrated that in a number of cases an increased percentage
was excreted in the uirine, and that this was due quite as much to actual increase
in the qutantity of calcium found in the urine, as to the diminution of this
element in the faeces. Wills, Sanderson and Paterson (13) have also recorded
an increase in the urinary calcium during the healing stage of rickets.

If Telfer's hypothesis be accepted, that under normal physiological
conditions the calcium content of the faeces represents not an excretion from
the blood, but merely the unabsorbed portion of the intake, then the importance
of its application in the case of rickets becomes manifest. In the absence of
proof that in this disease an abnormal mode of excretion exists (and as
Findlay (7) has pointed out, indisputable evidence to this effect is lacking)
it follows that the surplus of calcium in the faeces in rickets is the result, not as
had been generally assumed, of increased excretion into, but of diminished
absorption of lime from the gut. The influence of an excess of calcium upon
the absorption of phosphorus is well known, and has already been mentioned.
Whether such an excess be due to increased intake, or to defective absorption
of calcitum, the effect will equally be to restrict an increased amount of phos-
phorus to the intestine. It follows that the abnormal excretion of phosphorus
in the faeces in rickets may be entirely secondary to the error in calcium meta-
bolism, and is not necessarily to be taken as evidence of an impaired power
of absorbing phosphorus as such.

The results of certain metabolism experimiients carried ouit by Findlay and
Telfer (7) lend strong support to this view. In two cases of late rickets the diet
was adjusted so that it contained a minimal quantity (0-16 grm.) of CaO per
day, and the excretion of calcium and phosphorus was followed. It was
found that of the total amount of phosphorus eliminated, 74 per cent. occurred
in the urine. Increase in the daily intake of CaO by the addition of calcium
lactate to the diet brought about a striking change, in that the urinary phos-
phorus was much reduced, in one case to almost half the previous amount. It
was thus shown that in these cases absorption of phosphorus was actually
unimpaired, though the fact emerged clearly only when the deterrent influence
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ARCHIVES OF DISEASE IN CHILDHOOD

of calcium was as far as possible removed, a point to which attention was
directed for the first time.

In view of these observations it became important to determine whether
the concentration of phosphorus in the serum is influenced in like manner by
variations in the palcium and phosphorus intake, and in particular, whether
any significant difference can be demonstrated between such response in the
rachitic and the normal child. It was with this object in view that the present
investigation was undertaken.

The work was divided into two parts. In the first, the level of the inor-
ganic phosphorus of the serum in normal and rachitic children was followed
throughout a period of several weeks, during which alterations were made
from time to time in the intake of calcium and phosphorus. In the second,
the absorption of phosphorus in rickets was compared with that in health by
tracing the rise in the serum phosphate in both, following the administration
by mouth of a single dose of acid sodium phosphate.

PART I. STUDY OF SERUM PHOSPHORUS.
Method.

The first group selected for study consisted of three children, from 1i-4
to 13 years of age who suffered from rickets in the active stage as evidenced
by radiograms; the second, of nine non-rachitic children varying in age from
5 months to 10 years. Of the latter, hereinafter briefly designated " normal,"
one had recovered from chorea, two from bronchitis, and the remainder suffered
from chronic rheumatic carditis, conditions presumably unaccompanied by
any error in calcium or phosphorus metabolism.

A basic diet low in calcium was chosen. The older children (8-10 years)
received the following daily allowance

Diet A. Meat 100 grm., potato 120 grm., bread 200 grm., banana 50 grm., butter and
honey of each 25 grm., orange juice 50 c.c., and cocoa 6 grm. This contains, according to a
calculation from tables supplied by Sherman (14), approximately 0-16 grm. CaO, and 1-16 grm.
P205. It was impossible to reduce the calcium intake to a comparable extent in the case of the
younger children (under 2 years) whose diet necessarily contained a considerable quantity of
milk. Two of these received daily 0 79 grm. CaO and 1 1 grm. P205 in the following diet:-

Diet B. Milk, 450 c.c. diluted with water 600 c.c., 40 per cent. cream 30 c.c., sugar 62 grm.,
bread 30 grm., and butter 4 grm. In the remaining two cases, a normal child of 5 months, and
a rachitic of 1 years, the diet consisted of whole milk, no attempt being made to reduce the
calcium intake.

Changes in the intake of CaO and PR,0 were effected by the addition of
different amounts of calcium lactate and acid sodium phosphate to the diet,
and in the majority of cases were so arranged that during the earlier stages
of the experiments there was a gradual increase in the daily intake of phos-
phorus, while that of calcium remainied low; in the final stage the calcium
intake was at one step largely augmented, the phosphorus being maintained
at its previous level. These alterations in the diet were made at intervals
of five or six days, and durin(g each period the serum phosphate was twice
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PHOSPHORUS ABSORPTION IN CHILDREN

determined, usually on the third and fifth or sixth days. Throughout the
experiments all the patients were confined to bed.

The method employed for estimationi of the inorgan% phosphorus of the
serum was that of Tisdall ( 15) and due care was taken in every case to separate
the serum from the blood as rapidly as possible.

Results.
In the later experimenits ininor changes were mnade in the amounts of

calcium and phosphorus salts added to the diet, hence it has been necessary
to divide the results into groups. Those obtained in the normal cases are
summarised in Tables I.-IV., and graphed in Charts I.-V., those in the rachitic
cases in Tables V. anid VI., and Charts VI. and VII.

TABLE I.
NORMAL CHILDREN.

(a. la

Intake.
Diet.

CaO P20Q

bet. 5 grin. . .. .. 1-44 1.15

. . 0-16 1-15

. . 0.16 115

+ NaH2PO4 3 grm. 0-16

+ NaH2PO4 3 grm. .. .. .. 016

NaH2PO4 6 grm. .. ... 0 16

, NaH2PO4 6 grm. .. .. .. 0-16

, NaH2PO4 6 grm. aind Ca. lact.
5 grm. 1 44-

, NaH2PO4 6 grm. and Ca. Lact.
5 grm. 144

+ NaH2PO4 6 grm. anid Ca. ]act.
12-5 grm. 3-35

+ NaHfP2104 6 grm. and Ca. lact.
12-.5 gIn. .. .. .. 3-35

2-92

2-92

4-69

4-69

4-69

4-69

4-69

4-69

P. in mg. per 100
c.c. serum.

Case 1. Case 2.

4-2

4-1

4-0

4.4

4-3

4.4

5-0

4-4

4-2

4-2

5.4

5-2

5-6

5-8

5-1 5-4

5-0 5-9

4-9

4-7 -

CASES 1 and 2. (Table I.) (Chart I.)

In both cases the serum phosphorus was unaffected by the initial reduction of calcium in
the diet, but showed a definite rise in response to increase in the intake of phosphates. This
was more marked in Case 2, in which it amounted to 1 4 nig. per 100 c.c. Subsequent slight
increase in the calcium intake was without effect on the serum phosphorus, and at this point
the investigation in Case 2 was unavoidably cut short. In Case 1 a further increase in the
calcium was followed by a slight but definite fall in the serum phosphorus, which, however, still
remained well above the original level. It is to be noted that the CaO: P205 ratio at the
beginning of this experiment was nearly twice as great as at the end.

1)iet (A) +

Day of
Experi-
ment.

1-4

4-7

7-9

9 12

12-14

14-17

17 19

19 22

22-24

24-27

27 30

289
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ARCHIVES OF DISE4SE IN CHILDHOOD

TABLE I1.
NORMAL CHILDREN.

Day of
Experi-
ment.

Diet.

1-4 Diet (A) + Ca. lact. 5 grin. + NaH2PO4

1-4 Diet (A) + Ca. lact. 5 grm. + NaH2PO4
2 grm. ..

4-7 + NaH2PO4 2 grm.

7-9 + NaH2PO4 2 grm.

9-12 + NaH2PO4 4 grin.
12-14 + NaH2PO4 4 grm.
14-17 ,, + NaH2PO46 grm.

17-19 + NaH2PO4 6 grm.

19-22 + NaH2PO4 6 grm. + Ca. lact.
12-5 grm.

22-25 + NaH2PO4 6 grm. + Ca. lact.'
12.5 grm.

25-27 ,, + NaH2PO4 6 grm. + Ca. lact.
12-5 grm.

P. in mg. per 100
Intake. c.c. serum.

CaO P2053 Case 3. Case 4.

1-44

0-16

0-16

0-16
0.16
0 16

0 16

2-33

2-33

2-33

3-51
3.51
4-69

4-69

4.9

5-8

5-6

6-0
6-1

6-2

6-3

5.5

5-8

5-7

6-1
5-8

6-1

6-1

3-35 4-69 6-0 5-2

3-35 4-69 5-1 5-4

3-35 4-69 - 5-4

Showing Serum P. Curves in Feeditig Experimiients in Normal Children (Cases I-VII).
CASES 3 AND 4. (Table II.) (Chart II.)

In this group the diet was adjusted so that there was no great discrepancy between the
CaO: P205 ratios at the beginning and at the end of the experiment, the figures being 0-6 and
0 7 respectively.

CHART I. CHART II. CHARTr =I.

290

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.2.11.285 on 1 January 1927. D

ow
nloaded from

 

http://adc.bmj.com/


PHOSPHORUS ABSOUPTION IN CHILDREN 291

Case 3 responded to an increasing phosphorus intake with a rise of 1-5 mg. P. per 100 c.c
serum; later an increase in the calcium of the diet was followed by a marked drop in the serum
phosphorus, which almost regained its initial level.

The corresponding changes in Case 4, though more erratic, were similar in general trend.

TABLE III.
NORMAL CHILDREN.

Diet.

Diet (A) + NaH2PO4 2 grm. +
Ca. lact. 5 grm.

,, , + NaH2PO4 2 grm.
Ca. lact. 5 grm.

,, + NaH2PO4 2 grm.

,, ,, +- NaH2PO4 2 grm. . .

,, ,, + NaH2PO4 5 grm.

,, ,, + NaH2PO45 grm.

,, ,, + NaH2PO4 5 grm. +
Ca. lact. 12-5 grm. . .

Intake.

CaO.

1-44

1-44

0-16

0 16

P203.

2 33

2-33

2-33

2.33

0-16 4 1

0-16 4-1

3-35

,, ,, +NaH2PO4 5 grin. +
Ca. lact. 12.5 arm. . .

P. in mg. per 100
c.c. serum.

Case 5. Case 6. Case 7.

4.6

4-8

4-6

4-6

5 1

5 2

4.5

4-7

4.9

50

5-2

4-1 4-8 5-1

4-1 4.6 5.0

4.7

4 8

4-8

50

5.9

5-6

60

CASES 5, 6 AND 7. (Table IIl.) (Chart III.)
An effort was made still farther to increase the CaO: P205 ratio in the final stage of the

experiment. As it was impracticable to give more than 12-5 grm. of calcium lactate daily, this
object was arrived at by reducing the amount of NaH2PO4 added to the diet.

All three cases exhibited a rise in serum phosphorus following increased intake of phosphates,
although in Case 5 the increment was small. Again the addition to the diet of calcium in excess

was attended by a fall in the serum phosphorus, though not to the original level.

TABLE IV.
NORMAL CHILD.

Day of
Experi-
ment.

1-4

4-7

7-10

10-13

13-16

16-20

20-22

Diet.

Milk 825 c.c. .. .. ..

,,I ,, + NaH2PO4 4 grm. .. .. ..

+ Ca. lact. 10 grm.

Intake.

CaO. P205.

14 18

1-4 18

1 4 4-17

1-4 417

1-4 4-17

3-9 4-17

3.9 4-17

Serum P.

Case 8.

4-1

4-2

5*0

46

4-7

40

42

Day of
Experi-
ment.

1-4

4-7

7-10

10-13

13 16

16-18

18-21

21-23
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292 ARCHIVES OF DISEASE IN CHILDHOOD

CASE 8. (Table IV.) (Chart IV.)
The basic diet in this instance was whole milk, and the calcium-phosphorus intake was

therefore high at the beginning, and greatly in excess at the end of the experiment. In the
last 4 days there was some slight vomiting.

The rise in the serum phosphorus following high phosphorus feeding was definite but not
very marked, amounting to 0-8 mg. per 100 c.c. During the last period, when the CaO: P205
ratio was 0-9, as compared with 0 7 at the outset, a diminution of 0 7 mg. per 100 c.c. occurred
in the phosphorus of the serum.

CASE 9. (CHART V.)

In this case the calcium-phosphorus intake remained constant throughout. During the
first 5 days the serum phosphorus was determined daily, and for the remainder of the period
estimations were made at intervals of 3 or 4 days. The total range was from 4-9 mg. to 5- 3 mg.
P. per 100 c.c., and for the most part the day to day fluctuations were negligible.

TABLE V.
ACTIVE RICKETS.

Diet.

Milk 1050 c.c. ... ... ... ...

Diet (B) + NaH2PO4 1 6 grm. ... ...

+ NaH2PO4 1-6 grm.

+ NaH2PO4 3-3 grm.

+ NaH2PO4 33 grm. ... ...

+ NaH2PO4 4-2 grm. ... ...

+ NaH2PO45 grm. ... ..

+ NaH2PO4 5 grm. + Ca.
lact. 4 grm.

+ NaH2PO45 grm. + Ca.
lact. 4 grin. ...

+ NaH2PO4 5 grm. + Ca.
lact. 8 grm.

+ NaH2PO4 5grm. + Ca.
lact. 8 grm. ...

Intake.

CaO.

173

0-78

078

078

0-78

0-78

0-78

1-8

1-8

2-8

28

P205.

2-3

2-03

2-03

3-03

3-03

3-56

4-06

4-06

4-06

4-06

4-06

P. in mg. per 100
c.c. serum.

Case 10.

3-6

3.7

3-5

4-1

3-4

3.5

3-3

Case 11.

3.9

3-8

3-9

3-9

4-2

3-9

4-3

3.9

3-7

3-7

3-5

CASES 10 AND 1 1. (Table V.) (Chart VI.)

In Case 10 the behaviour of the serum phosphorus was somewhat erratic. Unfortunately
the experiment had to be curtailed before the final increase in calcium had been made, but
even the very moderate increase that was effected, was associated with a slight fall in the serum

phosphorus. The changes in the latter that occurred in Case 11 appeared to be more definitely
related to the diet. Thus, increased intake of phosphates was followed by a definite rise in the
serum phosphorus, while subsequent increase in calcium apparently brought about a fall of
0-8 mg. per 100 c.c. It is noticeable that in both these cases the serum phosphorus was lower
at the end of the experiment than it had been originally.

Day of
Experi-
ment.

1-3

3-6

6-9

9-12

12-14

14-17

17-19

19-22

22-24

24-27

27-29
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PHOSPHORUS ABSORPTION IN CHILDREN

Showing Serum P. Curves in Feeding Experiments: 1V anid V, Normal Childrleil (Cases
VIII anid IX): VI and XVIl, Rachitic Childireni (Cases X-XII).

TABLE VI.
ACTIVE RICKETS-LATENT TETANY.

Diet.

Milk 1050 c.c.

, 1200 c.c.

,. .
,. ..

+ NaH2PO4 4 grim.

+ NaH2PO4 4 grm.

+ NaH2PO4 4 grm. + Ca. lact.
10 grm.

+ NaH2PO4 4 grm. H Ca. lact.
10 grm.

P. in mg.
per 100 c.c.

Intake. serum.

CaO. P20, Case 12.

17s 2-3 32

204 2(i6 3.6

204 54) 4.3

2*04 5.0 4.4

46 5.0 3-0

4-6 50 31

CASE 12. (Table VI.) (Chart VII.)
As in Case 8, the basic diet was whole milk, and the variations in the calcium-phosphorus

intake were similar in both cases. The serum phosphorus (which, however, was already tending
upwards) rose considerably when the phosphates in the diet were increased, but the most striking
feature of the case was the pronounced fall in the serum phosphorus (1-3 mg. per 100 c.c.) which
toQk place when the calcium intake was substantially augmented.

A disturbing factor in this instance was the appearance, on the 5th day, of Chvostek's sign.
From the 6th day onwards, the sign could not be elicited, and at no time was there any other
evidence of latent tetany, facts which will be commented upon later.

Discussion.

In interpreting these results it is necessary to bear in mind certain facts
with regard to the phosphorus content of the blood and the variations to
which, under normal physiological conditions, it is subject.

Day of
Experi-
ment.

1-3

3 -6

6-9

9-13

13-16

16-18

-

293

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.2.11.285 on 1 January 1927. D

ow
nloaded from

 

http://adc.bmj.com/


ARCHIVES OF DISEASE IN CHILDHOOD

In contrast to calcium, which varies only within narrow limits, the blood
phosphorus fluctuates rather widely. Howland and Kramer (2) who investi-
gated this factor in a number of healthy children, found the average value to
be 5'4 mg. inorganic phosphorus per 100 c.c. serum, with 7-1 mg. and 4 mg.
per 100 c.c. as the extreme values. The much lower level of phosphate in the
serum of adults (averaging, according to Howland and Kramer, 2-1 mg. per
100 c.c.) is attained not by any slow gradations, but by an abrupt fall about
the 20th year, which marks the end of the period of active bone growth (1 6).
The bearing of this fact upon the present investigation is that comparison
of figures obtained in the normal and rachitic groups would appear valid,
though the average age of the former considerably exceeded that of the latter.

It is stated by Greenwald (17) that the inorganic phosphorus of the serum
is increased after food. Experimenting on adults, he found a rise averaging
2-5 mg. per 100 c.c. in the acid-soluble phosphorus of the serum two and a half
hours after a meal containing meat, and concluded that " from the large
variations found, the content of this form of phosphorus in the serum may
be largely dependent on the character of the food and the stage of digestion."

Again, Havard and Reay (18) have recently adduced- evidence to prove
that muscular activity has an effect upon the phosphorus content of the serum.
They found that in adults vigorous exercise produced a rise averaging 10 per
cent., followed by a fall of about twice that extent, results which they attributed
to changes in the lactacidogen content of the muscles.

Lastly, since the phosphates of the serum are generally held to constitute
one of the factors by which the acid-base equilibrium is regulated, their amount
might be expected to vary on this count alone. In this connection it is, however,
interesting to note that several observers including Denis and Minot (19) and
Jones and Nye (20) were unable to establish any relationship between the
alkali reserve and the phosphate content of the blood.

In any event it is clear that the term " normal serum phosphorus " is
an elastic one, the figure varying not only from one individual to another, but
in the same individual from time to time. The questions therefore arise-
How far may the variations recorded in the present series of cases be attributed
to changes in the calcium-phosphorus content of the diet, and how far are they
the result of other factors ? It was to decide this point that the experiment
on Case 9 was carried out, the results of which are recorded in Chart V. These
appear to warrant the conclusion that under controlled conditions of rest and
uniformity of diet, the inorganic phosphorus of blood sampled at a regular
hour, varies comparatively little from day to day in the normal child. Con-
sidering then at present only the normal cases, it may reasonably be claimed
that the larger variations recorded are the direct result of changes in the
calcium-phosphorus content of the diet. This assumption is supported by
the regular trend of the figures themselves, which show that an increased
intake of phosphorus consistently gave rise to an increase in the inorganic
phosphate of the serum, and that a decline in the level of the latter resulted
in every case from the addition of calcium in excess to the diet,

294

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.2.11.285 on 1 January 1927. D

ow
nloaded from

 

http://adc.bmj.com/


PHOSPHORUS ABSORPTION IN CHILDREN

The serum phosphorus does not appear to be influenced with equal readiness
in all cases. The fall consequent upon an increased intake of calcium, though
definite in every instance, was most marked in Case 3, where it amounted to
1-2 mg. per 100 c.c. serum. In the same child, a rise of 1 mg. per 100 c.c.
followed the initial reduction in the calcium intake, though no increase had
been made in that of phosphorus. In no case was the serum phosphorus raised
definitely above, or depressed below, normal limits.

Experimients upon animals have been recor(led by Kramer and Howland (21)
and by Park, Guy and Powers (2 2) in w]hiCh was studied the influence of chaniges
in the CaO: P203 ratio of the food oni the seruim phosphate, but the fact that
gross departures from the normal were made in the diet, so that in most cases
the animals developed rickets, invalidates comparison with the resuilts of the
present investigation. Reference may, however, be maade to certain experiments
on heifers described by Meigs, Blatherwick and Cary ( 23) from which it appeared
that the addition of a calcium salt (in this case CaCI 2) to the standard ration
resulted in a reduction in the inorganic phosphorus of the plasma. This is in
agreement with the results obtained by the writer in the case of normal children,
which show that the amouint of calcium ingested uindouibtedlv influences the
plhosphorus content of the serum.

Certain differences are to be observed between the curves obtained in
the normal and in the rachitic groups. In two cases of rickets (Nos. 10 and 11)
and particularly in the former, the rise induced in the serum phosphorus during
the earlier stage of the experiments was somewhat spasmodic and ill-sustained.
The influence of an increased intake of calcium in depressing the serum phos-
phortis level was, however, very definite, andl it is to be noted that in both
instances this level was lower at the end of the experiment than it had been
at the beginning. Unfortunately no information is available as to the possible
extent of the ordinary daily fluctuations in the serum phosphorus in rickets,
since it was not found possible, during the period of study, to investigate this
point separatelv in a rachitic infant as had been done in a normal child (Case 9).

Case 12 must be considered separately, as on the third day the experiment
was unexpectedly complicated by the development of the facial phenomenon.
No other signs of latent tetany could be elicited, and on the fifth and subsequent
days, the sign was negative, though a further rise in the serum phosphorus
follomwed the addition of NaH 2PO 4 to the diet. If the case be considered one of
latent tetany, the doubt arises whether the striking drop in the serum phos-
phorus consequient upon the increase in the calcium intake may not have
been simplv the result of the therapeutic influence of calcium lactate, causing
a reversion from the blood picture of tetany to that of uncomplicated rickets.
Two considerations seem to negative this possibility. In the first place, there
had been no evidence of tetany for several days before the calcium lactate
was given; secondly, Anderson and Graham (24) in a study of the atiology
of tetany made the observation that there was no relation between the phos
phorus content of the serum an(d the appearance or disappearance of the
tetanv.
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ARCHIVES OF DISEASE IN CHILDHOOD

In this case, therefore, as in the others, the most probable explanation
of the effect of a calcium-rich diet upon the serum phosphorus is to be found
in the well-recognised fact that an excess of lime in the intestine interferes
with the absorption of phosphates by precipitating the latter in insoluble
form. Comparison between Cases 7 (normal) and 12 (rachitic) which received
practically the samne diet show s that the influence of calcium upon the serum-
phosphorus level w as much more mciarkedI in the latter than in the former, a
difference which can best be accounted for by the presumption that in the
rachitic child, owing to defectiv-e absorption of calcium, there was a relative
as well as an absolute excess of this substance in the gutt.

PART II.-STUDY OF PHOSPHORUS ABSORPTION.

In the work that remains to be described, the absorption of phosphorus
in health and in rickets was investigated by a method which promised to
afford direct informationi on the suibject. It has been shown by Klercker
and Odin (25) in a study of the genesis of so-called " phosphate tetany," that
the introduction by mouth of a soluble phosphate results in a rise in the inorganic
phosphorus of the serum. If in rickets there exists any intrinsic defect in the
mechanism of phosphorus absorption, one would expect the response of the
serum phosphorus to such a dose to be feeble or delayed, as contrasted with
that in health.

It was accordingly decided to compare the changes in the phosphorus
content of the serum in normal and rachitic children, following the ingestion
of NaH.PO,.
Method.

In order to obtain a tentative idea of the general form of curve to be
expected, a prelimiinary experiment was carried out upon the writer. Four
hours after a meal, blood with withdrawn and 6 grm. NaH2PO dissolved in
120 c.c. water w-as then taken: afterw-ards blood was collected half-hourly
for two hours. The inorganic phosphorus per 100 c.c. serum in the various
samples was found to be as follows:-(1) 3-8 mg. ; (2) 5*4 mg. ; (3) 5.5 mg.
(4) 6-2 mg. ; (5) 6-1 mg. From the information thus obtained, it was decided
to determin6e the serumln phosphorus concentration in all cases immediately
before, anid at intervals of one, two and four hours after the ingestion of
NaH2PO4. In preference to regulating the dosage by the body-weight of the
patient, the same amount (4 grm. dissolved in 60 c.c. water,) was given in every
case. An interval of at least 3 hours was allowed to elapse between the last
meal and the beginning of the experiment, and fasting was continued till
the last sample of blood had been withdrawn. In all, eleven cases were thus
tested, of whom five were normal, four suffered from florid rickets, and two
from rickets in the healing stage. As in the earlier experiments the normal
controls were convalescent children who had been admitted to hospital some
time previously; two cases with rheumatic carditis, two with bronchitis, and
one with ileo-colitis. In the cases of rickets the diagnosis was invariably
verified by X-ray examinationi.
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PHOSPHORUS ABSORPTION IN CHILDREN

Results.
The results obtainied in the three groups are collecte(d in Tables VII-IX,

and in Charts VIII-X they are presented in graphic form.

TABLE VII.

Normal Children.

Case 1. Case 2.
Age Age

7 years. 1 year.!
Wt. 18-21 Wt. 6-5

Kg. Kg.

Case 3. Case 4. Case 5.
Age Age Age

1 year. 10 years. 10 years.
Wt. 9 Wt. 24 Wt. 31
Kg. Kg. Kg.

Before NaH2PO4 . .

1 hr. after 4 grm. NaH2PO4
P. in

mg. per 2 hrs. after 4 grm. NaH2PO
100 c.c.
serum. 3 hrs. after 4 grm. NaH2PO4

4 hrs. after 4 grm. NaH2PO4

L Max. Increase

TABLE V1II.

Active Rickets.

'Before NaH2P04 . .

1 hr. after 4 grm. NaH2PO4
P. in mg.
per 100 - 2 hrs. after 4 grm. NaH2PO4

selum. 4 hrs. after 4 grm. ..

l Max. Increase

CaseCas, Case 7. ase 8. Case 9.
Age Age Age Age
1,17 1 . 1 L1

years. vears. years. years.
Wt. 8.8 Wt. 8-1 Wt. 8 Wt. 8
Kg. Kg. Kg. Kg.

3-8 2-6 32 3-3

.5 7 4-3 5-0 4.4

il ) I.{1- r.Q It _rl
. . 6 .3

Ir.54
.. 25

2 5

TABLE IX.

Healing Rickets.

FBefore NaH2P04
1 hr. after 4 grm. NaH2PO4

P. in mg.
100 c.c. 2 hrs. after 4 grm. NaH2PO4. .
serum.

4 hrs. after 4 grm. NaHI2PO4..

LMax. Tncrease ..

Mean.

5-2

6-.6

(i69

(6-0

1 -7

3.7

5-6

5.7

4-8

2.0

.5-8

8-4

8-3

6-7

26

5-3

7-2

7.5

6.9

6-6

2-2

5.2

6-8

6-7

6-3

6-2

1-6

50

6-9

7-0

6-6

6-0

2-0

Mean.

3-2

4.9

N.Iq

4-3

2 1

Case 10.
Age 1l.

Wt. 9-1 Kg.

6-0

12-0

13-0

8-5

7-0

Case 1 1.
Age 1TS

Wt. 8-4 Kg.

3-1

8-0

8-2

5-2

5-1

Mean.

4.5
10-0

10-6

6-8

6-1

D

- l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.j. -

I-.!
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ARCHIVES OF DISEASE IN CHILDHOOD

CHART VIII

Casel,aaged 7yrs (.....)
7* 2. v' yr C-)* 3. * I of
,, 4 9 10 yrs... 5 " lo n

1 2

Normal Children

CHART IX.
S,Case6, aged I rx yra,(--

I" 7. i 7,, P (_._.-

.. S?. ..1 . 4- , ,_-

9. 7,* a IX

Active Rickets.

CHART X.

Case 0, aged %2 yrs,(-)
II " (--)

Healing Rickets

CHART XM.
Normal. C-)

Active Rickets (. )
Healind 2? -

I I-

i

_

Mean Curves in
Charts. ,13 M -X

Showing Serum P'. Curve after Admniniistration per os of 4 grm. NaH,PO (Cases I-XI).

From Chart VIII it will be observed that the test yielded in every case a

curve of well defined form, with a steep rise during the first hour and a gradual
decline during the third and fouirth hours. The average increase recorded was

2 mg. P. per 100 c.c., or 40 per cent. Case 2 calls for special comment on

account of the unusually low initial level of the serum phosphate. This
child presented no clinical signis of rickets but the result of serum analysis
suggested that an X-ray examination of the wrist should be made. This
showed, however, a completely normal condition of the bones. The existence
of a subnormal phosphorus content of the blood in the absence of rickets has
previously been recorde(l. Anderson ( 3) who determined the blood phosphorus
in a large series of normal and rachitic children, found a low value in a number
of cases which failed to (levelop rickets during a period of observation; in
no case did a low value indicate the presence of rickets before other signs of
the disease had been recognised. On these grounds it was considered justifiable
to include Case 2 in the normal series.

If the curves in the normal cases are now compared with those obtained
in active rickets, it will be seen that no significant difference exists between them.
The general form of the curves in rickets is the same, the peak occurs at the
end of two hours, and the average increase is 2 mg. P. per 100 c.c. serum. In
only one instance, namely in Case 9, was the rise in the serum phosphorus
(1-2 mg. per 100 c.c.) less than in any of the normal cases. Against this may
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PHOSPHORUS ABSORPTION IN CHILDREN

be set the fact that in Case 8, which presented clinical and radiographic signs
of the most severe rickets, an increase of 2-5 mg. P. per 100 c.c. serum was
induced, which compares very favourably with the average of 2 mg. per 100 c.c.
in the normal group. Briefly, it may be said that in these cases of rickets the
serum-phosphorus curve, except that it was transposed to a lower level,
differed very little from that of healthy children.

Strikingly different results were yielded by the cases of healing rickets.
One of these (Case 10) had been under treatment in hospital for some time,
and showed every sign, clinical and radiographic, of rapid healing; the other
(Case 11), showed a mild degree of rickets, and here also, X-ray examination
showed that recovery was taking place. In both cases administration of 4 grm.
of NaH,2PO4 produced within an hour an enormous increment in the serum
phosphorus, which in another hour had still further slightly increased. There-
after, a sharp decline in the curve showed that the excess was being rapidly
removed from the blood. . Of the two cases, No. 10, in which healing was
further advanced, exhibited the greater rise, amounting to 7 mg. per 100 c.c.
serum.

In Chart XI the mean curves in the three groups have been assembled for
easy comparison, and the fact that by far the greatest rise was found in healing
rickets is clearly brought out.

In the foregoing the validity of comparing results in children of widely
differing weights may be questioned, since all received the same dose of
NaH2PO ', but it should be noted that in the normal children there was no
apparent relation between the body-weight and the extent of the increase
in the serum phosphorus, as reference to Table VII will show. Thus in Case 4,
with a weight of 24 kg. there was recorded a rise of 2X2 mg. per 100 c.c., while
in Case 2 weighing only 6X5 kg. the corresponding figure was 2 mg. per 100 c.c.
It is probable that in tests of this kind with soluble phosphates as in those
with glucose (26), regulation of dosage by weight is of doubtful importance,
since increase beyond a certain point in the amount ingested does not lead
to a proportiona-te increase of the substance concerned in the blood.

Reference has been made to the fact that the children on whom these
experiments were carried out had in every case fasted for at least 3 hours
previously. This condition was observed in order that the absorption of the
phosphorus itself might be tested, influenced as little as possible by the presence
of any unabsorbed calcium in the stomach or upper part of the intestine.

As has been pointed out elsewhere, conclusions regarding internal meta-
bolism which are based upon the results of analysis of the peripheral blood
must be accepted with a certain degree of reserve, influenced as they necessarily
are by multiple and often incalculable factors. Thus in the experiments
described, the changes in the concentration of phosphorus in the serum
depended not only upon the rate of absorption from the gut but also upon the
rapidity with which the excess phosphate was removed from the blood by the
tissues, and in particular bv the kidneys ; but in the absence of evidence of any
abnormality in the rate of excretion of phosphates. it is perhaps not uinreasonable

D2
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ARCHIVES OF DISEASE IN CHILDHOOD

to regard the extent of the increase in the serum phosphorus following the
ingestion of NaH.PO , as an approximate measure of the absorption of that
substance. If this be conceded, the foregoing experiments may be said to
show (1) that in active rickets there is not necessarily any defect in the absorp-
tion of phosphorus, since in four cases studied the latter was found to be, on
the average, equal to that in healthy children; (2) that in healing rickets
the absorption of phosphorus may be three times as great as in health.

The latter observation is in accordance with the results of metabolism
experiments recorded by Schabad (11), and other observers (8a) which show
that the healing stage of rickets is characterized by an abnormally high balance
of calcium and phosphorus, sometimes 60 per cent. to 80 per cent. of the quantity
ingested being retained, or roughly twice the normal amount.

SUMMARY.
In a study of the inorganic phosphorus of the serum, and the manner of its

response to variations in the calcium-phosphorus intake, in eight normal and
three rachitic children, the following observations were made.

A diet poor in calcium, and rich in phosphorus gave rise to an increase,
though not beyond normal limits, in the phosphorus content of the serum.

Subsequent addition of calcium in excess to the diet induced a fall in the
serum phosphorus, an effect which, while definite in every case, was more
marked in the rachitic than in the normal children.

It was thus shown that in the cases in question the serum phosphorus was
undoubtedly influenced by the amount of the calcium intake, excess of the
latter being equivalent in effect to a diminished supply of phosphorus. The
fact that the effect of calcium excess was greater in the rachitic children may
be explained in the light of the hypothesis that in rickets, owing to defective
absorption of calcium, the normal deterrent action of this element on phosphorus
absorption is intensified.

The phosphorus absorptive power, as indicated by the rise in the inorganic
phosphorus of the serum following the ingestion of 4 grm. of NaH,PO , was
separately investigated in 11 children of whom 5 were normal, 4 suffered from
active rickets and 2 showed healing rickets.

It was found that in the cases of active rickets the average absorption
was the same as in the healthy children, while in those of healing rickets it was
abnormally high.

From a few examples, however apparently convincing, it is impossible
to gather any general conclusion, but interest attaches to the foregoing results
in that they are in keeping with the hypothesis of defective calcium absorption
in rickets, while with the view that phosphorus metabolism is primarily at
fault, they are directly at variance.

The work described in the preceding pages was carried out in the Royal
Hospital for Sick Children, Glasgow, and was undertaken at the suggestion of
Professor Leonard Findlay, for whose encouragement and valuable help the
writer is deeply grateful.
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