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Dr Etzioni and Dr Benderley comment:
We agree with Lapatsanis et al. that cystic fibrosis should
be included in the differential diagnosis of unexplained
hypochloraemia. On the other hand, we do not think that
one should exclude cystic fibrosis in cases of water
intoxication, as was our case.

In the case reported by Lapatsanis et al., and in the case
reported by Barbero and Sibinga,l the patients suffering
from cystic fibrosis who showed hyponatraemia and
hypochloraemia also had severe dehydration. The reason
for the hyponatraemia was excessive loss of fluids
containing large amounts ofsalt.

In water intoxication the situation is the opposite. These
children are overhydrated and not dehydrated. While
correcting abnormal electrolytes in our patient, she also
lost 5% of her body weight. She had dilutional hypo-
natraemia.

Thus, when dealing with hyponatraemia and hypo-
chloraemia in patients suffering from water intoxication,
one does not have to rule out cystic fibrosis if the patient
is overhydrated and not dehydrated.
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Effect of puberty on rates of bone
growth and mineralisation
Sir,
In their recent paper Krabbe et al.1 described a prolonged
acceleration of bone mineralisation in girls and boys
towards the end of their pubertal growth spurt in height
and after it. The data on which this finding rests were
obtained by measuring bone mineral content in the
forearm. As growth in width (or cross-sectional area) of
the long bones is considerably slower by that time,2 it
seems reasonable to suggest that most of the increase in
bone mineral content is due to a greater degree of
mineralisation (or mineral density) of bone tissue.
To explain the prolonged increase in bone mineral

content Krabbe et al.' invoked the action of several
hormones, but I feel this is not quite correct. In periods of
rapid growth-such as during the pubertal growth
spurt-bone tissue turnover is high, as shown by the
high level ofplasma alkaline phosphatase3 which indicates
an increased rate of bone formation, and the high rate of
excretion of hydroxyproline,4 which indicates in-
creased bone resorption. This increased formation
and resorption of bone and the pubertal growth

spurt all depend on the change in endocrine activity
which is the hallmark of puberty. However, the
prolonged increase in bone mineral content occurs at the
end of the period of increased turnover and beyond it and
therefore must be caused by a different mechanism.
When bone turnover is high, a large proportion of the

bone tissue consists of new, incompletely mineralised
lamellar bone of low mineral density.-6 After growth in
stature is complete, rates of bone accretion and resorption
diminish sharply, and the mineral density of the bone
gradually increases by secondary mineralisation of the
incompletely mineralised new bone.7 This process is
responsible for the increase in bone mineral content. It is
dependent on the physicochemical properties of bone
matrix and bone mineral, and there is no evidence that
bone mineral content increases by the action of endocrine
substances in the manner suggested by Krabbe et al.1
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Dr Krabbe and co-workers comment:
We thank Dr Steendijk for his interest in our paper.1 His
main point is that the prolonged phase of accelerated
mineralisation that follows the pubertal growth spurt is
determined by local factors-that is the physicochemical
properties of bone matrix and bone mineral. Teleo-
logically, this view is a very restricted one. In our opinion
it is not likely that local bone factors alone take care of the
intense mineralisation of the entire skeleton. More than
half of all the minerals finally deposited in the skeleton
have to traverse the blood stream within the relatively
few years after the pubertal growth spurt.1 This task,
ideally, should be governed by one hormone which
produces the bone matrix and keeps the supply ofminerals
at a suitably high level. In a forthcoming paperwe present
a unifying concept ofbone growth and mineralisation, and
describe blood mineral homeostasis during childhood and
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Figure A unified concept ofthe main actions involved
in blood mineral homeostasis and bone formation
and mineralisation during childhood (A) and adolescence
(A +B).

GH = growth hormone, SM = somatomedins, PTH = parathyroid
hormone. 1,25-(OH)2D3 = 1,25-dihydroxy-vitamin D3, TRCa and
TRP = tubular reabsorption of calcium and phosphate, IACa
and IAP = intestinal absorption of calcium and phosphate, and
Ca x P = calcium x phosphate ion activity product in plasma. Lines
indicate stimulation and the dashed lines inhibition.

adolescence (S Krabbe et al., in preparation). We
consider growth hormone is the true endocrine governor
of enchondral and periosteal bone growth and of
endosteal remodelling, as well as of mineralisation
(Figure). Growth hormone maintains the calcium x
phosphate ion activity product at a suitably high
level as long as it delivers bone matrix for mineralisa-
tion at an accelerated rate. This concept is based on
recent observations that strongly suggest direct stimu-
latory actions of growth hormone on the parathyroids2
as well as on the production of 1,25-dihydroxy-vitamin
Ds.35 As gonadal hormones seem to promote growth
hormone secretion,6-7 we now believe that they exert
their main promoting action on adolescent bones and
blood minerals through this mechanism. They may also
promote periosteal bone formation, either directly or
through promotion of skeletal muscle development. We
ask you to consider this as a preliminary presentation of
our unifying concept as it is impossible within the limited
space of a letter to refer adequately to most of the clinical
and experimental evidence on which the concept is
founded.
Dr Steendijk also comments on the interpretation of

the declining levels of serum alkaline phosphatases after
the growth spurt. We have discussed this phenomenon in
greater detail recently.8 It seems likely that this decline
reflects two opposite changes, at least initially. (1) A
striking reduction of enchondral bone growth, probably
caused by a direct action of gonadal hormones on the
epiphyseal growth plate. (2) A moderate increase in
periosteal bone formation. We thought that this might
result from a direct action of gonadal hormones on the

conversion of periosteal fibroblasts into osteoblasts.8
However, in the light of our unifying concept this action
may well be exerted through the stimulation of growth
hormone secretion. In the adult dog9 and man10 growth
hormone is known to promote periosteal bone formation.

References

Krabbe S, Christiansen C, R0dbro P, Transb0l I. Effect of
puberty on rates of bone growth and mineralisation. With
observations in male delayed puberty. Arch Dis Child
1979; 54: 950-3.

2 Lancer S R, Bowser E N, Hargis G K, Williams G A. The
effect of growth hormone on parathyroid function in rats.
Endocrinology 1976; 98: 1289-93.

3 Spanos E, Barrett D, Maclntyre I, Pike J W, Safilian E F,
Haussler M R. The effect of growth hormone on vitamin
D metabolism. Nature 1978; 273: 246-7.

4Eskildsen P C, Lund Bj, S0rensen 0 H, Lund Bi, Bishop
J E, Norman A W. Acromegaly and vitamin D metabo-
lism: effect of bromocriptine treatment. J Clin Endocrinol
Metab 1979; 49: 484-6.
Brown D J, Spanos E, Maclntyre I. Role of pituitary
hormones in regulating renal vitamin D metabolism in
man. Br MedJ 1980; i: 277-8.

8 Martin L G, Clark J W, Connor T B. Growth hormone
secretion enchanced by androgens. J Clin Endocrinol
Metab 1968; 28: 425-8.

7Frasier S D, Hilburn J M, Smith F G, Jr. Effect of
adolescence on the serum growth hormone response to
hypoglycemia. JPediatr 1970; 77: 465-7.

8 Krabbe S, Christiansen C, R0dbro P, Transb0l I.
Pubertal growth as reflected by simultaneous changes in
bone mineral content and serum alkaline phosphatase.
Acta Paediatr Scand 1980; 69: 49-52.

9HarrisW H, HeaneyR P, Jowsey J, et al. Growth hormone.
The effect on skeletal renewal in the adult dog. I. Morpho-
metric studies. Calc Tiss Res 1972; 10: 1-13.

10 Riggs B L, Randall R V, Wahner H W, Jowsey J, Kelly
P J, Singh M. The nature of the metabolic bone disorder
in acromegaly. J Clin Endocrinol Metab 1972; 34: 911-8.

S KRABBE
Department ofPaediatrics,

Frederiksborg Amts Hospital,
DK3400 Hillerod, Denmark

C CHRSTIANSEN
Department of Clinical Chemistry,

Glostrup Hospital,
DK2600 Glostrup, Denmark

P R0DBRO
Department of Clinical Physiology,

Aalborg Sygehus (Syd),
DK9000 Aalborg, Denmark

I TRANSB0L
Division of Endocrinology,

Department of Internal Medicine,
Hvidovre Hospital,

University Hospital of Copenhagen,
DK2650 Hvidovre, Denmark

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.55.8.655-b on 1 A

ugust 1980. D
ow

nloaded from
 

http://adc.bmj.com/

