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PREFACE

The investigations on whieh this thesis is based
were carried out in the Wards and Biochemical Laboratory of
the Royal Hospital for Sick Children, Glasgow. Part of the
work was completed during the tenure of a Muirhead Scholar-
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and the staffs of the Biochemical and Radiological Depart-
ments. To the Houée Physiciané, Ward Sisters and Nurses,
who attended.to the children‘included in this survey I also |
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HISTORICAL SURVEY.

The year 1843'éaw the first mention of softening
of the craniasl bones in infants, when Carl von Elsdsser (1)
published a detailed account of what he called "craniotabes
infantum”. In a trénslationhof part of the work made by
Ruhrah (l)_it is aﬁsa;ent that Elsf#sser concluded that
éhildren so affected were rachitic, thet is, they were late
in standing and walking, were prone to infection and closure
of the antefior fontanelle was delayed. He also remarked on
their susceptibility to cdnvulsions and iaryngismus stridulus
which he asserted was due to pressure upon the craniasl con-
tents. In sueh children the skull became softer during the
fourth month of life; +this softening was followed by a thin-
ning of the hbone on the posterior aspéct of the skull.
Attention was drawn to the fact that the thinning might be
more marked on one side of the roipital region than on the
other. It is probably this type of softening which today is
associated with, and by many considered pathognomonic of
rickets.
| | Subsequently in 1850, the presence of craﬁial
softening at an earlier age was noticed by Bednar (2) and was
confirmed ten years later by Broca (3) and by Freidleben (4).
This cranial defect, which was present‘at birth a2nd therefore
congenital in origin, was found by Broca most cohmonly in the

area/
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area including the central point of the pgriefal bones and
was thought by him to be ﬁue to incomplete ossification,
while Freidleben found that the mineral content of the °
affected bones was diminishedf'-

Kassowitz (5) working at the same time, concluded
that all types of skull softening were of rachitic origin,
his deductions being based on the following observations.
Skull softening present at birth showed a seasonal incidence,
occurred most ffequently in urban districts and was followed
by enlargement of the epiphyses. He therefore named the
condition congenital or true craniotabes, and noted that it
was positively affected by a poor maternal diet. This work
appeared in the light of the medical knowledge of the wveriod
to be confirmed by Spietschka (6) who claimed to have cured
- skull softening present at birth by the administration of
prhosphorus. He also stated that the site of the softening
depended on intrauterine pressure.

| It was left to Rehn (7) and Bohn (8) while making
genefal surveys of cranial softening, to advance the theory
that several aetiological factors might influence the
~ appearance of suchvsoftening and the following classification
was made:-

&) Congenital softening, non-rachitic in origin, which.

disappeared between the ages of 2 and 3 months.

t)/
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b) Rachitiec softening'similar to that described by
Els#sser (1) which appeared at the end of the fourth
month. |

The histology of skull softening was first investi-
gated about this time by Pommer (9) who found that soft
skulls showed osteoporotic '‘changes in the affected areas,

His work with that of Rehn and Bohn appears to have been
almost generally ignored at first and the theory of
Kdssowitz (5) remained practically unchallenged for the
ensuing thirty years.

Barlow and Bury (10) while describing rachitic
changes in the skull, included asvsigns the late ossification
of fhe sbft margins of the skull bones and, at a later date
than is found in normal children, the presence of small bones
between the parietal and occipital bones. ° They believed
that craniotabes was rachitie in origin if the term referred
to flexibility of the parietal and occipital bones. In
discussing the causation of iaryngismus stridulus they dis-
agreed with von Elsisser (1) and thought that relationship
existed between craniotabes and laryngismus stridulus only
on account of their having the same aetiological origin.

They also referred to foetal rickets which they believed with
Kassowitz (5) was a clinical entity, and described a foetus
they had seen thch displayed multiple fractures which they

thought/
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thought were due to rickgts. The ppésibility that these
lesions ‘may have been due to fragilitas ossium arises. They
suggested, however, that some of the reports of severe
foetal rickets previously published might have referred to
achondroplésia.

In the same year Henoch (l;) raised the question of
the possibility of foetal rickets being due to deficient
ossification while Mason (12) deseribed an infant who showed
almost complete absence of the parietal bones which might be
regarded as a gross example of delayed ossification. While
discussing craniotabes, Henoch described thinning of the
skull bonies near the lambdoidal suture which was present in
early infancy. Pressure over these areas gave a crackling
sensation. In some instances these areas disappeared as
what he termed delayed gssification progressed, but following
this statement he admitted that rachitic changes might exist
elsewpére. Despite this he concluded that the softening
was physiological in origin and quoted Freidleben's (4)
findings. He also descéribed skull softening which he con-
sidered to be rachitic in origin and which appeared first
between the third and fourth month of life. He mentioned
that in these infants the sutures were widely separated and
the bone bordering them soft. o

Lee (13) in 1894, described skull'softening during
the/ | |
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the first few months of life as'being’due to irregular
development from the centres of ossification and also'perhaps
to Qone absorption.

In Hoblyn's Dictionary (14) published in 1892,
craniotabes was described by Price as being localised soften-
ing of the cranium, which yiélded like cardboard and occurred
in rickets. |
| Thet rachitic skull changes might appear in
different areas ofvthé head was suggested by Cohn (15) who
inferred that such lesions comprised softening either in the
océipital region in proximity to the parietal bones, or
around the anterior fontanelle; when the latter area was
affected the softening occurréd after birth.

From the foregoing reporfs and extracts it 1is
apparent that great diversity of opinion existed as to what
relationship there was between cranial softeniﬁg and rickets
and as to what aetiological factors were associated with
skull softening of all types. Some slighf elucidation of
the problem has resulted from reports of recent work which
in some instances has combined cliﬁical, biochemical and
radiological examinations. Some of theée results will now

be referred to.
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SURVEY OF RECENT WORK.

-

In an attempt to clarify the results of redenf_
<investigations, they .are classified according to the con-
clusions resulting from them, namely, findings suggesting:-
1. That éongenital and early skull softening is of

" non-rachitic origin, while late softening is rachitiec.
2. That early softening is non-rachitic.

3, That early softening is rachitic or pre-rachitic.

4., That late softening is non-fachitic.

5. That late softening is rachitiec.

6. That all softening is rachitic.

The term craniotabes is employed bélow only where
the authors have used 1t without giving a description of the
precise skull changes.

In assessing thé value of radiological and bio-
chemical findings, it is accépted that definite radiological
changes are not apparent in the early stages of rickets.
Likewise, as Wimberger (16), Hess (17), Stearns et alii (18)
and Howland and Kramer (19) amongst others have shown, the
biochemical findings are not always indicative of the
activity of the rachitic process. . Consequently proof of
the presence or absence of rickets cannot be based on the
results of one of these examinations alone.

1. That congenitsl and early skull softening is of non-

rachitic origin while late softening is rachitic.

wieland/
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Wieland (20) (21) in 1910 reported his findings
based on clinical and histological examinations and formed
a dual conception of skull softening. In examining newborn
infants he found that 11 per cent showed congenital cranial
defects. 'These defects were most commonly situated in the
parietal bones, in the region of the sagittal suture. As
the infant developed, these areas either disappeared enfirely,
disappeared and later showed evidence of softening, or showed
a gradual inerease in thé area of softening which became the
site of rachitic craniotabes. This congenital softening
whidh displayed no seasonal incidence was due, he thought,
to rapid growth of the skull after birth associated with
poor calcification. The areas affected showed no over-
growth of osteoid tissue such as occurs in rachitic bone
changes. Although he concluded that softening present at
birth was not a factor predisposing to the development later
of what he considered to be rachitic skull changes, he stated
that shoﬁld such softening supervene in infants who had soft
skulls at birth it was more severe in intensity. His
findings were later confirmed by Comby (22) who also con-
sidered thet softening, occurringAlater in infancy might be
rachitic in origin.

This dual conception was also held ﬁy Huenekens
(23), Davidson (24), Sanctis (25) and others. Huenekens

claseified/
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classified skull softening as congenital, physiological
softening occurring up to the age of 2 months and rachitic
softening which appeared from that age up to 6 months.

The discovery of the blood changes present in
rickets was followed by numerous estimations of the blood
calcium and phosphorus in infants with skull softening.

Hess (26), believing that softening could be either rachitic
or noﬂ—rachitic in origin, was of the opinion that, if
rachitic softening occurred before 5 months of age, it
should not be used in the diégnosis of rickets as at that
age‘it was easily confused with congenital softening. This
congenital softening he thought was due to a physiological
osteoporosié. He stated that serum phosphorus values were
found to be within normal limits in infants under 6 months
who had skull softening of the type which he considered to
be rachi%ic in origin. This softening, which occurred as
small discrete areas in the occipito-parietal region, was
present in 30 per cent of infants aged 3 months, but occurred
in only 10 per cent at 6 months. From these findings it
appeanrs that no definite distinction cen be made between
non-rachitic and rachitic softening. |

Barenberg and Bloomberg (27) limited their investi-
gations to infanfs showing softening of the parietal or
upper occipital regions and did not include softening slong

the/
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the sagittal suture. In these infants such softening was
found from the age of 2 weeks up to 12 months; 68 infants
under 4 months showed softening and of these one only, aged
14 weeks, had radiological evidence of rickets, while one,
aged 8 weeks, had what they considered to be a low inorganic
blood phosphorus (3.7 mgm. per cent). -Of 28 children over
4 months with craniotabes, 21 had rickets as judged by the
saﬁe criteria. They concluded therefore that such soften-
ing may be rachitic or non-rachitic in origin, and stated
that it is intimately connected with rickets in infants over
4 months of age. ‘
2. That early skull softening is non-rachitic.

It has been shown by many workers, Huenekens (é}),
Langstein (28), Capper (29) and Rosenstern (30) amongst
others, that rickets is more prone to develop in premature
infants. This fact was therefore used by Rosenstern (30)
in order to show whether skull softening preseht at birth
was rachitic in origin. He found localised circumscribed
- areas of softening less common at birth in premature infants
and concluded thérefore that such softening was non-rachitic
in origin. Toverud (31), however, found that although twins
and premature infants had hard skull bones at birth, these
bones rapidly softeﬁéd. ~ This supported the belief that
early softening was due to osteoporosis resulting from rapid

eXxransion/
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expansion of the ‘skull bones.A Still (32) expressed the
opinion that softening of the edges of the parietal and
occipital bones in infancy-was due to delayed ossification.

\ “Levinson (33) wrote that céd liver o0il admini-
stration resulted in the disappearance of craniotabes in 4
children th were all over 4 months of age, and there is no
mention of a cure being effected at an earlier age. The
author, however, does not state whether he thought that
softening was rachitic in origin.

Wilson and Kramer (34) found fhat the blood
chemistry of infants upder 4 months with skull softening
showed no evidence of active rickets. Bang (35) (36) found
no relationship between the blood phosphorus value at birth
and the presence of congenital softening. He also found
that histological examination of the long bones of infants
with such softening showed bone atrophy and that the thin
areas of skull bone were osteoporotic._

The belief that early skull softening was in no
way associated with rickets was also held by Hughes (37)
who considered that such softening was due to antenatal and
post-natal mechanical action associated withndecalCification.
He ventured the suggestion that maternal dietary deficiencies
resulted in the decalcification present. No histological
examination, howeﬁer, has supported this theory of

decalcification/
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decalcification. He aiéo remarked that qgchitic changes
frequently occurred in infants with soft’ skulls. Toverud
and Toverud (38) proved from the résults of metabolism
experiments which they conducted on pregnant women, that
congenital softening was due to a lack of calcium in the
maternal diet during pregnancy. Reiss and Boder (39)
investigating the relationship between the occurrence'of
"congenital osteoporosis" and the maternal diet during
pregnancy, were unable to confirm these findings. Regarding
the incidehce of congenital softening, Reiss and Boder found
that such softening exhibited a seasonal incidence the peak
of which preceded by three months that of what is termed
rachitic craniotabes. They therefore concluded that a
definite relationship existed between the two types of
softening, but did not suggeét what it might be,

3. That early softening is rachitic or pre-rachitic.

The belief that early softening is due to rickets
is associated with the probiem of whether foetal rickets is
accepted as a clinical entity. Both Schmorl (40) and
Weiland (20) found no histological evidence of rickefsvat
birth while Hess‘and Weinstoek (41) discovered no radio-
logical changes sﬁggestive of rickets; this latter evidence,
however, as has been mentioned previously cannot be recog-
nised until several weeks after the rachitic changes have

commencea/ ’
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commenced. Freer (42) has remarked that infants with osteo-
genesis imperfeéta may have been diagnosed as foetal rickets.

Maxwell, Hu and Turnbull (43) on the other hand
have described rachitic changes present at birth in infants
born to osteomalacic women, and Rector (44) described an
infant aged 2 days who showed evidence of rickets at post-
mortem examination.

Although rickets has seldom béen shown to occur at
birth, it appears that prenatal factors have a possible
influence on its development. While not going so far as to
state tﬂat rickets might occur congenitally, Byfield and
Daniels (45), experimenting in‘rats, found that a maternal
diet, low in Vitamin D, résulted'in.the early occurrence of
rickets in the young, while Toverud and Toverud (38) obtained
similar results in dogs.

Macciotta (46) found that rickets was more liable
to develop in the child where the mother had lived under poor
hygiepic conditions and had been taking an unbalanced diet,
while Jundell and Magnusson (47) have stated that the blood
phosphorus level at bifth varies according fo whether or not
the mother has been receiving additional amounts of Vitamin
D during her pregnancy. |

Jungwirth‘(48) and Recfor (49) have both reported

cases illustrating the positive effect of repeated rregnsncies

on/
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- on the development of rickets in the child.

Rachitic changes, as previously stated, have also
been shown to occur frequently in rremature infants. The se
have been thoughf to be due paftly to deficient calcium
storage in the foetus, as this storage occurs mainly during
the last two months of gestation. Hamilton (50) has shown
from the results of metabolism experiments conducted on pre-
mature infants that, although the calcium retention may be
adequate after birth in these infants, they are liable to
develop rickets.

From these investigations it is appafent that,
although the presence of foetal rickets has seldom been con-
clusively demonstrated, there appears to be a ﬁrenatal factor
associdted with the development of rachitic changes.

Though not classing congenital Skull softening as
being rachitic in origin, Abels and Karplus (51) believed
that such softening might be pre-rachitic. In an extensive
survey they found it present in 84 per cent of newborn
infants, and described the skull as being soft wifh sutures
and fontanelles open; that is, it showed evidence of
deficient ossification.

Korenchevsky (52) found that 50 per cent of
children with soft bones at birth showed signs of rickets

later. Of the infants who had craniotabes at birth, i.e.

57
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5. per cent of the infants examined, 95 per cent later
develoved Tickets, - o
4, That léte softeﬁing is non-rachitic. .

" In considering skull softening which occurred
later in infancy, Wilson énd Seldowitz (53) differentiated
between suture softening, which they dismissed as bearing
no relatioﬁship to rickets, ana investigated the type of
glull softenihg which gave the skull softening a membranbus
0r crackling sensation and concluded that this type of
softening was non-rechitic in origin and that its occurrence
was coincidental with that of rickets. Jacobi (57) later
confirmed these findings, while Hess and Lewis (58) and |
Gerstenbergér (59) found that craniotabes may even increase
in severity while the infant is receiving cod liver oil.

Rapoport et alii (60) found craniotabes present
in infants who at no time displayed radiological evidence
of active rickets, whereas 41din (61) stated that he
examined 100 rachitie infants and none had craniotabes.
Kasshara et alii (62) found that such softening was non-
rachitic in origin and recently it has been suggested by
various authorities - Rustung (63), Roddy et alii (64) -
that the clinicel findings which sere commoniy concidered to
e evidence of mild rickets, e.g. craniotabee; cranial ‘

bossing/
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bossing, slight brdadening of the epiphyses and eﬁlargement
of the cosfo-chondral~junctions, may be physiological in
'origin.. Jundell (65) also conSidefed it to be physiological
hypoplasia. |
5. That late softening is rachiﬁic.

Skull softening present in the later months of
infancy is regarded by most workers as being pathognomonic
of rickets, but it is remarkable that comparatively little
work has been done to substantigte this view. Langsfein
(66) writing in Abt's Paediatrics, was of the opinion tﬁat
rachitic craniotabes was frequently found between the ages
of 3 and 4 months, while Dalyell and MacKay (67) in their
Vienna report, concluded that softening occurring in the
occipito-parietal region in children over 3 months was
rachitic in origin. Da&idson and Merritt (68) write that
the general consensus of opinion is fhat central softening
occurring after the third month.is péthognomonic of rickets.

Although his deductions were incorrect when he
said that rickets was cured by semi-starvation, Jundell
(69) appears to have been the first to investigate the fact
which was suggested indirectly by Glisson (70) that the
appearance of rickets bore a relationship to the rate of
bone growth. In his publication he quotes the case of two
infants éged 4 and 7 months with rickets end softening along

the/
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the lambdoidal shtures who were treated by.semi—st&rﬁétion.
The skull softening disappeared simultaneously with the
recoénised signs of rickets.

That craniotabes is definitely a sign of rickets
in older infants was believed by Rhoads et a2lii (71) and by
Eliot (72) amongst otﬁers. Eliot investigated the curative
properties of cod liyer 01l and of sunshine in the tréatment
of rickets. Skull softening was the only physical sign
which, appearing alone, was taken as sufficient evidence on
which to make a diagnosis clinically of rickets. Some
dubiety aé to her exact conception of rachitic skull changes
arises from the statement‘tﬁat "anless the softening extended
into the bodies of the cranial bones it has not been con-
sidered sufficient evidence for a diagnosis". It must also
be noted that all the infants referred to showed evidence of
rickets radioclogically, and consequently the diagnosis was
not made on the presence of craniotabes alone.

Brun (73), Williams (74) and Hess and Lundagen
(75) found = seésonal variation in the inorganic blood phos-
phorus in infants, the lowest valué occurring in February
and March, the months when skull softening in older children
showed its maximum prevalence. This seasonal variation is
similar to that of rickets and supports the belief that
there is possibly a relationship between the two conditioms.

Bliot/
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Eliot and Jacksdﬁ (76) comparing two groups of
children living under different climatic conditions, found
that craniotabes occurred more frequently in the group dis-
playing the higher incidence of rickets. Guild et alii (77)
reported a case of rickets which occﬁrred in a child of 17
months and mentioned that she had craniotabeé.

6. That all skull softening is rachitic.

Marfan (78) after making histological examinations
of affected skull areas, stated that all skull softening was
rachitic, and in keeping with his theory concerning the
aetiology of rickets inéluded it as a manifestation of
syphilis. This conception was upheld by de Stefano (79).

-Sehwartz (80) compared the prevalence of skull
soffening in coloured and in white children end concluded
that such changes whether congeriital or acquired were rachitic
in origin as they were more common in coloured children - 79
rer cent and 39 per cent respectively. In infants under 1
month, 6 per cent had craniotabes.

Moore and Dennis (81) were of the opinion that con-
genital softening which appeared first round thé mastoid
foramina and occipital regions was rachitic in origin. This
softeniné was localised and did not invdlve either the vertex
or the suture edges. Such softening which we must presume
was present'at birth or appeared shortly after birth, was

rresent/
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present in 120 of 193 infants examined in the first year of
life., Ifs presence was used te diagnose rickets when few
other clinical signs were apparent; that is, in infants
under 5 moﬁths of age. The rachitic origiﬁ of such soften-
ing was based on the fact that it displayed a seasonal
incidence, was more prevalent in the absence of adequate sun-
shine, was cured by fhe administration of Vitamin D and
occurred in the bonelWhich showed the maximum rate of growth
for that age period. The authors also commented on the fact
that softening was followed by definite rachitic changes
elsewhere,

On considering the conclusions of the varioﬁs
authors, it is apparent that there is frank disagreement
amongst them concerning the various aspects of craniotabes.
The following investigations>were thus undertaken in order
to discover in.which areas of the skull bones softening may
be found and to investigate the aetiology of such softenihg

and its possible relationship to rickets.



L
.
e

. RN
; .
.
.
Yo

Parr u

A




- 19 -
PRESENT INVESTIGATION.

Nine hundred and seventy—two children, below the
age of one year, were examined and are included in this sur-
vey. Ihese infants were either in-patients or attended the
opt-patient department of the Royal Hospital for Sieck Children,
Glasgow, within the year commencing lst October 1941, and in
the majority of the cases the home wﬁs either in Glasgow or
in the surrbunding district. The primary attendance at
hospital was, in the ¢ase of 40 of the infants, due to minor
surgical conditions, e.g. phimosis, hernia or minor injuries
which did not affeet their generai health and nutrition. In
the remaining 9%2 instances, the infants were seen in the
Medical Department with various complaints, the majority of
the infants suffering either from ﬁpper respiratory infedtions
or gastro-enteritis. As is generally believed and indeed
was mentioned in the first recognised descrirtion given by
Whistler (82) of rickets, these infections are more liable
to occur in rachitie infants. It may bg concluded there-
fore that a higher proportion of rachltlc 1nfants will have
been examlned than would have been found in a survey of a
cross-section of the infant population of Glasgow and its

environs.
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CLASSIFICATION OF TYPES OF SKULL SOFTENING.

Method of Examination:-

The infant was laid on his back and the examiner's
thumbs placed in the region of the supra-orbital‘crests,
while the palms of the hands‘embraced the sides of the head
whiech was thus held firmly in position. With the fingers
spread over the occiput, moderate pressure was applied to all
areas of the vault of the skull in turn and any point at -
which the bone yielded to pressure was noted. Pressure
appeared to cause slight pain, which was probebly due to the
susceptibility of the pericranium to pressure.

As has been seen from the work done in connection
with skull softening, the character and extent of such
softening show great variations and it is therefore diffi-
cult to form eriteria on which-to base a diagnosis. As a
result of the exemination made in this survey the following
classification was evolved.

a. Softening which may be described as yielding of the
whole or a large ﬁart‘of the bone on the application of
pressure. These areas when they affect only part of the
bone have ill-defined edges and gradually merge with the
surrounding firm bone. This SOftening is found especially
in the parietal bones and less frequently in the occipital
and frontal bones and probably includes what has been termed

vertex/
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vertex softening. ’ '

b. Secondly, softening bccurring along the sutures but
not extending into the bodies of the bones. The most ccmmon
point at which this softening may be found is at the asterion,
that isl at the juncfion of the occipital, parietal and
temporal bones; it may also occur along the coronal and
sagittal sutures.

c. The third type may be described as localised circum-
scribed areas in the skull bones which yield to pressure and
are surrounded by hardened bone. - These areas exist‘in the
.occipital,or rarietal bones. To this variety of softening
the term craniotabes is,subsequéntly applied,

All three types, of softening maey be unilateral.

[
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PREVALENCE OF SKULL SOFTENING.

" The prevalence of skull softening in 972 iﬁfants

examined and the relative frequency  of the warious types are

.

shown in Table I.
Table I

ShoWing the prevalence of skull
softening in 972 infants aged
“under 1 year.

T
Number Per Cent
Infants examined........ 972
Infants with skull
softening of any
typeo........-.......- 414’ 4'3
Infants with generalised
skull softening ...... 19 2
Infants with suture
softening...vveeeeeenn 135 14
Infants with generalised
skull softening and
_suture softening...... 12 : 1
Infants with localised
skull softening.
(Craniotabes).c.evvsns 248 26

Skull softening, irrespective of its type was
present in 414 of the 972 infants examined, i.e. 43 per cent,
and in considering the various types, it is seen that ceranio-
tabes wa's most commonly met with. It occurred in 248, i.e.

26/
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26 ber cent, while suture and general skull softening'
occurred separately or together in 15 and 3 per‘cent'pf the
infants.

As there are no arbitrary facts governing the
diagnosis of skull softening,; it is difficult to compare
these results with those of other workers. Moore and Dennis
(81) workiﬁg in Portland Oregon, where the climatic con-
ditions are said to be comparable with that of the Western
coast of Scandinavia, that is, comparable with the West
goast of Britain, examined 193 unselected infants during the
first year‘of life and found that 120 of them developed skull
softening. This skull softehing probably comprises all
three types classified above. As the infants were examined
several times during the first year of life, it 1is not
possible to compare the results accurately with the present
series. It appears, however, thet of the 193 infants, 7O
at least developed softening after their first visit, and
the results therefore are roughly comparable with the present
figures.

 Wilson and Seldowitz (53) working in Orleans,
described skull softening which appeared to include the
generalised and localised types described above; 499 infants
under 1 year of age were examined by %hem at intervals, and

35 per cent were found to have skull softening. In the

tresent/
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presént study in which the infants were seen on one occasion
only, 29 per’cent were found to havé softening'similar to
thaﬁ described by these authors. lHess (17) found the same
types of softening in 42 per cent of infants in New York
Cit& and quoted Jacobi (83) whose results were similar (40
per cent). It is not sfated, however, whether or not these
figures were based on the result of several examinations of
each infant. Cohn (15) found that 35 per cent of infants
examined on on; occasion only had éuch softening.

It is apparent that, although the conception of '
skull softening may show great variafions, infants ﬁndér 1
yéaf of age frequently exhibit skull softeniné of some
type.

While examining the infants it was discovéred that
skull softening diéplayed a marked seasonal incidence which
is indicated in Fig. 1.

The seasonal incidence is seen to increase greatly
in the early spring months (February and March), this rise
being followed by a fall in the early summer until in the
month of june softening occurred in only;28 per cent of the
infants examined.

. It is also seen that skull softening exhibits a
seasonal incidence similar to that of rickets, suggesting

that there may be & possible relationshir between the two-

conditions
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conditions, especially as Rasmussen (84) found no seasonal
variation in the North where there is no éppreciable
difference between the seasons.

Créniotabes and generaliséd softening when either
occurred unilaterally commonly appéared‘on the side usually
in contact with the pillow,'and was often associated with
asymmetry of the head. | ’

As it is poséible that the aetiological factors in
the three types of softening deseribed may vary, these types

are now considered separately and several factors which were

, thought might influence the aetiology are investigated.

]
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. GENERALISED SKULL SOFTENING.

As generalised skull softening was found in only
3l.of'the 972Vinfaﬁts examined, it is not possible to base
any definite conélusibns on the findings in such a small
number of infants. These findings are, however, stated

below.

Aetiology of Generalised Skull Softening.

l. Seasonal Incidence.
| The number of iﬁfants found to‘'exhibit generalised
softeninglin each month of the year is shown in Table II.
Table II
Showing the number of infants with
generblised skull softening in each

month of the year commencing
1st October 1941. : \

i Number of infants | Number of infants
Month. examined. with generalised
' skull softening.

-

October 82 1
November g8 3
December 1 4
January _ 86 4
February ' gB 3
March 2 3
April 8% 2
May .

June gg g
July gg 2
August 3
September 75 1
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As the number‘of‘infants examined in each month
of the year was relatively similar, comparisons may bé
easily made between the findings in each month. It is
apparent that there was a slight tendency fdr this_type
of‘soffening to»qccur more frequently_in the winter months.
Presuming that the seasonal incidence will not vary from
yeér to year, the results may be divided into two groups,
namely, November to April inclusive and May to October
inclusive. . Of the 487 infante examined in the winter
months, 19 had generalised softening; in the summer months .
only 12 infants of the 485 examined hed similar softening
which suggests that infants born in the winter months are
more'liable to develop generalised skull softening.

II. Age Incidence.

The ages at which generalised softening was

found are shown in Table 'IIT.(See over).
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Table III.
Showing the number of infants with

generalised skull softening from
birth up to 16 weeks of age.

-Number of infants | .Number of infants
-Age in Weeks. examined with generalised
skull softening
1 20 3
2 29 5
3 20 -
é 2 :
2 .
6 28 4
% 20 -
28 3
9 ] 22 2
10 ' 24 3
11 20 -
12 19 1
, 13 30 -
14 .22 1
15 18 -

It is apparent from these resﬁlts that this fype of
softening displayed a definite age incidence. Twenty-nine of
the infants were under 11 weeks, while not one of them was
over 16 weeks} the youngést child inecluded in the group was
1 day olad. From these results and also from the similarity
between this type of softening and that described bdth by -
Reiss and Boder (34) and by Toverud (31) as congenital skull
softening, it may be concluded that the softening must have

been present at birth or have developed shortly afterwards.
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ITI. Sex. -
Of the 31 infants with genefaiised skull soften-
ing, 17 were males and 14 females. This sh§wed no sex
prepondefance, as a greater number of boys were .included

in the survey.

IvV. Height,.Héad Circumference and Weight.

Comparison of these measurements in infants with
and without the type of sdftenihg under consideration is
made in Table IV.(See Page 30).

| Regarding the weight of the infants, it was foﬁnd
‘that both those with skull softening and those with hard
skulls showed a great variation in each age group. The
rangeé and not the average weight is’fherefore given in‘
Table IV. It is seen that there was no'significance in
the height and weight of the infant, but thoge with soften-
ing at birth had a iarger average head circumference. in
the older age groups the head circumference measurements

did not show this variétion.
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Table IV.
Comparing the height, head circumference and weight of

infants with generalised skull softening with that of
infants with no skull softening.

Age in Weeks
0 - 414 - 8|8 -1312 - 16

Cms Cms Cms Cms
Av. height of infents
with generalised skull :
softening...e.... e 51 53 53 58
Av. height of infants
with no skull softening.. 51 53 55 | 58
Av. head circumference of
infants with generalised
skull softening.....ovc. 37 37 38 - 38
Av. head circumference of
infants with no skull
SOFLENINg vevererrrnnnens 34.5 25.5 38 38.5

K K K K
Renge of weights of in-
fants with generalised N
Shlll SOftening o 0 0 o0 0 00 . 209""305 ? 2.6"'3.8 5"3048
Range of welghts of in- |
fants with no skull ‘ ’ o
SOf’benlng @0 0000000000000 2.8""3.75 208"3’08:209-304 3'1-504

' ]
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V. ‘Duration of Gestation and Multiple FPregnancies.

) The number of premature infants under 16 weeks of
age examined was small, namely 26, and only one of these
infants was found to have generalised‘softening. The ages
of the infents varied from 2 to 13 weeks. Twin pregnancies
were similarly uncommon,\and only 4 twins under 16 weeks were
seen. One of these children showed evidence of skull soften-
ing, and the mother volunteered the‘information that the
other twin had a soft head also. = Toverud (31) has stated
that premature infants and twins have hard skulls at birth
which rapidly become soft as skull growth proceeds. It
would,  therefore, be necessary to examine the infants at
frequent'intérvals to discover if this did happen to the
infants.in thé present series., ‘Unfortunately no opportunity
to do this arose, but there were no findings to suggest that
softening occurred more frequently in premature infants in

any of the age groups.

VI. DParity of Mother and Interval Between Pregnancies.

Frequent bregnancies both in animals and humané
in rapid succession have been shown to contribute to the
appearance of rickets’in the offspring by Mull and Bill (85)
and others (86); the possibility of a relationship existing
between fréquent rregnancies and generalisqd softening was

therefore considered and the results are shown in Table V.
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R Table V.
Showing' the relationship between the .parity

of the mother and the incidence of generalised
skull softening in 290 infants.

Number of infants Number of infants
Parity of Mother | examined under 16 ~with generalised
. weeks. skull softening.

1 99 5
2 63 6
3 43 5
4 21 5
5 24 3
6 19 3
§ 2 -
3 -
9 3 1
10 2 -
11 3 2
12 1 -
13 2 -
14 2 1

If the relative frequency of generalised softening
is compared in each group, if is seen to increaSe‘froﬁ 1 in
20 in first children, to 1 in 6 in the sixth children while
the frequency in 7th to 14th children was 1 in 5. This
showed a definite increase in generalised. softening with a
rise in the number of previous children in the fanily.

The‘intervals between the mothers’ pregnancies was
noted in 160 of the infants, 12 of whom had generalised.
softening, and was found to bevsimilar in infants with and
without skull softening. This intervel Varied in the

majority/



=33 -
majority of instances between 13 and 23 months.

L4

VII. Previous Diet.

There is no evidence that the type of feeding,
namely, breast or artificial feeding, can be éignifioant at
the age when generalised softening occurs, and furthermore,
Cif it is significant, it is not possible to decide at what
age it becomes so.  For the purpose of dietary investi-
gation, it was decided to neglect all infants up to 7 days,
as during that time an infant does not normally gain weight
and thereforé cannot be having aﬁ adequate intake. The
number of infants with generalised softening remaining was
28, 24 of whom were artifieinlly fed and 4 breast fed. This
ratio of 6 to 1 was similar to that of the infants examined
in this age group with no skull softening. |

VIII. Addition of Vitemin D to the Diet.

- This was likewise considered only in infants over
7 days. Three of the 28 infants were given Vitamin D and
in each instance the daily dose was decidedly subminimal
viz. 80, 250 and 250 i.u. Of the infents without skull
softening only 10 had a daily intake'of over 500 i.u. and
17 had a'daily intake of less than 500 i.u. No conclusions
.can be based on these results as so few of the childfen

received additional Vitamin D.

IX./
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IX. Locality of Home.

Twenty-fivé of the infants lived in urban
districts,'4 in rural districts and éhe homes of 2 were
not recorded. In comparison with infants with hard skulls,
generalised softening showed a'tendency to occuf more
frequently in urban dwellers.

X. Radiological Findings.

In assessing any departure from normal‘the
following points were noted in an X-ray of the wrists:-
8. Density of the bones. ,
b. Irfegularity of the epiphyseal ends. .
C. Broadening of the'epiphyses.
d. Presence of carpal centres which normally appear
between the third and sixth months. '
Examination was made especially for any poséible
radiological rachitic changes. According to Schmorl (4o0)
the first epiphyses to undergo rachitic changes are the
“sternal ends of the ribs.‘ Unfortunately these epinhyses
cannotvfe used for radiological diagnosis as the minute
details are obscured by the thorgcic conténts and by the
ribs on the posterior aspect of the thorax. The lower end
of the ulna was therefore examined, as it is dne of the
first of the remaining epiphyses to undergo rachitic changes.
The initial radiological evidence of the presence of rickets

has/
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has been variously déscribéd. Weech and Sﬁith (87) stated
that rarifaction is an early sign and Davidson and Merritt
(60) described the first sign as being the appearance of a
translu&ent areé on the medial aspect of thg ulna.
'According to Hess (17) the earliest visible changes are as
follows: - Lbss of exaét delineation of the preparatory zone
of calcification which lies between the metaphyses and
epiphyses. This is followed by thinning of the cortex of
the shaft and later by cupping of the ulna. Goldberger
and Mellion (88) are of the opinion that delay in the

_ éppearance of carpal centrés is evidence of active rickets.

Controversy concérning the radiological evidence:

of mild|and early rickets exists, however, and it appears
to be difficult to make such a diﬁgnosis on radiological
findings alone. As Cooley and Reynolds (89) have said
when discussing the variations whieh occur in the inter-
pre%ation of éan-ray plate which may show signs of mild
rickets, "The use of the X—ray for diagnosis has by no
means attained the status of an exact science. Slight
broadening of the ulna has been mentioned by Hess (17) as
being evidence suggestive of rickets, while Jeans (90) and
others (91) consider that slight vabriations from normal

may be physiological. In his study of rickets, Hood (92)
queries the rachitic origin of radiological changes classed

by/
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by Eliot as "incipient rickets”.,
| In the following repofis of radiologicalvfindings,
siight_departures from normal, such as are mentioned above,
‘are termed "suggestive of rickets" and labelled "? rickets"
iﬂ the'accomﬁanying tables. o |
Radiographs were taken of lO'of the infants with
generalised softeniné and in 2 of them there was s deviation
from normal. In one, aged 7 weeks, there was a trans-
;ucent area ‘on the medial aspect of the ulna (Fig. II) and
in the other, aged 4 weeks, there was slight splaying of -
the ulna. Aé has been previously stated, both these
changes may be suggestivevéf the presence of rickets, but
in none of the infants was there definite evidence of radio-
ibgical rickets. V

XI. Biochemical Findings.

As the recognised clinical signs of rickets do
not appear at an age when generalised skull softening occurs,
estimations of the blood calcium, phosphorus snd ﬁhosphatase
were done in infants with generalised skull softening in
order to discover if there was biochemiéal evidence of
rickets present. ~ The methods'of estimation are given in
Appendix I. Before discussing the results, it is first
‘necessary to consider the accepted limits of normality of

the three values.

The/
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' The normal serum calcium in children has been
foﬁnd to lie above 10 mgm. per cent (19), (93), (94) and
does not alter in the presence of active rickets (19), (95).
Regarding'the inorgénic phosphorus concentration in the
‘blood, Harrison (96) haé stated that ieports of normal
values vary between 3.2 and 6.5 mgm. per cent,‘but it is
usual to consider values of much less than 4.0 mgm. per
cent to be abnormal. The level has been shown to fall in
rickets, and Howland and Kramer (19) obtained values of
less than 3.2 mgm. per cent in 23 rachific children. Hess
and Lundagen (97), Anderson (98) and othérs (99) have shown,
-however, that cliﬁical evidence of active rickets may exist
in the presence of levels approaching normal, while Bodan-
sky and Jaffe (100) recorded that similar values were
obtained in rachitic infants receiving amounts of Vitamin D
insufficient to have effected a cure. Freudenberg '(101)
has also shown that a fall in the blood phosphorus level
may occur in other conditions besides rickets, e. g
pneumoﬁia. It is therefore not possible to make a diagnosis"
of biochemical rickets on the inorganic phosphorus valu=s
alone. As a result of the alterations in the blood due to
rickets, the calcium and phosphorus product is decreased
and Howland (19) has stated that a product under 30 is

-evidence of active rickets and between 30 and 40 suggestive

of/
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of/riekets.' . .

Using the method of Jenner and Kay (102) which
is employed in the estlmatlons under conQ1derat10n the
'upper limit of normallty of plasma phosohatase in children
is consideréd by Morris et alii (103) to be 11 units. This
level is 1ncreased in the presence of active and healing
rickets, an increase being considered by Barnes and Monks
(104) to be one of the first signs of the presence of
rachitic changes. The level, however, can be raised in
-other conditions (Roberts (105))and Morris et alii (103)
have shown that normal values may be associated with
definite radiographic evidence of rickets.

It is therefore apparent fhat a diagnosis of
rickets cannot be made on a low inorganic phosphorus value
or an incfease in phosphatase activity alone; 1if, howeVer,
the phosphorus level lies below 4 mgm. per cent and thé
phosphatase value is increased above 11 units,vI have teken
this as conclusive evidence of active or healing rickets.

Biochemical exéminations were carried .out on 10
infants with generaiised skuil softening and the results

together with the radiological findings in 9 of the infants

. are given in Table VI.
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Table'vx.

Showing the biochemical and radiological findings
in 10 infants with generalised skull softening.

‘ Age in | Serum Plasma Flasma|Calcium
fase | Weeks Calciumn Phos. | P'tse |x Phos. |X-ray Wrist
| mgm. % | mgm. % |units
Wewe | 4 11.0 4.1 4.0 45 Slight
Sprlaying

A.C. 4 | 12.3 4.6 | 100 56 Normal
.M G, 5 10.2 2.8 8.2 39 -
E.L. 8 10.8 3.9 7.0 41 Normal
J.A. 8 8.2 4.5 | 8.2 37 Normal
W.D. 8. 10.0 4.1 |11.1 41 Normal
A ML 9. 10.2 4.2 6.5 42 | Normal
A.B. 10 8.9 5.6 {11.0 48 . Normal
VMG | 12 11.1 3.4 9.4 37 Normal
P.C. 14 - 10.4 3.9 |10.5 40 Normal

It is seen that 2 of the infants had both normal
biochemical and radiological findings, while in a third
infant the only abnormality was a slight increase in the
phosphatase value, namely, 11.1 units. Since the other
findings in the lafter infant were normal, and the rise in
phosphatase activity so slight it has Been included amongst
those who showed no evidence of active rickets.

kegarding the 7 remaining infants, 4 of them were

found/
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found to have a diminution in the plasma inorganic phos-
phorus &alue; this fall in 3 of thé infanfs was‘slight
(3.8, 3.9 and 3.9 mgm..per cent) and as the remaining
findings showed no abnormalities, the infants were con-
gidered to be ﬁon-radhitic. The other child had.a marked
fall in the phosphorus level to 3.4 pér cent, which is
suggestive of the presence of rachitic changeé.

Two of the infants wére found to have a low
serﬁm calcium velue. Thié wes associated in one of the
infants with active tetany and the child was found to have
developed rickets when examined one month later. It is
possible that the rachitic process had cémmenced at the
time of the first examination, the biochemical changes
associated with tetany having masked those,of rickets.

The other child with a low calcium value‘(8.9 mgm. per
cent) showed no evidence of active tetany nor of rickets
when examined on several occasions during the ensuing six
months.

The remsining child had normal biochemical
findings but radiologically the ulna.showed slight splaying
and on subsequent‘examiﬁation he was found to have definite
radiolOgical rachitic changes. |

Of the 10 infante under consideration, 6 were
therefore considered to have shown no evidence of rickets

at/
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at the time of examination, while in the fémaining 4.fhe
results were suggestivé of tﬂevpresence of'rickets. It
is of interest to note that these 4 infants were all born
during the late summer‘of within the first half of the
'winter period (August - Decembér).

From'these results it becpmes apparént that
definité conclusions cannot be based on the findings of
one exémination~alone. Since 6 infants had mafked soften~
ing without either biochemical or radiological evidence of
rickets, it maj however be concluded that the presence of
generalised softening is not always associated with recog-
nisable rachitic changes.

‘Whether such softening may be due in some
instances to rickets or whether the affected children are
more prone to'develop rickets can only be shown by com-

pleting repeated investigations of the children.
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THE SUBSEQUENT DEVELOPMENT OF 13 INFANTS
~ _WITH GENERALISED SKULL SOFTENING.

'Althouéh it was seen that active rickets did not
always exist in the presence of generalised skull softening,
the question arose as to whether rachitic changes were more
liable to occur in.infants with this type of softening. It
was therefore decided to examine the infants at intervals
during the first year of life.

Of the 31 infants with generalised skull softening,
10 died while in hospital énd 8 were not traced or had died
following dismissal. | |

.One child of the remaining 13‘infants had severe
softening at the age of 2 weeks and was found fo have
fragilitas ossium. She was given Adexolin minims XX to XXX
daily from the age of 2 months to 15 months, when skull
softening waé étill found to be present. Blood and radio-
logical examinations at no time showed evidence of rachitic
changes. |

Five infants who were not examined biochemically
or radiologically when the softening was diagnosed were sub-
sequently visited in their homes, and were examined for any
evidencé of rickets. Again, as with the radiologicgl and
biochemical findings in rickets, it is difficult to make a
diagnosis of early rickets on clinicsl examinafion alone. The
following findings were considered to be of significénce in

reaching/
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neaghing a diagnosis.
(a) Délay in-eruptibn'bf.the teeth.
(b) Delay in sitting up. "
(c) Délay in closure of thg apterior fontanelle, and
(d) Marked enlargeménf of the wrist epiphyses or beading‘
of the ribs.
The development of these infants. is shoﬁn in

Table VII.(See over).
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'It is apparent that.alfhough rickets as commonly
diagnosed may occur in infanté who have had generalise@
softening, it does not appear in all cases. Two of the 5
infants develdped clinical signs of rickets but again. it is
seen that they were both_borﬁ at the commencement of the
winter months and cqnsequentiy were more liable to exhibit
such changes. At the second examination, craniotabes was
present in one of fhe infants whé was then six months old.
The other 7 infants were examined clinically,
radiologically and biochemically on several occasions after
the initial‘visit. It was not possible tq examine a
greater number of the infants in this manner as the mothers
Wpuld,not agree to bring the children back to hospital.
Four of these children received regular doses of Vitamin D
and are considered later. The progress of the 3 infants
who did not receive Vitamin D is now recorded in detail.
l. V.McG. Female. 4th Child. Feeding: Cows milk
Full Term Pregnancy. + solids at 6 months.
Diggnosis on admiééion: Upper Reépiratory Infection.

Generalised

Blood -
Age Date Phos. P'tse Ca. Ca. X-ray Skull
, ‘mgm.Z units mgm.% x P. Wrist Softening
8 wks. %.12.42 5.6 11.0 8.9 50 Normal +
12 ¢ 10.3.42 4.0 10.2 - - TNormal -
16 10.4.42 - - - -  Normal -
25 12.6.42 4.4 10,0 10.8 48 Normal -

40 8.9.42 - - - -  Normal -
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2. A.G. Male. 16th Child. Feeding: Cows milk
Full Term Pregnancy. + solids at 6 months

Diagnosis on admission: Incorrect Feeding.

N "Blood . Generalised
- Age Date  Phos. P'tse Ca.  La. X-ray Skull

‘mgm.% units mgm.% x P. Wrist Softening

-4 wks. 3. 2.42 4.6 1C.0 12.3 57 Normal + +

6 " 13, 2.42 4.1 7.5 12.6 52 2 Early +
. : . . Rickets -

Vg om 10, %3.42 4.4 8.3 9.1 40 Normal -
14 " . 17, 4.42 4.3 14,6 10.1 44 Normal -
30, " 8.42 4.0 11.0 10 40 . Normsl -

3. P.C. Male., 11lth Child. = Feeding: Ostermilk 1 and 2
" Full Ternm Pregnancy. + solids at 4 months.

Diagnosis on admission: Pylorospasm.

- Blood ’ Generalised
Age Date Phos. P'tse Ca. Ca. X-ray Skull
: mem.% units mgm.% x P. Wrist Softening
12 wks. 5.10.41 3.4 9.4 11.1 38 Normal +
15 "  2400.41 3.1 9.0 10.5 33 Normal +

18 » 16.1.41 3,1 12.0 10.4 32 ? Early +
. Rickets -

24 " 4. 1.42 3.0 14.2 10.2 . 31 Rickets -

- Although the first child (V.MeG.) had blood
examinations done on only three occasions, the results,
together with repeated radiographs, showed at no time

evidence/
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evidence of rachitic‘chanéés. The skull softening had
disappeared by the time'the child was 12 weeks o0ld, and on -
subsequent attendances the skull did not develop any
further softening.

When the progréss of A.G. is studied it is apparent
that the recognised seasonal incidence of rickets must be
considered in relation to the findings in this chilq; At
6 weeks (13.2.42) the wrisf showed‘a slight change which
was suggestive of early rickets, namely, slight irregularity
of the epiphyses.‘ This abnormality had disappeared three
weeks later (10.3.42). If it is assumed that the change
was rachitie, it is unlikely that healing would have occurred
in the month of February when the expoéure of the child +to
the sun's rays is minimal, unless the child had been
receiving Vitamin D in addition to what was in the milk, It
is therefore ‘doubtful whether the X~-ray change was due to
rickets. An increase ‘in phosphatase which is suggested by
Morris et alii (1039 to be an early sign of developing
 rickets odcurred in April. In view of the eitension of
tﬁe hours of daylight énd the increase in the amouﬁt of sun-~
shine which occurs in late spring, any fachitic tendency
would tend normally to disappear during this season.
Although it is thereforé not poésible to decide whether the
infant wes developing riokets at this time, it is épparent

that/
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that such changes if they did occur were slight and had
disappeared by‘September.' ;As with V.MeG. the skull
softening disappeared rapidly and was not followed by the
development of either of the other two types of softening
found in infanté.

The third child, P.C., alone showed definite
évidﬁnce of rickets later in infancy, by which tiﬁe the
skull sdftening had praétically disappeared.

Again, it was only the child who was born at the
commencement of the winter months who develoned definite
-gigns of rickets.

As a result of these findings, it was decided to
test fhé'%herapeutic effect of Vitamin D on generalised |
softening of the skull.

The four remaining infants were given Vitamin D.
Before thig was’done it was necessary to investigate the
dosage of Vitamin D required to prevent the development of
rickets and to cure eXisting rachitic changes;in infanfs

living in Glasgow.

rd
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The Amount of Vitamin D Required -
(a) to prevent the development of rickets. and
(b) to cure existing rickets in infants in Glasgow.

It ié evident that the amount of Vitamin D required
must necessafily depend in. part on climatic conditipns.

Park (106) found that the following dosage was
adequate'to prevent- the development of rickets in New York
children, namely; 200 i.u. daily at 4 weeks, 400 at 8 weeks
and 800 at 12 weeks, while Robinson (107) found £hat breast
fed infants receiﬁing 1,000 i.,u. daily 4id not develop
rickets.

Working in New York, Vollmer (108) found that a
single dosé of 600,000 i.u. prevented the appearance of
rabhitic changés.

More recently, Park (109) while worklng with Ellot
stated that a dose of 800 - 1,000 i.u. daily was sufficient’
for full-term infants.

Dann and Davison (110) quote the Committee on
Food and Nutrition of the National Research Council (May’
1941) and the Committee on Vitamins of the American Academy
of Paediatrics as allowing 400 to 800 i.u. per day.

In Britain, Sheldon et alii (111) in a reportito
the British Paediatric Association stated that the amount
allowed daily by the British Government was 200 i.u. daily

under 6 months and 400 over 6 months. The Association now

cstate/
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state that 700 i.u. are required daily for full-term
infants and 1400 for premature infants.

It is known that premature infants are liable to
develop ricggtS'and Davidséh and~Merritf (85) report that
premature ihfantsAin New York may develop rickets-while
receiving 350 i.u.

Barnes ef alii (112) and Kemp and Marshall (113)
amongst others have reported thaf various Vitamin D pre-

- parations are required in different international unit
doses to prevent the appearance df rickets; Drake (114)
however was unable to confirm this.

As the prevalence of rickets in Glasgow is still
relatively high, it is probable that the required dosagé
will be large, sand in order to determine the neéessary
amount, infaﬁts who had been réceiving various quantities
‘of Vitamin D were examined. As the smount must necess-
érily vary inversely with the amount of available sunshine,
investigations were carried out in the wintér months,
 (November to February), when the maximum amount would be
required. All the infants were born in Glasgow and had
remained there since birth. Vitamin D was ziven regularly
throughout the late summer and winter months, that is, from
August or September onwards snd the children were examined
for sigﬁs of rickets in December, Jenuery, February or

Herceh/
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March.. A diagnosis of rickets was made on clinical and
radioleogical or biochemical findings in most of the
infants. _ |

Each child had been artifically fed from early
infancy. Since the infants were treated as out-patienﬁs
it was sometimés difficult to ascertain whether the child
had received the Vitamin D regﬁlarly. The mother was
given the oil and asked to rerort at'hospital when the
botfle wes empty; gccording to whether she returned at
the expected date, so it wés decided whéther the infant
had received the correct dosage. This appeared to be the
most satisfactory method to employ, but there must necess;
arily be several cases in which the infant did not recei?e
the fﬁli dose. The mother was carefully instructed either
fo drop the o0il straight into the child's moﬁth from a
"~ dropper or to give it on o spoon end was told not to put
it in the feeding bottle. ;

Adexolinhand Cod Liver 0il were supplied by the
Hospital while some of the mothers preferred to give the
infants proprietary preparations which had previously been
recommended to them.

As some infents who have never received Vitamin‘D
in addition to what is present in their food fail to develoDp
rickets, it was decided to find out the maximum dose which\

had been given and which had been followed by the appesrance
of/



of rickets.
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One hundred and nine infants were investi-

g%ted 49 of whom received less than 500 iwu. daily, 33

between 500 and 1, 000 i.u. daily and 27 between 1, OOO

and 2,000iunits daily.

are given in Table VIII.

Details of the 49 infants who developed rickets

Table VIII.

Showing the evidence of rickets found in 49 infants
receiving varying amounts of Vitamin D in the city of
Glasgow during the winter months.

Infants Receiving Less Than 500 i.u. Daily
case |Age in | Vitamin D |[Clinical|Biochemical|Radiological
mths. prep. Rickets Rickets Rickets:
1 3 CLO’ + + +
2 3 H.LO + Not done +
3 21 CLO + + +
4 4 Adexolin + + + + +
5 4 CLO + L+ Not done
6 4 CLO + Not done +
g 4 Adexolin + Not done +
6 Adexolin + + Not done
9 6 HLO + Not' done +
10 6 CLO + + +
11 7 CLO + + Not done
12 7 CLO + + +
13 7 CLO + + +
14 g CLO - Not done +
15 CLO + + +
16 3 CLO + + ot done
1 10 CLO + Not done +
1 10 CLO + Not done +
19 11 CLO + - +
20 11 Adexolin + + +?
21 12 CLOE + Mot done +
22 15 CLOE + + +
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Infants Receiving Between 500 and 1,000 i.,u. Daily

Cliniceal

Case {Age in | Vitamin D Biochemical |Radiological
mths. | prep. kickets| Rickets Rickets
1 3 CLO - + +
2 4 Adexolin * + +
3 4 Adexolin + + Not done
4 5 Adexolin + + +
5 5 CLO - + lot done
b 5 CLOE + + +
g 6 Adexolin - + +
6 ELO ‘ + + Not done
9 7 CLO + Not domne +
10 7 Adexolin - + : +
11 g CLOE ‘ - Not done +
12 Adexolin - + Not done
13 8 CLO + + +
14 8 cle + Not done +
15 8 Adexolin + + - o+
16 8 Adexolin + + +
1 8 CLO + + +
1 8 Adexolin + Not done +
19 9 CLO + + +
20 g CLO : + +
21 10 Adexolin + + Not done
22 11 CLO + + Not done
Infants Receiving Over 1,000 i.u. Daily
Case [Age in | Vitamin D [Clinical [Biochemical [Radiological
mths. prep. Rickets Rickets Rickets
"1 6 Adexolin + + Mot done
2 6 Adexolin - + +
3 7 CLO - Tot domne +
4 g . Alexolin + + +
5 Adexolin + + +
Abbreviations: CLO : Cod Liver 0il
CLOE : Cod Liver 0il Ekmulsion
Halibut Liver 0il

HLC
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When the results are examined, 1t 1is gpparent
that = daily dosage of over 1,000 i.u. was mot sufficient
to prevent the development of rickets in all infants in
Glasgow during the winter, and that_rickets was relatively
common in those infants who received much less than 1,000
i,u. daily. Twenty-two of the 49 infants receiving less
than 500 i.u. deily, developed rickets, as did 22 out of
33 infants receiving between 500 and 1,000 i.u. daily,
while only 5 out of 27 infants receiving over 1000 i.u.
daily de%eloped rickets. - No child recei%ing more than
1250 1.4, daily developed evidence of rickets.

The ‘curative effect of Vifamin D was also investi-‘
gated in 10 children who had radiological evidence of
rickets. Radiological examinations were empioyed as it
was considered the most reliable. method of showing evidence
of healing. The'infants were treated during the winter
months and were all in-patienﬁs of the hospital. Theyl
were given ei%her»varying doses of Adexolin, Cod Liver 0il
or a single massive dose of Calciferol. As the children
were in hospital it may be assumed that they received the
prescribed amount. |

The progress of the 10 infants ié shown in Table

IX.



- 55 -
Table IX : -

. Showing the effect of varying amounts of Vitamin D
on active rickets in 10 infants
~living in the city of Glasgow.

Age Daily Dose of Period between 2nd X-ray of
in yrs.; Viteamin D i.u.|commencing treat- Wrist
' ment and 2nd X-ray
1 9/12 | Adexolin 3750 1 week Healing Rickets
8712 n . 2500 1 week Healing Rickets
4712 " 1200 3 weeks Healing Rickets
1 2/12 " 260 3 weeks |No Healing of
Rickets
11/12 CLO 960 3 weeks . |Healing Rickets
10/12 | Adexolin 975 - 2 weeks ' |Healing Rickets
1 4712 Calciferol 3 weeks Healing Rickets
600,000 ~ '
» (lDose)
1 Adexolin 1200 3 weeks No Healing ;
) " 2500 2 weeks Healing Rickets
10712 [Adexolin 360 2 weeks No Healing g
_ n 960 2 weeks |Healing Rickets
8712 | Adexolin 960 3 weeks Healing Rickets

From thé results it is apparent that not only, as
was previously shown, do infants require varying amounts of
Vitamin D to prevent the occurrence of rickets, but they
also require verying doses in the presence of active
rickets before healing occurs. In one child healing did

not/
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not appeér radiologicélly until the dose of Vitamin D had
been increased from 1200 to 2500 i.u. per day.

Healing also occﬁrred after a single dosge of
600,000 i.u. in another of the children.

Combining these two series of results, it
appears that a daily amount of ofer 1,000 i.,u. will pre-
vent the occurrence of rickets in the majority of infants
living in Glasgowvduring‘the wintér months. A gimilar
dose was found to cure most of the infants with active
rickets. |

In aséessing'the therapeutic‘éffect of Vitamin D
in these experiments & daily dose of 1250 was considered

ample.
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THE EFFECT OF VITAMIN D ON GENERALISED
SKULL SOFTENING.

Fouf infants with generalised skull éoftening
were given Vitamin D in addition to what was present in
their food and were subsequently examined at varying
intervals. The progress of these infants was as

follows: |

1. A.McL. Male. 1lth Child. Feeding: Cows milk
Full Term Pregnancy. +‘solids at 5 months (%)

Diagnosis on admission: Broncho-pneumonia.

_ Blood Generalised Vitamin D
Age Date: Phos. P'tse Ca. Ca. X-ray Skull Dosage
Wks. mgn.% units mgm.% x P. Wrist Softening i.u.daily
7 14.10.41 4.0 12.1 10.0 40 YNormal: + Adex.1200
10 6.11.41 4.4 .7.3 10.2 45 Normal + " 1800
14 10.12.41 - - 7 - - Normal - n 1800
: omitted at
20 wks.
26 12. 3.42 *3.7 10.1 10.4 38 Normal -
2. E.L. Male. 3rd Child. Feeding: Various Artificial
Full Term Pregnéncy. - Feeds.
Diagnosis on admission: Inanition.
Blood " Generalised Vitemin D
Age Date Phos. FP'tse Ca. Ca., X-ray Skull Dosage
Wks mem.% units mgm.5% x P. Wrist Coftening i.u.daily
4 17. 3.42 3.7 9 10.8 4© TNormal " Adex.1200
8 4.42 . - - - - + Adex.1200

18 28. 6.42 3.E 7 1l.2 44 Tormal - 4dex.1200



3. J.A. Male.

Full Term Pregnancy.
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2nd Child.

" Diagnosis on admission:

=£L _
4 4. 2.42
8 6. 3.42
12 3. 4.42

Feeding:

-Tetany.

?

Generalised VitaminD

4., W.W. Male.

Full Term Pregnancy

Age Date
Wks

4 28.10.41 4.1 4.4 11.1

6 13.11.41
10 29.12.41

16 19. 2.42
20 5. 3.42
24 5. 4.42

Blood L

Phos. P'tse Csa. Ca, X-ray Skull Dosage
mgm.% units mgm.% X P, Wrist Softening i.u.daily
4,5 10 8.2 37 Normal + + Adex.180C
- - - - Rickets + " 180C
- - - - Rickets + " 180C

Healing
3rd Child. Feediing: Ostermilk 1 and 2

+ so6lids at 4 months.

Diagnosis on admission: Pylorospasm'
. Blood Generelised VitaminD
Phos. PTtse Ca. Ca. X-ray Skull Dodhge
mgm.% units mgm.% x P. Wrist Softening {.units
46 Slight + + Radiostol
Splaying 600,000
4,2 7.1 1l2.3 62 +
3.8 7.5 12.0 45 Healed -
Rickets(Cranio-
tabes +. )
4.0 11.4 12.0 48 Normel (Crenio-
. _ tabes +)
4,0 9.0 11.6 46 Normal, -
- - - - Hormal -
4.0 7.0 11.0 44 TNormal -

37 12. T7.42
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The first child, A. lMcL., who at no time showed
radiological or biochemical abnormal findings, aﬁart from
‘an elevation in the phosphatase level to 12.1 units at 7
weeks, was given Adeiolin from this age onwards. The
generélised softening persisted until the child was over
14 weeks old in spite of hié receiving regular doseé of
Vitamin D. As this typé of softening has been previously
shown to disappear at the age of 16 weeks there appears to
have been no increase in the rate at which the skull became
hard when Adexolin was given. It may be noted that the ”
dose of Adexolin given to the child wes sufficient to pre-
vent the development of rickets.

The second child, E.L., similerly did not
develop rickets while having Adexolin.l The skull soften-
ing d4id not appear to be affected by the Vitamin D and
persisted until the child was over 3 months but had dis-
appeared when the child was 4 months old.

The two remaining children, J.A. and W.W. both
had active rickets which responded to tréatment with
Vitamin D. In the case of J.A., the skull softening per-
sisted until the child was 4 mqnths old, by which tine
there was radiological evidence of healing rickets.

When examined first in October, W.W. had éevere
generalised softening and, althoush hié blood chemistry

wes/
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was within normal limits, the phosrhatese level having just
reached fhe upper limit of normality, radiological examina-
tion suggested early ricﬁets. Tﬂe child was given a
massive dose of Vitamin D (600,000 i.u.) and 6 weeks later
X-ray examination showed slight rickets which had heaigd,
while the plasma phosphorus haed fallen beléw normal. . This
was the only occasion when the phosphorus fell below 4 mgm.
per cent, and no exvlanation can be given for this finding,
especially as the concentration has beeﬁ shown to increase
after such a massive dose of Vitamin D. It is also
interesting to note that when the generalised softeniqg
had disappeared at the age of 10 weeks, it was replaced by
localised skull softening,.that is, craniotabes, which
persiéted until the c¢hild was over 4 months. In this
child only, was it possible to say that the Vitamin D
thefapy might have had = beneficial effect on the'skull
éoftening which had diéappeared by the time the‘child was
10 weeks-.old. | |

| From these results it is apparentvthat in three
of the children generalised skull softening was not
influenced by giving Vitamin D and:in fact persisted until
the children were almost 4 months old. One of the |
éhildren who had rickets was given doses of Adexolin

sufficient to bring ebout -healing of the rachitie process.

o/
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No conclusions can be based on the findings in
the fourth child ("n’?l.'v‘J.)..'
It may be therefore eoncluded that, as Vitamin D
, . :

had no therapéutic effect on generalised skull softening,

the softening is not rachitic in origin.
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THE CALCIUM AND PHOSPHORUS METAEOLISM
IN TWO INFANTS WITH GENERALISED SKULL SOFTENING.

Normal ossification must necessarily require an
adequate retention of calcium and phosphorus. Toverud (31)
has shown from metabolism, experiments that congenital skull
softening was associated with a deficiency of calcium in
the maternal diet. It is, therefore, possible that the
retention in the infant may also be insufficient. It was
decided to conduct metabolism experiments in two infants
with generalised skull softening who had‘notclinical, bio-
chemical or radiological evidence of rickets,

Method: -~ |

| A description-of the method used to collect the
stools and'uriné,'together with dstaiis of the biochemical
methods employed in estimatink the calcium andvphosphorus
intake and output ie given in Appendices II and III.

Bach metabolism experiment lasted seven days and
both infants were fed on boiled cow'é milk and sugar, the
amounts depending on their caloric requirement. Both
-experiments were conducted in the‘month of March when it
was considered that the daily amount 6f sunshine would not
effect the metabolism of calcium and phosvhorus.

| One'infant was below his expected weight but at
the time when the experiments were made both appeared well

end had no fever.
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- Refort of Case I.

W.D.,, mele, 2nd child.

The parents were both héalthy and there was
nothing_relevant.in the family histdry; The mother was
well during pregnancy and the child was born at term. The
confinement was normal and the birth weight unknown. At
birth the infant 4id not sueck well but he improved.rapidly
and had been fed on increasing amounts of boiled milk., He
was reéeiving a daily inteke of 400 calories when he was
admitted to hospital at fhe age of 2 months with a history
of gastro- enterltls of 2 days' duratlon. |

On admiss1on on 22.3%.42 he was found to be
dehydrated and only 64 per cent of his expected Weigh£. He
had no evidence of rickets, his skin tests (Von Pirquet and
Mantoux 1/5000) were negative and he had severe generalised
skull softenlng.

His condltlon improved rapidly ard the metabolism
experiméht was commenced after he had been rece1v1ng an
adequaté caloric intake for one week.

X-ray of his wrist was normal both at the begin-
ning and end of the experiment.

The blood chemistry was normal at the onset and

completlon and the values were as follows:-
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‘Before After
i Plasma Inorganic Phosphorus 4.2 mgm.% 4, Amgmg

Plasma Phosphaﬁase 6.5 units 8.3 units
Serum Calecium - 10.2 mgm.% l0.0‘mgm.%
Ca. x P. | 43 a4
Weight st begimning of period - 2.89 K.

oo end n o 3,12 X.
Average gain in weight per déy | 30 g.

L4

Feed: Cow's milk 105 cec.

N e N e s

¢ Water 15 ce. 6 times per day
Sugar IV g.
Daily célorip intake: 459 calories.
Daily caloric requirement: 440 calories. (100 .cal.per
: : kilo of :
expected
weight)

The child was well throughout the course of the
metabolism experiﬁent.
Details of the calcium and phosphorus metabolism

are shown in Table X.(See Page 67).

Report of Case II.

A.B., male, 2nd child.

The vnarents were both healthj and there was nothing
relevant in the family history. The mother had been well
during the pregﬁancy and the c¢hild wss born at term. The.
birth weight wee 0% 1bs. The child was well at birth and

wes/
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was breast fed for 8 days. The mother stated that she
had had insufficient milk and that the child had then
been given Ostermilk No. 1. The quantity of the feeds
had been largef than was required by the child.” He was
‘given small amounts of cod liver oil at irregular‘intérvals
but never received orange juice. The child throve until
he was 2 months o0ld when he developed a cough and refused
his feeds. He‘sgbsequently ?eveloped respiratory
embarrassment and was admitted to hospital on 28.2.42. On
admission he was fpund to be well-nourished and was 112
per cent of his expected weight. Physical examination
revealed nothing abnormal apart‘from rhonchi throughout
the chest and severe generalised skull softening. His
condition improved and the metabolism experiment was started
2 weeks after admission when he was 2% months old. His
skin tests (Von Pirquet and Mantoux 175000) wereAnegative.
and he had no clinical evidence of rickets. X~ray of his
wrist was normal bbth before and after the experiment.

The blood chemdistry was also considered to be
~ normal at the onset and completion of the metabolism
experiment, but the plasme inorganic phosphorus was at the
lower 1limit of ‘normslity (3.9 mgm. per cent). The bio-

chemical findings were as follows:-
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Before After

Plasma Inorgaﬁic-Phosphorus 3.9 mgm. % 4.0 mgm, %

Plasma’Phosphatasé 6.5 units 7.2 units
Serum Calcium v 10.4’mgm. % 11.0 mgm. %
Ca. x P. - 41 44 !
Weight at beginning of peridd : - 5.15 K.

. " end " " 5.16 K.
.Average gain in weight per day ’1.4 g;

Feed:. Cow's milk 150 cec. ) ‘
' ‘ ) 5 times per day

Sugar Iv g. )
Daily caleric intake: 510 calories.
Daily caloric requirement: 515 calorles. (100 cal per
o . kilo of
expected
weight)

During thé whdle period of the experiment the
child was well and had no fever, He had occasional loose
stools which were yellow in colour and not foul-smelling.

He showed no galn in welght durlng the period which was
probably due to the fact that he was overweight on admission.
" The total gain in weight during his 4 weeks in hospital was
0.22 K. Details of the calciuﬁ and phosphorus metabolism

-are shown in Table X. (See over).
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Table X.

Showing the calcium and. phosphorus intaske and excretion

in two infants with generalised skull softening.

.;’:J.D.
Calcium Retention.
Total Total Output Total
Intake ' Retention Retenttion
; Urine |Faeces .
Cal .| Cal g.iCal 2. Cal g. Z. per kilo per day
6.9905| 0.128916.1291 | + 0.7%25 + 0.035
Phosphorus Retention.
Total Total Outn»ut Total
Intake Retention Retention
Urine |Faeces . : ,
P05 g. (P05 . {F205¢. P2Q5*g. ., per kilo per day
9.020t [3.5900 |4.3761 | + 1.0540 + 0.051
A.B.
Calcium Retention.
Total Total Output Total ‘
Intake retention Retention
Urine |Faeces :
Ca0 g. |-Ca0 g. |Ca0 g, Ce0 g. g, per kilo per day
8.3210 | 0.2253 |6.5760 + 1.5197 + 0.042
Fhosnhorus Retention.
Total Totzl OCutrut Total
Intake Hetention Hetention
Urine |Faeces .
| Po0c g.fP50c g. |F50r g Po0s =. |g. per kilo per day
10.6040 | 3.1517 |©.3270 | + 2.09%7 + 0.056
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- Before interpreting the results of these meta-

bolism experiments, some of the results for average

retentions

found in normal infants will be summarised.

Hemilton (50) has collected and tabulated the findings of

some worke

rs.

‘A few of these results,

breast fed infénts, are given below:-

XI

Table

which refer to

Calcium and Phosphorus Metabolism in Breast- Fed Infants
(compiled by Hamilton).

Calcium (Cal) Phosphorus(P205)
Age in
Author months of Total Retention Total etention
infant Retention | g/K/day |Retention’| g/K/day
Tobler 2.5 - .053 .013 .119 .029
Lindberg, 2.5 .060 .014 .166 .03%8
I & II.
:M:uhl, Bo 2.5 0091 0017 chO 0022
I,11, @,
III. 2.5 .093 .017 113 .020
Michaei
Perret 3.0 .149 .03%2 121 .025

Findlay et alii (115) conducted calcium meta-

bolism experiments on both breast-fed end értificially fed

infants, from birth up to 6 months in the breast-fed

infants, and from birth up to 12 months in the artificially

fed infant

SD

- They showed that, although the calcium

intake in artificially fed infants was much higher than in

breast/
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breast-fed infants, the retention per kilo bodyweight was
only slightly greater, ThevCaO retention was below
0.05 g; per kilo.bodyweight per day in both breast and
artificially fed infants.

In metabolism experiments on artificially fed
1nfants, Telfer (116) fo