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Bone mineralisation in preterm infants measured by
dual energy radiographic densitometry
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SUMMARY Dual energy radiographic densitometry was used to follow postnatal changes in the
bone mineral content of the radii of 15 infants of less than 30 weeks' gestation. The system
permitted bone mineral content to be measured with minimal disturbance to the infants in their
incubators. Mean bone mineral content at birth was 2-4 mg/mm shaft length, decreasing to
1-9 mg/mm at 6 weeks of age, before starting to rise. Mineralisation was poor compared with that
of a fetus at an equivalent postconceptual age. Mean intakes of calcium and phosphate were

considerably less than the intrauterine accumulation of these minerals and it is postulated that
this was the main cause of the poor mineralisation. Radiographic densitometry is both accurate
and precise and has advantages over photon absorptiometry in that it can be used to measure

bone mineral in infants who are not only preterm, but also ill enough to require intensive care.

The bones of a preterm infant are shorter, lighter,
and contain less calcium/unit length than those of a
fetus at an equivalent gestational age.' Osteopenia
and rachitic changes are frequent radiographic
findings, and spontaneous fractures are common.
Biochemical abnormalities, particularly hyper-
calcaemia, hypophosphataemia, and increased alka-
line phosphatase activity, have been reported in
association with problems of bone mineralisation in
premature babies.2

Identifiable radiographic changes are late mani-
festations of the metabolic bone disease of prema-
turity and are non-specific. To study this problem
further a method for measuring bone mineral
content is needed. Photon absorptiometry is both
sensitive and precise and has been used by several
workers.3 The equipment is, however, expensive
and its bulk makes it impractical for measurements
on babies who are too ill to be removed from their
incubators.
We have developed a system for measuring bone

mineral content in preterm infants using dual energy
radiographic densitometry that can be used on
preterm infants while they are undergoing intensive
care.5
The aim of this study was to use this technique to

measure and follow the postnatal changes in bone
mineral content of the radii of preterm infants.

Patients and methods

Infants of less than 30 weeks' gestation were
studied. Informed consent was obtained from the
parents.
Dual energy radiographs at 40 kv and 120 kv

were taken of the forearm within three days of birth,
at 7 days of age, and then weekly until discharge
from the unit. The arm was held in a plastic holder
that incorporated a calibration wedge with steps of
aluminium and perspex of varying thicknesses. The
radiographs were taken with the mobile camera
routinely used on the neonatal unit and with
minimal disturbance to the infants in their incu-
bators.

Records were kept of the intravenous and oral
intakes of calcium and phosphate, but in this study
no changes were made to the feeding policy of the
unit. Weight was recorded weekly and the length of
each radius measured directly from the radiographs.
The films were digitised by computer. The effect of
soft tissue was subtracted out by the use of low and
high energy films. Comparison with the step wedge
allowed the image of the radius to be converted into
an equivalent mass of aluminium and perspex. The
mineral content of the radius expressed as mg of
calcium and phosphorus/mm shaft length was then
calculated using known values for the radiographic

919

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.64.7_S
pec_N

o.919 on 1 July 1989. D
ow

nloaded from
 

http://adc.bmj.com/


920 Lyon, Hawkes, Doran, McIntosh, and Chan

Table Details of 15 infants. Values are expressed as mean
(range)

Gestation Birth weight Period studied
(weeks) (g) (weeks)

27-3 (25-29) 1133 (820-1480) 9 (5-13)

mass attentuation coefficients of aluminium
perspex, and bone.5
The total mineral content of the distal half of each

radius was measured and from this the average bone
mineral content/mm shaft length was obtained.
Changes in the mineral content of the metaphysis of
each bone were also measured at a point 2 mm from
the distal end.

Results

Fifteen infants were studied (table), and bone
mineral content varied along the shaft of the radius
(fig 1). On all radiographs there was a dense band at
the distal end of the bone and, for measurement
purposes, this first peak (A) was taken as marking
the start of the bone. Proximal to this peak there
was an area of lower density (B), and this region
showed the greatest changes in mineral content with
postnatal age.

Mineral content measured at birth increased with
increasing gestational age (fig 2). This figure also
includes data from four infants of gestational ages of
30 weeks or more. The values lie close to the curve
published by Greer et al using photon absorp-

6tiometry, which shows the mean bone mineral
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Fig 2 Bone mineral content ofindividual infants at birth
plotted against gestational age (open circles) compared with
data obtained by photon absorptiometry (closed circles).6

content of newborn infants at various gestational
ages. At the lower gestational ages the measurements
from this study are lower than those of Greer et al,
but all the points lie within two standard deviations
of the published mean values.

In figs 3 and 4 it can be seen that the bone mineral
content of the metaphysis and the average mineral
content of the shaft of the radius changed with
postnatal age. In each figure the changes are
compared with an 'intrauterine' stand4rd. This has
been calculated by taking an 'average' infant from
the group studied (that is, 27 weeks as shown in the
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Fig 3 Changes in mean (SEM) bone mineral content ofthe
metaphysis with postnatal age. Expectedfetal mineralisation
shown in upper trace.
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Fig 1 Plot ofbone mineral content (mg/mm) along distal
halfof radius. A =first peak; B=area oflower density.
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Fig 4 Changes in mean (SEM) bone mineral content of
shaft ofradius with postnatal age. Expected fetal
mineralisation shown in upper trace.

table), and, using the data of Greer et al, plotting
what would have happened to its bone mineralisation
had it remained in the uterus. It can be seen that had
the infants remained in utero, mineralisation would
have been significantly greater than was achieved
after birth.
The data for the first six weeks ot life in figs 3 and

4 are similar. At birth the mean (SEM) bone
mineral content was 2-4 (0.1) mg/mm, rising to 3-0
(0.2) mg/mm by 6 days of age. There was then a fall
to a minimum of 1-9 (0.2) mg/mm at 6 weeks,
followed by a steady rise in the mineral content of
the metaphysis (fig 3). The average bone mineral
content of the shaft also increased after 6 weeks, but

the rise was less pronounced than that seen in the
metaphysis (fig 4).

Despite the apparent poor mineralisation the
infants continued to gain weight and increase
bone length (fig 5). Birth weight was regained by 10
to 14 days, followed by a mean weight gain of
14 mg/kg/day (similar to that of the fetus). From
birth the radius increased in length by about
1*5 mm/week.
Using an 'average' infant from the group studied,

the data in fig 6 show the expected accumulation of
minerals had it remained in the uterus7 and this
is compared with the actual intakes of calcium and
phosphate plotted against postnatal age. Not all the
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Fig 6 Mean intakes ofcalcium andphosphate plotted
against postnatal age and compared with calculated
intrauterine accumulations.'
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dietary mineral would be retained, so the actual
accretion would be significantly less than the intakes
shown in the figure and much lower than the
amounts the infant would have received if it had still
been in the uterus.
No changes were made to the feeding policy of the

unit. Preterm infants were initially fed with expressed
breast milk or parenteral nutrition if oral feeds were
not tolerated. Once feeding was established, expres-
sed breast milk or a preterm formula was used.
Mineral supplements were added to the breast milk
at the discretion of the medical staff. All infants
were given 1000 units of vitamin D a day. There was
no correlation between intake and mineral content
of the radius.

Discussion

The use of dual energy radiographic densitometry
has permitted the measurement of bone mineral in
preterm infants, even when they are sick and
undergoing intensive care. The film, holder, and
calibration wedge fit easily into an incubator and the
baby needs the minimum of handling. Radiation
dosage is low, a whole body equivalent of 0-4 iSv
compared with 17-4 ItSv for a chest radiograph.

Using photon absorptiometry, mineral content is
measured in a short segment of bone.3 The data in
fig 1, however, show that mineral content is not
uniform along the shaft of the bone. In longitudinal
studies it is important to scan the same segment of
bone on each occasion, and this may be difficult to
locate using skin surface markings. Data in figs 3
and 4 show that changes in one part of the bone may
not reflect what is happening in the bone as a whole.
Changes in mineral content of the metaphysis
occurred earlier and were more pronounced than in
the rest of the bone. This is perhaps not surprising as
the metaphysis is the most active part of the bone.
A radiograph easily relates measurement to a

fixed position on the bone. It is also possible to
measure mineral at various points on the bone, or to
calculate the total bone mineral content. Any bone
may be used as long as it can be immobilised to
allow two radiographs to be taken with the bone in
the same position. In this study the distal half of the
radius was used but with minor alterations to the
technique it would be possible to measure total
mineral content in both forearm bones, which will
reduce the effect of variations along a bone or
between different bones.
The data in fig 2 show that there is reasonable

correlation between bone mineral measurements
obtained using radiographic densitometry and those
from photon absorptiometry, and this supports the
other validation studies of the system.S At the lower

gestational ages, however, the results from this
study appear to be consistently below those published
by Greer et al. This may be due to differences in the
racial composition of the two populations. In the
study of Greer et al the patients were predominantly
white (92%), but in this study eight were white and
seven Asian. At less than 35 weeks' gestation Asian
infants have lower bone mineral contents than white
babies,8 and this may have influenced the results in
this study.
During the first week of life there was a rise in

bone mineral content in every baby studied. During
the first few days of life preterm infants showed a
fall in plasma calcium concentration, possibly due to
low parathyroid hormone and to high circulating
concentrations of calcitonin.9 The initial rise in
mineral content could well be a result of these
hormonal changes. Over the next 4 to 6 weeks of life
the bone mineral content decreased. The bones
continued to increase in length, suggesting that
matrix was being laid down even if bone mineralisa-
tion was poor.
The data in fig 5 show that these babies had

mineral intakes considerably lower than a fetus of
equivalent postconceptual age, and this was probably
the main reason for the poor mineralisation. After
6 weeks bone mineral content increased even
though there was no change in dietary intake of
calcium and phosphate. This may have been due to
an improvement in the general health of the baby or
to increased retention of mineral as a result of better
gut absorption and lower renal losses.'0 11
The fact that bone mineral content improved

spontaneously does not mean that a period of
suboptimal mineralisation is acceptable. The long
term consequences are not known. Dental defects
have been associated with neonatal hypocalcaemia
and it has been postulated that transient disturbances
in calcium metabolism at a sensitive period of tooth
formation can have serious effects on enamal calci-
fication.12 In the short term, better mineralisation
should reduce the chances of spontaneous fractures
and lessen the possibility of rachitic respiratory
distress. 13

Nutrition groups in America'4 and Europe15 now
recommend intakes of calcium of 180-210 mg/kg/day
and phosphate of 120-140 mg/kg/day, which are far
in excess of the intakes given in this study and
greater than those given in most neonatal units in
Britain. There is some evidence that in preterm
infants who are otherwise well these higher intakes
result in better bone mineralisation.16
There may, however, be a problem in improving

mineral retention in sick preterm babies who need
intensive care. These infants are often parenterally
fed for long periods and it is difficult to keep high
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concentrations of calcium and phosphate in solution.
Problems such as patent ductus arteriosus are often
managed by fluid restriction, with subsequent reduc-
tion in the intakes of all nutrients including calcium
and phosphorus.
Dual energy radiographic densitometry is a

convenient method for accurately measuring and
following changes in the bone mineral content of
preterm infants. It entails minimal handling and will
be used in further studies to measure the effect of
diet on the mineralisation of those infants who are
not only preterm but also ill enough to require
intensive care.

We are grateful to Dr J Williams and the radiographers for all the
radiography and to Mrs B Gagen for typing the manuscript. F Chan
was supported by a grant from Milupa.
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