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Direct Measurement of Lead in Bone

A Promising Biomarker

Chronic excessive exposure to lead is widespread in indus-
trialized societies. In the United States, an estimated 3 mil-
lion young children have a blood lead level of 0.50 pmol/L (10
pg/dL) or more, the level considered by the Centers for
Disease Control and Prevention to indicate increased ab-
sorption.! Also, more than 1.4 million industrial workers have
the potential for chronic exposure through occupations such
as stained glass manufacturing, battery making, and bridge
demolishing .

See also p 197.

Despite the extent of this exposure, great gaps exist in our
knowledge of the chronic toxicity of lead.® For example, we
do not know the level of cumulative exposure in adults that
is associated with chronic dysfunction of the central or pe-
ripheral nervous systems. We do not know whether chronic
exposure is associated with motor neuron disease, parkin-
sonism, or other chronic neurological illnesses. We do not
know the fraction of hypertension or of renal failure that may
be attributable to elevated lead levels. In women, we know
little about the toxic consequences of the lead mobilization
that may occur during pregnancy, lactation, and menopause.
In men, we do not know the level of exposure that may be
associated with disordered spermatogenesis or other repro-
ductive dysfunctions.

Lack of a sensitive and specific biologic marker of cumu-
lative exposure has long been an impediment to research in
this field. The fundamental problem is that the blood lead
level, the traditional index of absorption, reflects only rela-
tively recent exposure because the half-life of lead in blood is
only about 36 days.* In persons with chronic exposure, there
is little correlation between a single, randomly obtained blood
lead level and either a cumulative index of absorption or the
body lead burden.

Now comes a technology—x-ray fluorescence (XRF') analy-
sis of lead in bone—that appears to hold substantial promise
for overcoming those limitations.? The XRF technique, as
reported in this issue of THE JOURNAL by Kosnett et al®
takes advantage of the fact that absorbed lead is stored in
bone and has a half-life in dense cortical bone of at least 25
years.* Thus, it is hypothesized that direct measurement of
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lead in bone will provide data on cumulative past exposure
and that these data will be useful for epidemiologic analysis
as well as for clinical assessment. The XRF technique is
noninvasive, relatively quick, and involves less than 2.5% of
the radiation of a chest x-ray examination.

Two XRF technologies have been described, K x-ray fluo-
rescence (KXRF) and L x-ray fluorescence (LXRF). The
KXRF technology has been more widely used and better
validated.” It measures lead approximately 37 mm into bone.
Therefore, it provides data on the total amount of lead across
the bone. The results are expressed in micrograms of lead per
gram of bone mineral (or in parts per million lead in bone).
This is the technology used by Kosnett et al.? The KXRF
technology has been validated by assessing lead concentra-
tions in doped plaster of paris bone models and in cadaver
samples. Additionally, the technology has been validated in
vivo, in that a high correlation (r=.84) has been found between
the coneentration of lead in bone and an index of cumulative
exposure in persons who had repeated blood lead testing in
the work setting.® The LXRF technology, which has been
used only in some pediatric studies, measures lead only 2 to
3 mm into bone.® Unlike KXRF, this technique is highly
sensitive to slight variation in thickness of the skin overlying
the bone and is sensitive also to movement. The theoretical
advantage of LXRF is that it may provide specific informa-
tion on lead levels in subperiosteal bone. Lead in subperi-
osteal areas may be more easily mobilizable than lead in dense
cortical bone and may therefore more rapidly reflect envi-
ronmental and physiological changes.

Epidemiologic and clinical studies that until now have been
difficult will become more readily feasible with XRF tech-
nology. One application will be further validation of the heroic
studies by Needleman and his colleagues on the chronic neu-
rological toxicity of lead.!®!! The earlier study by Needleman
et al'’ used tooth lead, as measured by XRF, as the indicator
of chronic exposure. In this remarkably thorough series of
investigations, it has been shown that lead is toxic to the
nervous system of young children at very low levels. The
work has been corroborated already by prospective epide-
miologic studies undertaken in Cincinnati, Ohio,'? Australia,®
and Europe.' With use of XRF, it now will be possible to
examine the chronic neurological toxicity of lead in adults as
well as in children by assessing dose with serial measure-
ments of lead in bone. The XRF technology may be useful also
in assessing the contribution of lead to neurological and psy-
chological dysfunction in adolescents and young adults who
manifest symptoms of developmental delay, dyslexia, or crimi-
nality.

Editorials 239

Downloaded From: https://jamanetwork.com/ by a CDC — Center For Disease Control User on 06/09/2020



The XRF technology has many potential applications for
improved diagnosis and for disease prevention. For example,
in working populations chronically exposed to lead, the ac-
cepted approach for lead poisoning prevention consists of
serial measurement of the blood lead level with periodic tem-
porary removal from exposure when the level exceeds the
legal limit.!s The danger inherent in this approach is that the
body burden may become substantial with continuing expo-
sure. With XRF technology, it now will be possible to assess
cumulative lead absorption in workers and determine whether
it results in chronic disease. Preventive strategies may need
to be reassessed. Other applications may include assessment
of bone lead levels in newly diagnosed hypertensives, in women
planning pregnancy, or in men experiencing reproductive
dysfunction.

The increasingly widespread application of XRF to the
study of lead in bone represents a most exciting development.
With this technology, we appear to be on the threshold of
achieving a substantially enhanced understanding of the
chronic toxicity of lead.
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Silicone Implants and Esophageal Dysmotility

Are Breast-fed Infants at Risk?

The association between silicone breast implants and the
development of rheumatic disease in their recipients has been
suggested by a growing number of case reports.'? Although
prospective studies of implant recipients are awaited to con-
firm and quantify the risk of autoimmune disease associated
with silicone breast prostheses, available evidence was con-
sidered sufficient to prompt the Food and Drug Administra-
tion’s January 1992 request for a voluntary moratorium on
further implantation of these devices and subsequent policy
restricting implant availability to controlled, clinical trials. A
variety of rheumatologic diseases have been reported among
implant recipients, with a high proportion of patients dis-
playing a sclerodermalike illness. Pathogenetic mechanisms
are unknown. Bleeding of silicone out of implants into peripros-
thetic tissues, as well as migration to more distant sites
including regional lymphoid tissue, is known to occur. The
potential for initiating a systemic immune response therefore
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exists, although most women with silicone breast implants
and rheumatic symptoms have normal results of common
immunologic tests. Small numbers of women with implants
have, however, been demonstrated to have circulating au-
toantibodies to a variety of connective tissue disease-related
polypeptides, including ribonucleoprotein, centromere, and
PM-Scl antigens.? More recently, antibodies against type I

See also p 213.

and type II collagen have been detected in a significant pro-
portion of implant recipients.* Whether silicone might induce
autoimmune disease through the induction of specific anti-
bodies that cross-react with native host proteins® or through
a nonspecific adjuvant effect is yet to be determined.

The report of Levine and Ilowite® in this issue of THE
JOURNAL raises new concerns regarding the safety of silicone
breast implants and suggests that not only the recipients, but
also their breast-fed children may be at risk for the devel-
opment of autoimmune disease. They evaluated 11 children
with chronic gastrointestinal symptoms, including abdominal
pain, chronic vomiting, and poor weight gain, born to women
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