Mini-review

Bone mineral density measurement in children

and adolescents

Roman S. Lorenc
Edyta Kryskiewicz

Department of Biochemistry and Experimental Medicine, The
Children’s Memorial Health Institute, Warsaw, Poland

Address for correspondence:

Roman S. Lorenc,

Department of Biochemistry and Experimental Medicine
The Children’s Memorial Health Institute

Aleja Dzieci Polskich 20, 04-736, Warsaw, Poland

Ph. +48 228151776

Fax +48 228151789

E-mail: czdbioch@warman.com.pl

Summary

Interpretation of densitometric measurements in children is
more complicated than in adults because of steady growth of
children over expressed by heterogeneity of skeletal deTxlo}. -
ment. Obtained results are additionally affected [y ate, sex
body mass, height, bone age, environmagntz| fac'ors /ind ill-
nesses. The aim of this review is={0 piovian overview of pre
sent status concerning meaju ei22tits 10 chidren and ghoten-
tial technical possikiiities,ani liniiatiziis.

KEY WAQRDS: hond ma s measurements, wos/ ibil ie .. limit ticas, children,
rasu ts ini2rprete tion.

Introducti or

The'clinizal"assessment of bone strength and fracture risk as
yvell in children as in adults has always been a difficult chal-
lenge for its practical solution. The reason for that seems to be
matter of both — focus and target. The problem concerns not
only how or how well to measure, but essentially what to mea-
sure, and mostly how to interpret the data. The additional spe-
cial challenge is interpretation of children’s data, what is relat-
ed to the fact that bone mineral accrual throughout childhood
and adolescence involves changes in bone size, geometry,
and mineral content (1). The processes evolve at varying rates
in different regions of the skeleton, with appendicular growth
preceding spinal mineral acquisition. Trabecular and cortical
compartments respond variably to sex steroids, calcium intake,
and mechanical loading. The tempo of mineral accrual is more
closely linked to pubertal and skeletal maturation than to
chronological age, and these processes vary with gender and
ethnicity. Additional problem is related to limited access to pe-
diatric reference data (2).

Dual-Energy X-Ray Absorptiometry (DXA)
The most commonly used technique for the assessment of

bone mineral content has became densitometric measurement
with the use of DXA. DXA measurements are performed in the
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lumbar spine, femurs, forearms, and the whole body. Principle
of operation of DXA measurement relies on the fact that when
X-ray beam scans across the region of interest, bone attenu-
ates the passing energy (3, 4). The differences in relative at-
tenuation are calculated and expressed as bone mineral con-
tent (BMC) in grams. Later on BMC values became divided by
the projected area of the bones analyzed, referred convention-
ally as BMD and expressed as grams per square centimeter.
Limitation is that referred as areal density DXA does not repre-
sent a volumetric density measurement. Additionally DXA can-
not eliminate cancellous from cortical bone, and the resulting
values reflect as the sum of both components (2). Beside sub-
stantial differences, a remarkable increase in BMD is observed
in both sexes after the onset of puberty reaching a peak at ap-
proximately the time of cessation of longitudinal growth and
epiphyseal closure (5, 6).

Quentitative Computed Tomogrzpliy (G °T)

QCT is an establishethtecani vicifq wwicasuring BMD in the axi-
al and aprenciculir tkeictan (7, 8). CT image is formed by
threqrGin ensior al vaxels, which are small squares of different
optice! densibwdepending on the tissue they represent. Unfor-
tlhately, beside significant irradiation, in small or sick children
the size of cancellous and cortical bone is frequently smaller
than the voxel size, therefore, not only bone but also marrow
can be represented (9). The recent application of QCT to as-
sess the appendicular skeleton as pQCT has significantly
dropped potential irradiation and improved the ability to mea-
sure cortical bone in this area. By this means it can be mea-
sured: the cross-sectional area (cm?), bone geometry, and the
cortical bone density. Results expressed as grams per cubic
centimeter (vBMD) beside being true volumetric measurements
(9) are providing with information about bone geometry what
allow to calculate noninvasively (using special algorithm) so
called Strength-Strain Index (SSI). The SSI has been shown to
provide a good estimate of bone mechanical strength at least
of the human radius and tibia (1).

Quantitative Ultrasound measurement (QUS)

The first generation of QUS systems characterized the bone tis-
sue with the use of two relevant parameters: the speed of
sound (SOS) and the attenuation of the signal [broadband ultra-
sound attenuation (BUA)] (2). The amount of attenuation de-
pends on the structure, the specific acoustic properties of the
medium, and the wavelength the ultrasound signal used (10). In
performed in vivo ultrasound measurements, it is not possible to
separate absorption from scattering what is resulting measure-
ment of total attenuation (11). Generally, QUS devices provide
a combined measurement nominated “stiffness” or “quantitative
ultrasound index”. These parameters are calculated from both
SOS and BUA values indirectly reflected information of strength
as bone quality (2). Amplitude of the ultrasound signal decreas-
es with the increase in bone porosity and lead to the identifica-
tion of an amplitude-related measurement of SOS (AD-SOS).
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Expressed in meters per seconds parameter is able to magnify
the differences in SOS as measured in diverse bone status
(12). SOS measured along cortical bone with little interference
of soft tissue could also provide some relevant information
about the biomechanical behavior of that kind of tissue as a
whole, regarding all the matrix mineralization and the mi-
crostructural factors of bone material quality together. Even
when this approach is used it still needs to be validated. In sum
up, QUS can be regarded as promising technique for improving
noninvasively the resources of bone strength (1).

Limitations of bone mass measurements

Bone mass measurements obtained with DXA in children have
the advantages of low cost, accuracy, and low radiation exposure
(2). However, DXA is a projection technique, and its measure-
ments are based on the two dimensional assessment of a three
dimensional structure without taking to consideration potential
changes in three skeletal functions: the size of the bone, the vol-
ume of the bone examined and its mineral density. In trial of solv-
ing these issues mathematical models were developed that ac-
count for the dimensions of the bone; as examples cross-section-
al area of the vertebrae is shaped in them like a cube and long
bones — like cylinder with a circular base. Similar formulas were
proposed for the femur and the midradius (13). The potential in-
accuracies of DXA measurements are related to lack of homoge-
neous distribution of soft tissues. Inhomogeneous fat distribution
may influence DXA measurements by as much as 10% (14). The
next source of error for DXA bone mineral analysis can be the
use of inappropriate software for both the acquisition and the suh-
sequent analysis of the data. It became obvious that on'y appre-
priate use of reference data necessitates comaarion «f the re
sults of DXA examinations with differept0riat ve, C ata ses(15).
Another considerable error of DX/ ineassremehts is head dengi-
ty involvement in total ba<y"pragra m 1€).

Some resolutionsi X\ timiitatians are over pasbed Ly thew se
of CT butsthe cpai®anc iraccessibility”of/ C'i\ scannzre have
mariied v tinited (ts use in bor€ ieesur/:zmeriis. 1T should be
[ otedhat wrien assessiny the inetal hysCai regions of the long
bane< by QCT tréaoeculal fbone (=x€asurements are influenced
by corticaisbcae thickness=tGue to beam-hardening effects or
nhoton(scatteriag=Tis error is especially prominent in pQCT
cvalpaticnsAf the radius (17).

&iishe last, coming to QUS, despite extensive research, the
question what it really measure when using this technique, still
remains unanswered. SOS signals are greatly influenced by
the material density of bone whereas BUA depends on many
structural parameters that contribute to scattering and attenua-
tion of sound waves. Also QUS measurements are limited to
skeletal locations where the interference of soft tissue is mini-
mal such as the calcis, the patella, and the phalanxes (2).

In addition, no matter which techniques are used for measure-
ment of bone mass, the development of proper reference data
for its evaluation is crucial matter. Chronological age- and sex-
matched normal values are not sufficient to correctly interpret the
data. Important for evaluation are anthropometrical variables
like: weight and height, but also skeletal age, and pubertal stage
(2). Moreover, the functional association between muscle and
bone through a regulatory mechanism (mechanostat) should be
considered. Mechanostat theory suggests that the statistical as-
sociation between LBM and BMC reflects a direct cause-and-ef-
fect relationship. If muscle forces drive bone development, then
analyses of muscle function should also be added to the arma-
mentarium of clinicians diagnosing bone disorders. Many bone
disorders may at least partly be due to muscle disuse or dys-
function, opening a new field of potential targets for therapeutic
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interventions (18).
Novelties in measurement programs

Speed of measurement by densitometric techniques in children
is of great importance, because it is hard to keep children mo-
tionless during the performance. However, utilization of speed-
ing up measurement as fan beam technique has still some dis-
advantages enforcing the needs of its further evaluation and
cross-calibration. For accurate determination of bone mineral
accrual in growing subjects with the use of DXA correction of
all magnification errors is needed. Children with growth abnor-
malities often show deficient BMD for chronological age. That
might be a reflection of growth irregularities rather than poor
bone mineralization. Taking on account body size deficit, im-
proves significantly the assessment of bone status in children.
In the newest software for DXA appeared the possibility of ad-
justing body size using three-step assessment: height for age,
BMC for height and bone area for height (19). Moreover, incor-
poration of the variable standard deviations in DXA pediatric
reference data results in more accurate assessment of pedi-
atric skeletal health; what is especially ortant during pubertal
growth spurt. The other prospective technical improvements
are related to incorporation of reference ranges for subcranial
BMD and normalization of skeletal status with the use of mus-
cle mass adjustment (20).

Summary

Sumiing up the following moin'sishoiild b specially under-
lined. I children d=2taye’ aluctio @exsiasively Z-scores should
Lestsed. Thestiaghosis ¢f osczoporosis in children should be
not oniyTimi2270 \'ensitometric criteria. In diagnostic, helpful
Qe tile fectori lie bone geometry, bone size, pubertal stage,
sierethl maturity, and body composition. Terminology such as
‘Icw bone density for chronological age” may be used when
the Z-score is below -2.0, with spine and total body usage as
preferred skeletal sites for measurement. Serial BMD studies
should be done on the same machine using the same scan-
ning mode and software. Such a way of thinking is steadily ex-
ecuted in general practice. It is also supported by International
Society for Clinical Densitometry (ISCD) published in Novem-
ber 2003 in their position statement (21).

References

1. Ferretti JL, Cointry GR, Capozza RF. Noninvasive Analysis of Bone
Mass, Structure, and Strength. In: Yuehuei H, ed. Orthopedic Issues
in Osteoporosis. CRC Press. Boca Raton. 2002:145-161.

2. Mora S, Bachrach L, Gilsanz V. 2003. Noninvasive Techniques for
Bone Mass Measurement. In: Glorieux FH, ed. Pediatric Bone. Bi-
ology & Diseases. New York, USA: Academic Press, Elsevier Sci-
ence. 2003:303-324.

3. Cullum ID, Ell PJ, Ryder JP. X-Ray Dual Photon Absorptiometry:
A New Method for Measurement of Bone Density. Br J Radiol.
1989;62:587-592.

4. Kellie SE. Measurement of Bone Density with Dual-Energy X-Ray
Absorptiometry (DEXA). J Am Med Assoc. 1992;267:286-294.

5. Theintz G, Buchs B, Rizzoli R, et al. Longitudinal Monitoring of
Bone Mass Accumulation in Healthy Adolescents: Evidence for a
Marked Reduction after 16 Years of Age at the Levels of Lumbar
Spine and Femoral Neck in Female Subjects. J Clin Endocrinol
Metab. 1992;75:1060-1065.

6. Bachrach L, Hastie T, Wang M-C, et al. Bone Mineral Acquisition
in Healthy Asian, Hispanic, Black and Caucasian Youth. A Longi-
tudinal Study. J Clin Endocrinol Metab. 1999;84:4702-4712.

7. Cann CE, Genant HK. Precise Measurement of Vertebral Mineral

159



R.S. Lorenc et al.

10.

11.

12.

13.

14.

160

Content Using Computed Tomography. J Comput Assist Tomogr.
1980;4:493-500.

Cann CE. Low-Dose CT Scanning for Quantitative Spinal Mineral
Analysis. Radiology. 1981;140:813-815.

Hantgartner TN, Gilsanz V. Evaluation of Cortical Bone by Com-
puted Tomography. J Bone Miner Res. 1996;11:1518-1525.

Wear KA. Frequency Dependence of Ultrasonic Backscatter from
Human Trabecular Bone: Theory and Experiment. J Acoust Soc
Am. 1999;106:3659-3664.

Wear KA. Anisotropy of Ultrasonic Backscatter and Attenuation
from Human Calcaneus: Implications for Relative Roles of Absorp-
tion and Scattering in Determining Attenuation. J Acoust Soc Am.
2000;107:3474-3479.

Nieh CF, Richards A, Boivin CM, et al. Factors Influencing the
Speed of Sound through the Proximal Phalanxes. J Clin Densitom.
1999;2:241-249.

Kroger H, Kotaniemi A, Vainio P, et al. Bone Densitometry of the
Spine and Lemur in Children by Dual-Energy X-Ray Absorptiome-
try. Bone Miner. 1992;17:75-85.

Hantgartner T. Influence of Fat on Bone Measurements with Dual-

15.

16.

17.

18.

19.

20.

21.

Energy Absorptiometry. Bone Miner. 1990;9:71-78.

Wang J, Thornton JC, Horlick M, et al. Dual X-Ray Absorptiometry
in Pediatric Studies. Changing Scan Modes Alters Bone and Body
Composition. J Clin Densitom. 1999;2:135-141.

Taylor A, Konrad PT, Norman ME, et al. Total Body Bone Mineral
Density in Young Children: Influence of Head Bone Mineral Densi-
ty. J Bone Miner Res. 1997;12:652-655.

Hantgartner TN. Correction of scatter in computed tomography im-
ages of bone. Med Phys. 1987;14:335-340.

Rauch F, Bailey DA, Baxter-Jones A, et al. The ‘muscle-bone unit’
during the pubertal growth spurt. Bone. 2003;34:771-775.

Fors H, Swolin Eide D, Valdimarsson S, et al. Evaluation of the
Performance of New Pediatric BMD Software the Lunar Prodigy
(abstract). Bone. 2005;36(Suppl 1):S68.

Barden HS, Wacker WK, Faulkner KG. Pediatric Enhancements to
Prodigy Software: Variable Standard Deviations and Optional Ex-
clusion of Skull Region from Total Body Results (abstract). Bone.
2005;36(Suppl 1):S66.

Avery G. Pediatric DXA — A Different Direction for Facilities Only
Used to Imaging Adults (abstract). Bone. 2005;36(Suppl 1):S79.

Clinical Cases in Mineral and Bone Metabolism 2005; 2(2): 158-160



