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Abstract

Osteoporosis in adults has been defined on the basis of densitometric criteria, but at present the term osteoporosis
does not have a widely recognized definition in pediatrics. Consequently, the International Society for Clinical Den-
sitometry (ISCD) 2007 Position Development Conference reviewed the literature describing the relationship between
bone densitometric studies and fractures in apparently healthy children and adolescents, and prepared Official Posi-
tions regarding the definition of osteoporosis in children and adolescents. The ISCD Official Positions with respect to
the above issues, as well as the rationale and evidence used to derive these positions, are presented here.
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Introduction

Dual-energy X-ray absorptiometry (DXA) was originally
devised for use in adults. However, DXA studies are now
performed with increasing frequency in children and adoles-
cents as well. The clinical use of bone densitometry in adults
is mainly based on epidemiological studies that have found an
association between densitometric measurements, such as
areal bone mineral density (BMD) bone mineral content
(BMC), and fracture incidence in a number of populations
(1—4). However, results in adults cannot be simply extrapo-
lated to the pediatric age range for a variety of reasons, in-
cluding the influence of growth on DXA results and the
different fracture epidemiology in children and adolescents.
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The incidence of fracture in healthy children or adoles-
cents is similar to the lifetime risk of osteoporotic fracture
as an adult (5—7). Between a third and one half of all children
will have at least one fracture by the end of their teenage
years (5,8). Nevertheless, the characteristics of fractures differ
markedly between healthy children and osteoporotic adults.
Adults with osteoporosis frequently sustain hip and spine
fractures, whereas such fractures are very rare in healthy chil-
dren. In osteoporotic adults, fractures often are caused by
a simple fall from standing height, but healthy children sus-
tain fractures commonly during more forceful trauma, such
as falls from playground equipment or sports activities
(5,9). In adults, osteoporosis is more common in females,
whereas in children more fractures occur in the male sex (7).

This task force was asked to examine the following
questions:

e Are DXA measures predictive of fractures in apparently
healthy children and adolescents?

e What are the densitometric criteria for the diagnosis of
osteoporosis in a child or adolescent?
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Methodology

A literature search was performed using the PubMed and
OVID MEDLINE databases for the time period from 1966
to February 2007. Combinations of the terms ‘‘bone mineral
density”, “BMD”, “BMAD”, *“children”, ‘“adolescents”,
“pediatric,” and “‘fractures”” were used. Studies were
included if they utilized measurements by DXA in apparently
healthy children and/or adolescents, and analyzed the rela-
tionship of the measurements with fracture occurrence. Stud-
ies in premature babies and young infants were not included,
as fractures in this age group are of very different etiology
from those in older children, and infant DXA software has
numerous limitations related to the bone edge detection
algorithms in small subjects.

The methods used to develop, and grading system applied
to the ISCD Official Positions are presented in the Executive
Summary that accompanies this paper. In brief, all positions
were rated by the Expert Panel on quality of evidence
(good; fair; poor: where Good is evidence that includes
results from well-designed, well-conducted studies in repre-
sentative populations; Fair is evidence sufficient to determine
effects on outcomes, but the strength of the evidence is lim-
ited by the number, quality, or consistency of the individual
studies; and Poor is evidence that is insufficient to assess
the effects on outcomes because of limited number or power
of studies, important flaws in their design or conduct, gaps in
the chain of evidence, or information), strength of the recom-
mendation (A; B; C; or D: where A is a strong recommenda-
tion supported by the evidence; B is a recommendation
supported by the evidence; and C is a recommendation sup-
ported primarily by expert opinion), and applicability (world-
wide = W or variable, according to local requirements = L).
Necessity was also considered with a response of ‘‘neces-
sary” indicating that the indication or procedure is ‘‘neces-
sary” due to the health benefits outweighing the risk to
such an extent that it must be offered to all patients, and
the magnitude of the expected benefit is not small.

Are DXA Measures Predictive of Fractures in
Apparently Healthy Children and Adolescents?

ISCD Official Position

e Fracture prediction should primarily identify children at
risk of clinically significant fractures, such as fracture
of long bones in the lower extremities, vertebral compres-
sion fractures, or two or more long-bone fractures of the
upper extremities.

Grade: Fair-C-W-Necessary

Rationale
General Assessment of the Literature. The published evi-
dence on the relationship between DXA analyses and frac-

tures in children and adolescents was found to be quite
limited. Eleven studies were identified. In three of these
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studies fractures were assessed prospectively after a baseline
DXA scan (10—12). In the other studies DXA scans were
obtained only after the fracture had occurred (13—19). Even
though ‘fracture prediction’ implies forecasting future events,
such retrospective reports were nevertheless reviewed, given
the overall scarcity of information on the topic in question.

One might assume that DXA results best predict fractures
at skeletal sites that are directly assessed by the analysis.
However, a DXA scan at a different skeletal site might also
be informative if the correlation between sites is sufficiently
high. We therefore evaluated site-specific and systemic frac-
ture prediction separately. Among the skeletal sites where
regional DXA analyses are frequently performed (lumbar
spine, hip, forearm), only the forearm is a common fracture
location in healthy children and adolescents. Therefore, the
relationship between site-specific DXA results and fracture
was assessed in the forearm only.

Forearm Fractures and Forearm DXA Results

Retrospective studies by Goulding et al. found that
children and adolescents with recent distal forearm fractures
had lower areal BMD at the ultradistal radius and at the
one-third (33%) radius, compared with controls (13,14).
Comparing subjects with ultradistal areal BMD Z-scores be-
low —1 to those with results above this value, the age- and
weight-adjusted odds ratios (OR) for distal forearm fractures
were 2.39 (95% confidence interval [CI]: 1.13 to 5.05) in
girls, and 2.63 (95% CI: 1.27 to 5.45%) in boys. Similar
results were found for the one-third (33%) radius in boys,
but in girls the odds ratios were not significant for that site.

In a prospective study the same group evaluated the rela-
tionship between DXA results at the radius and subsequent
fractures at the distal forearm (/0). Of the 170 girls who
were included in this study, 82 had sustained a forearm fracture
shortly before the DXA scan was performed, whereas the other
88 age-matched girls were fracture free. Neither areal BMD at
the ultradistal radius and at the one-third (33%) site of the ra-
dius, nor Bone Mineral Apparent Density (BMAD, an estimate
of three-dimensional mineral density based on DXA bone area
and BMC) at the one-third (33%) site of the radius were signif-
icantly associated with the occurrence of subsequent distal
forearm fractures (n =27) over the following 4 yr. BMC
results were not indicated in that report. However, in a different
study Ferrari et al. found that compared to controls, BMC was
lower at the ultradistal radius and at the radius diaphysis (the
size of the difference is not provided in the report) in 32
prepubertal girls who sustained upper limb fractures in the
8.5 yr following the DXA scan (12).

The Expert Panel concluded from these data that low
ultradistal and one-third (33%) radius areal BMD adjusted
for age and gender (Z-score) is associated with distal forearm
fracture.

Forearm Fractures and DXA Results at Other
Measurement Sites

In cross-sectional studies conducted after the fracture
event occurred, significant relationships between DXA results
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and distal forearm fractures were found for lumbar spine
(13,14,20), femoral neck (14,20), trochanter (I4), and total
body (20). The largest cross-sectional study (321 fracture
cases and 321 controls), found that areal BMD and BMAD
at these sites were associated with forearm fractures to a sim-
ilar extent as the metacarpal index, a measure that can be
determined from standard hand radiographs (as the ratio
between cortical width and bone diameter at the mid-shaft
of the second metacarpal) (20). Analyses of the area under
the receiver operating characteristic (ROC) curve for a variety
of DXA results (BMC, areal BMD and BMAD at the lumbar
spine, hip and total body), and forearm fracture risk found
that spine and hip BMAD were the only DXA measures
that had a statistically significant relationship with fractures
in both males and females (18). However, the maximal area
under the ROC curve, found for spine BMAD, was only
0.61 (95% CI: 0.55 to 0.66), indicating that this test had
a rather weak predictive accuracy for forearm fractures
(a value of 1 indicates a perfectly accurate prediction, a value
of 0.5 means that there is no relationship between prediction
and outcome).

The association between forearm fractures and DXA re-
sults at sites other than the radius was prospectively assessed
in a study cohort that included a group of girls who previously
had experienced distal forearm fractures, and girls who had
not had a fracture before (1/0). Total body areal BMD, but
not lumbar spine areal BMD and BMAD, was independently
associated with distal forearm fractures in the 4 yr following
the DXA scan. After adjustment for previous fracture, age and
weight, the hazard ratio for distal forearm fracture was 2.01
(95% CI: 1.12 to 3.60) for each standard deviation (SD)
decrease in total body areal BMD.

Based on these data, the Expert Panel judged that low
lumbar spine areal BMD and BMAD adjusted for age and
gender (Z-score) are associated with distal forearm fracture.

Fractures at all Skeletal Sites Combined
and Regional DXA Scans

A retrospective study found that children who had
sustained a fracture a few days before the DXA analysis
had lower height- and weight-adjusted lumbar spine areal
BMD and BMC (by 0.76 and 0.74 SD, respectively) than
fracture-free controls (19).

In a prospective study of 125 girls (baseline age: 6—9 yr)
Ferrari et al. compared BMC at the ultradistal radius; radius
diaphysis; femoral neck; trochanter; femoral midshaft; and
lumbar spine between girls who sustained fractures at any
site (n = 42; 76% of fractures affected the upper limb), and
those who remained fracture free (n = 83), in the 8.5 yr fol-
low-up interval (/2). The only significant difference between
groups was found for BMC at the radial diaphysis, which was
4.3% lower in the fracture group. This difference in bone
mass was due to a smaller bone diameter, whereas areal
BMD and volumetric BMAD were similar between groups.

Clark et al. compared baseline DXA results at the right
humerus (as derived from total body DXA scans), in 549 chil-
dren who had fractures (83% in the upper extremities) in the
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2 yr following the scan to those of 836 children who did not
sustain fractures (/). Both areal BMD and BMAD were
significantly associated with the occurrence of fractures.
The highest OR for fractures, 1.40 (95% CI: 1.21 to 1.62)
was found for areal BMD after adjustment for height and
log-transformed weight.

Fractures at all Skeletal Sites Combined and Whole
Body DXA Scans

In a retrospective study, Manias et al. found that height-
and weight-adjusted total body (including head) BMC and
areal BMD were lower in children who recently had sustained
fractures as compared to fracture-free controls (79). As the
subjects in the fracture group had casts at the time of the
study, arms or legs were excluded from the total body DXA
analyses, depending on which limb carried the cast. Average
results of the remaining skeletal areas were between 0.81 and
1.65 SDs lower in the fracture group than in the control
group.

In by far the largest study reviewed here, Clark et al. pro-
spectively followed 6213 children and examined the relation-
ship between baseline total body DXA results and fractures in
the 2 yr following the scan (//). The head was excluded from
the DXA analyses and results were given as total body less
head (TBLH). The stated rationale was that “previous studies
had suggested that the head is not responsive to environmen-
tal stimuli such as physical activity” (21). A total of 549 chil-
dren (8.9% of the study population), sustained fractures
during the follow-up period; 83% of fractures affected the
upper limbs. The report does not mention cases of fractures
in the femur or skeletal sites other than the limbs. Average
TBLH areal BMD was 0.6% lower in fracture cases than in
study participants that remained fracture-free during the
follow-up period. The OR for fracture per SD decrease in
TBLH areal BMD was 1.12 (95% CI: 1.02 to 1.25). No rela-
tionship between baseline age-adjusted TBLH BMC and sub-
sequent fractures was found (p =0.19). However, when
height, weight, and TBLH bone area were added to the logis-
tic regression model, the ORs for the risk of fracture increased
to 1.89 (95% CI: 1.18 to 3.04). The authors concluded from
this “results showed an 89% increased risk of fracture per
SD decrease in size-adjusted BMC™.

Although the report published by Clark et al. is currently
the most informative analysis on DXA results and fracture
risk in children, there are limitations to the study that poten-
tially may have biased the results (717). First, the final analysis
was apparently based on less than half of the population that
had been invited to participate, which may have selected for
children where skeletal problems were a concern to the
parents. Second, the fracture count was based on radiographic
evidence in only 35% of cases, and solely relied on
questionnaire information in the other subjects with fractures.

The Expert Panelists concluded from this evidence that
low BMC of the TBLH adjusted for age and gender (Z-score),
and low bone area of the TBLH adjusted for age and gender
(Z-score), are not associated with fractures at all sites com-
bined. However, the following measures are associated with
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fractures at all sites combined: low BMC of TBLH adjusted
for height and gender (Z-score); low BMC of TBLH adjusted
for age, height, weight, and bone area; and low bone area of
TBLH adjusted for age, height, and weight (Z-score).

BMAD and Fractures

DXA provides two-dimensional, ‘areal’ BMD results, but
several techniques have been proposed to estimate three-
dimensional or ‘volumetric’ BMD using the bone area and
BMC results from the DXA scans (22—25). The idea of using
estimates of volumetric BMD (termed BMAD in this article)
is thus to assess whether bone mass is adequate for bone
volume. This may help to decide whether a low bone mass
reading is due to small bone size or low three-dimensional
bone density.

Using data from a cross-sectional study on more than 300
children with upper limb fractures, Jones et al. analyzed the
area under the ROC curve (18). The area under the curve
was similarly low for areal BMD (range 0.55 to 0.56), or
BMAD (range 0.53 to 0.59) at total body, hip and spine. In
a prospective study on prepubertal girls, Ferrari et al. showed
that areal BMD and BMAD at the radial diaphysis did not
predict fractures in the 8.5 yr following the DXA analysis
(12). In the prospective study by Clark et al., a significant
association was found between fracture risk at all sites
combined and both areal BMD and BMAD at the humerus.
After adjustment for height and log-transformed weight,
a higher OR was found for areal BMD (1.40, 95% CI: 1.21
to 1.62) than for BMAD (1.28, 95% CI: 1.14 to 1.45),
although the overlapping confidence intervals suggest that
the difference between ORs was not statistically significant.
Thus, there is little evidence that BMAD measures are more
closely associated with fractures than areal BMD.

Effect of Adjustment for Body Size

Surrogate parameters of bone strength such as bone mass
should not be seen in isolation but have to be related to the
loads that act on the skeleton. These loads vary from situation
to situation and from bone to bone. However, in general it can
be assumed that in the case of an accident such as a fall,
a large body puts more loads on the bones per square
centimeter (cm) cross-sectional area than a small body.

It therefore makes sense to relate surrogate measures of
bone strength to measures of body size. Indeed, most studies
that have examined the topic find that ‘adjustment’ for body
size strengthens the relationship between DXA results and
fractures. In the studies by Goulding and coworkers, the
ORs for fractures were consistently (albeit non-significantly),
higher when DXA measures were adjusted for age and
weight, as compared to adjustment for age alone (10,13,14).
In their prospective study, Clark et al. examined the effect
of adjusting for body size in detail (/7). Total body less
head BMC in itself was not associated with fractures (odds
ratio 1.07 [95% CI: 0.97 to 1.19]). Adjusting TBLH BMC
for height increased the OR to 1.25 (95% CI: 1.06 to 1.48),
and further adding weight to the model yielded an OR of
1.57 (95% CI: 1.26 to 1.96). The highest OR for fracture
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risk was found when TBLH BMC was adjusted for height,
weight, and bone area (1.89 [95% CI: 1.18 to 3.04]).

The Expert Panel concluded from these data that low BMC
of the TBLH adjusted for height and gender (Z-score), is as-
sociated with fractures at all sites combined. Similarly, low
BMC of the TBLH adjusted for age, height, weight, and
bone area is associated with fractures at all sites combined.

Discussion

A fracture occurs whenever the force acting on a bone
exceeds the load that the bone can withstand (‘bone
strength’). Bone densitometry provides surrogate measures
of bone strength, but the forces acting on a bone in a given
situation are unknown. Also, the load that a bone can
withstand is dependent on the type of bone, direction, and
type of the load (e.g., compression, tension, torsion) (26).
Translated into the clinical context this means that the ability
of a bone to resist fracture very much depends on the nature
of the accident. Whether a given situation leads to a fracture
thus depends on many factors, most of which are beyond the
reach of bone densitometric analysis (26). Despite these in-
herent methodological limitations, the reviewed literature is
suggestive of an association between a variety of DXA-based
parameters and fractures in childhood and adolescence. How-
ever, the available evidence has a number of critical gaps.

In order to evaluate whether a method ‘predicts’ fractures,
it is not sufficient to demonstrate a statistically significant
difference between groups of subjects with and without frac-
tures. Rather, it is necessary to indicate the time interval for
which the forecast is made and to present data about the
sensitivity and specificity of the prediction. None of the pro-
spective pediatric studies available to date provides such
information.

Associations between DXA results and fractures that have
been found in children of one age group or gender may not
apply to another age or gender group. For example, the
most informative longitudinal study reviewed here was lim-
ited to children aged 9.9 yr (1/1). Whether findings from this
study also apply to younger or older subjects is speculative
at present. Similarly, the relations between DXA results and
fractures described here may not apply to children with low
bone mass due to chronic disease.

Most importantly, the clinical severity of the observed
fractures was not considered in the reviewed studies. As
indicated in the next section of this report, the Expert Panel
endorsed a definition of osteoporosis in children and adoles-
cents that is based on the concept of a ‘clinically significant
fracture history’ (which is also defined in the next section).
However, the large majority of fractures reported in the exam-
ined studies were isolated upper extremity fractures (mostly
finger and distal forearm), or toe fractures. Distressing as
such events may be to the affected individual, the goal of cli-
nicians using DXA analyses is probably to identify patients
who are at risk of more serious events. This is in accordance
with the field of adult densitometry where DXA analyses are
used to assess the risk of events such as hip fractures, which
may have life threatening consequences. In the absence of any
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evidence on the topic, the Expert Panel was unable to judge
whether DXA measurements in children and adolescents
identify individuals who are at risk for developing a clinically
significant fracture history.

What are the Densitometric Criteria
for the Diagnosis of Osteoporosis in a Child
or Adolescent?

ISCD Official Positions

The diagnosis of osteoporosis in children and adolescents
should NOT be made on the basis of densitometric criteria
alone.

e The diagnosis of osteoporosis requires the presence of
both a clinically significant fracture history and low
bone mineral content or bone mineral density.

o A clinically significant fracture history is one or more
of the following:
m Long bone fracture of the lower extremities
m Vertebral compression fracture
m Two or more long-bone fractures of the upper
extremities
m Low BMC or BMD is defined as a BMC or areal
BMD Z-score that is less than or equal to -2.0, ad-
justed for age, gender, and body size, as appropriate.
Grade: Fair-C-W-Necessary

Rationale

In the opinion of the Expert Panel, pediatricians should
follow the lead of the adult bone field and reserve the term
‘osteoporosis’ for a condition that has significant morbidity.
However, the fracture epidemiology of children and adoles-
cents differs markedly from those in adults. Concepts that
were developed for use in adults may therefore not be directly
applicable to the pediatric age range. It is presently unknown
whether densitometric parameters can identify apparently
healthy children and adolescents who are at risk of develop-
ing significant morbidity as a consequence of low bone
mass or density. For these reasons, the Expert Panel judged
that the diagnosis of osteoporosis in children and adolescents
requires the presence of both a clinically significant fracture
history and low bone mass, or density.

Discussion

In 1993 an international consensus development confer-
ence defined osteoporosis as a ‘skeletal disease characterized
by low bone mass and microarchitectural deterioration of
bone tissue with a consequent increase in bone fragility and
susceptibility to fracture’ (27). However, 1 yr later, a panel
of 17 experts (WHO Study Group) recommended that osteo-
porosis in adults should be diagnosed on the basis of low bone
densitometry readings alone, regardless of fracture history or
microarchitectural deterioration (28). In their report, the study
group defined osteoporosis as a value for areal BMD that is
2.5 SD or more below the young adult mean value (28).
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This definition has come to be known as the “WHO criteria
for osteoporosis’ and has been applied worldwide ever since.
The stated reason for selecting the somewhat arbitrary cut-
off of 2.5 SD below the young adult mean was that “such
a cutoff value identifies approximately 30% of postmeno-
pausal women as having osteoporosis using measurements
at the spine, hip or forearm. This is approximately equivalent
to the lifetime risk of fracture at these sites” (28). Thus,
osteoporosis was defined so that the number of postmeno-
pausal women classified as having osteoporosis would corre-
spond to the number of women who were expected to have
osteoporotic fractures. In addition, the WHO Study Group
aimed at establishing a densitometric definition of osteoporo-
sis that would reflect the increasing incidence of osteoporotic
fractures with age. Therefore, it was explicitly stated that
“approaches that utilize age-matched reference ranges (e.g.,
the Z-score) are flawed, because the incidence of osteoporosis
would not rise with age even though bone mass was decreas-
ing with age, and the risk of fracture was increasing” (28).

The WHO criteria for osteoporosis were thus modeled to
mirror the epidemiology of osteoporotic fractures in postmen-
opausal women. Can this approach be transferred to the
pediatric age range? One might argue that the data by Clark
et al. suggest that DXA-based fracture predictions are possi-
ble to the same extent in children as in adults, as long as suit-
able outcome measures are used (/7). For example, it might
be feasible to determine a level of body size-adjusted
TBLH BMC below which fracture incidence is judged ‘ab-
normally high’. This level could then be declared to define
the densitometric criteria for pediatric osteoporosis.

However, it should be noted that the WHO criteria for
osteoporosis were not modeled to reflect the occurrence of
any fracture, but more specifically fragility fractures at the
hip, spine and forearm. It is unclear what type of fractures
should be classified as ‘fragility fractures’ in children and
adolescents. Also, it will be difficult to find a densitometric
parameter that reflects the fracture epidemiology in children.
For example, fracture incidence in British girls approximately
doubles between the age of 4 and 11 yr, but subsequently
decreases to levels below those observed in 4-yr olds (6).
The fracture incidence in 4-yr-old boys is 20% higher than
in girls of the same age, but 15-yr-old boys have three times
more fractures than 15-yr-old girls (6). None of the known
DXA-derived measures seems to mirror these age- and
sex-dependent changes in fracture incidence.

Finally, the clinical significance of the fractures should
probably be taken into account. The diagnostic criteria for
osteoporosis in adults were established to capture individuals
who have a high risk of developing problems that carry signif-
icant morbidity and even mortality. For example, a popula-
tion-based study found that hip and vertebral fractures are
associated with a 20% excess mortality over 5 yr (29). In
fortunate contrast, the vast majority of fractures in children
are treated without hospitalization or surgery, heal rapidly,
and result in no residual deformity or deficit. It is noteworthy
that in the 6213 children who were followed by Clark et al.
for 2 yr, 45% of fractures affected forearms, 13% fingers,
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13% toes, 6% elbow, 5% clavicle, 4% tibia/fibula and 3%
humerus (/7). Thus, a densitometric definition of osteoporosis
based on the results by Clark et al. would mostly identify
subjects with a high risk of forearm, finger and toe fractures.

In the opinion of the Expert Panel, the term ‘osteoporosis’
in children and adolescents should be reserved for a condition
that has significant morbidity, as it does in the adult bone
field. What constitutes ‘significant morbidity’ is certainly
open to debate. Any fracture in children and adolescents is
evidently painful and distressing, and can be the cause of
much anxiety for patients and parents alike. However, the Ex-
pert Panel members felt that ‘significant morbidity’ includes
the need for hospitalization and surgery, leads to chronic
pain or residual functional deficits. Although precise data
are lacking, it is clear that such complications are more likely
after long-bone fractures of the lower extremities and verte-
bral compression fractures than after short-bone fractures.
Repetitive fractures of upper extremity long bones might
also carry a higher risk of significant morbidity than isolated
fractures.

These considerations lead to the working definition of
osteoporosis in childhood and adolescence provided above.

Additional Questions/Suggestions for Future
Research

e What is the morbidity following fractures in children and
adolescents?

e How often do fractures lead to hospitalization, surgery,
chronic pain or residual functional deficits?

o Are DXA results predictive of further fractures in other-
wise healthy children who have a clinically significant
fracture history?

Summary

The ISCD Official Positions provided here define osteopo-
rosis in the pediatric age range. The diagnosis of osteoporosis
is based on both clinical information (fracture history), and
densitometric criteria. As more information becomes avail-
able, the criteria for the diagnosis of osteoporosis in children
and adolescents may undergo modifications in the future.
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