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Do patients that fracture with normal DXA-measured BMD
have normal bone?
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Abstract
Mini abstract Patients that sustain “osteoporosis-related” fractures may have normal BMD at the hips and spine, but rarely have
normal bone when other clinically available studies are considered. Such data often exist and can inform clinical decisions
regarding osteoporosis therapy.
Purpose Dual-energy X-ray absorptiometry (DXA) measured bone mineral density (BMD) at the hip and spine is widely used to
diagnose osteoporosis. However, patients that sustain “osteoporosis-related” fractures often have normal BMD at these sites. The
aim of this study was to explore whether older adults with fracture, but normal reported hip and spine BMD, also have normal
bone using additional clinically available assessments.
Methods This retrospective electronicmedical record study included 387 patients evaluated by a university-based fracture liaison
service with spine and hip DXA; 32 (8.3%) had normal spine/hip BMD reported. In this cohort, clinically available bone data
including 0.3 and ultradistal radius T-scores, trochanteric T-scores, lumbar spine trabecular bone score (TBS), L1 opportunistic
CT Hounsfield units (HU), and femoral cortical index (FCI) were assessed.
Results One or more of the above noted studies were available in 30/32 patients. UD and 0.3 radius results were available in 21
patients, and 18 (85.7%) had T-scores < − 1.0. Trochanteric values were available in 16; T-scores were < − 1.0 in 18.8%. TBS
data were available in 24; partially degraded or degraded values were present in 41.7%. L1 opportunistic CTwas available in 25
patients, 80%were below normal, and < 150 HU. Finally, femoral cortical index (FCI) was measurable in 9 subjects; 66.7%were
below < 0.4. When including all additional available data in the skeletal assessment, only 5/387 (1.3%) were identified with
normal bone.
Conclusion Patients with normal spine/hip BMDwho sustain fracture rarely have normal bone when all available data are considered.
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Introduction

Osteoporosis is often defined using bone mineral density
(BMD) by dual-energy X-ray absorptiometry (DXA) [1].
With this methodology, osteoporosis is present when the

BMD is 2.5 standard deviations or more below the average
value for a young healthy reference population (a T-score of ≤
− 2.5) [2]. However, most patients that sustain “osteoporosis-
related” fractures have T-scores better than − 2.5; indeed, 10–
20% of these patients are reported to have normal BMD as
measured by DXA [3, 4]. Other approaches to diagnosing
osteoporosis exist, with some guidelines suggesting that pres-
ence of a fragility fracture is diagnostic of osteoporosis [5].
Unfortunately, what constitutes a “fragility” fracture also has
challenges; it may be defined as “a fracture resulting from a
low-energy trauma that would not damage a normal bone” or
“a fracture caused by a fall from a height equal to or less than
that of the patient” [6]. However, there is no ideal clinical way
to determine when a fracture is “low-energy.” Finally, many
guidelines recommend pharmacologic therapy with osteopo-
rosis drugs for patients with fracture without need for BMD
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measurement, thus implying that these individuals have oste-
oporosis [7, 8]. However, data documenting that osteoporosis
medications reduce fracture risk in those with normal BMD as
measured by DXA are very limited [9].

Despite DXA being accepted as the gold standard for clin-
ical osteoporosis diagnosis and treatment monitoring [10], im-
portant limitations exist. Notably, spinal degenerative changes
elevate BMDwith this methodology [11]. Additionally, routine
DXA does not allow consideration of bone microarchitecture
despite osteoporosis being defined by one consensus confer-
ence as “low bone mass and microarchitectural deterioration”
[12]. As such, we hypothesized that many patients with fragil-
ity fracture and normal BMD measured by DXA at the classic
spine and hip sites do not have normal bone. Therefore, the
purpose of this study was to explore whether older adults with
fracture but normal reported DXA-measured BMD have nor-
mal bone when additional clinically available skeletal health
assessments are considered. Specifically, we hypothesized that
consideration of femoral trochanter and radius 0.3/ultradistal
DXAT-scores, lumbar spine trabecular bone score (TBS), lum-
bar vertebral opportunistic CT, and femoral cortical index
would demonstrate that individuals with fracture have abnor-
mal bone mass or quality.

Materials and methods

This is a retrospective electronic medical record review of
patients evaluated by a university-based fracture liaison ser-
vice (FLS). As these data were collected to explore whether
patients seen by our FLS with normal BMD should receive
osteoporosis medications, this work is IRB exempt. Our FLS
evaluation generally includes medical history, physical exam,
laboratory assessment, and BMD measurement by DXA. We
reviewed 387 patients seen by one FLS provider (KH) who
had spine and hip DXA performed either within our health
system or elsewhere. Of note, some of these patients had either
spine or hip DXA available but not both due to metallic arti-
facts at one of those sites. In this cohort, 32 (8.3%) were
reported to have normal spine/hip BMD in the formal DXA
interpretation.

In this subset of 32, a descriptive study involving chart
review was performed which consisted of the following:

1. When available, review of the DXA images and testing to:

a. Confirm accuracy of the DXA report, notably assessing if
vertebral bodies were excluded when appropriate follow-
ing ISCD guidelines [10].

b. Obtain T-scores of the femoral trochanter, 0.3, and ultradistal
radius. We applied the WHO classification, i.e., T-score ≤ −
2.5 as osteoporosis and − 2.4 to − 1.1 as osteopenia to these
sites to identify those with abnormal bone.

c. Obtain lumbar spine TBS.We utilized values from ameta-
analysis [13] and defined normal, partially degraded, and
degraded bone microarchitecture as TBS values ≥ 1.310,
1.309–1.230, and < 1.230, respectively.

2. Review PACS and perform lumbar spine opportunistic
CT Hounsfield unit (HU) measurement at L1 in those
patients with prior chest or abdominal images within
10 years prior to fracture [14]. L1 HU was obtained by
one person (SB) as previously described [14]. As contrast
material increases L1 HU by ~ 11 HU over unenhanced
scans [15], we deducted 10 HU for CT images with IV
contrast. At L1, CT HU < 100 is suggestive of osteoporo-
sis and > 100 HU to < 150 HU is suggestive of osteopenia
[14, 16].

3. Review PACS and calculate the femoral cortical index
(FCI) when proximal femur X-rays were available.
FCI ≤ 0.40 is highly suggestive of osteoporosis [17].
FCI was calculated by dividing the inner cortical thick-
ness by outer cortical thickness, measured 10 mm below
the lesser trochanter [18].

4. Determine the fracture circumstances in those remaining
patients with normal BMD by DXA and any other clini-
cally available data as noted above.

Descriptive statistics were performed using Microsoft
Excel.

Results

Study cohort

Study group characteristics are shown in Table 1. In this co-
hort, fractures leading to FLS evaluation included femoral, 20
(of which 10 were periprosthetic fractures); vertebral, 7; tibia,
2; and one each at the wrist, pelvis, and trimalleolar ankle. In
these 32 patients, 23 had a history of fracture prior to the one
that led to their FLS evaluation. Three of these patients had a
diagnosis of rheumatoid arthritis; two of whom had received
prednisone therapy. An additional 3 patients had a history of
glucocorticoid treatment. Various other clinical risk factors for
fracture, e.g., alcohol use, gastric bypass, vitamin D deficien-
cy, prior chemotherapy, were present in 22 of these patients.
FRAX scores were calculated; 13/32 had 10-year major frac-
ture risk > 20% and 17/32 had 10-year hip fracture risk > 3%.
There was one DXA report error; the L-spine T-score was
reported as normal but was actually − 1.9 after appropriate
vertebral exclusion, and this patient was included in the anal-
ysis as the DXA results were originally reported as normal. At
least one of the additional bone studies noted above was avail-
able in 30/32 of these patients.
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Additional bone status assessments (Fig. 1)

Femoral trochanter

In this cohort, 16/32 had trochanteric T-scores available. The
trochanteric T-score was < − 1.0 in 3/16 and normal in the
remainder. All of these 3 patients had T-scores in the osteopenic
range. Thus, in those in whom trochanteric BMD was avail-
able, DXA identified 18.8% with abnormal bone (Fig. 2).

Forearm

In this cohort, 21/32 had forearm DXA available; 8/21
patients (38.1%) had 0.3 radius T-scores in the osteopenic
range and 3/21 (14.3%) in the osteoporotic range. In the
remaining 10 patients with normal 0.3 radius, the UDR T-
score was ≤ − 1.1 in 5. In summary, those with radius
DXA had abnormal bone identified at the 0.3 and/or
UDR in 85.7% (18/21); in seven, the T-score was ≤ −
2.5 while the others were osteopenic.

TBS

Trabecular bone score (TBS), a bone texture score that serves
as a surrogate of bone microarchitecture [19], was available in
24/32 patients. Normal TBS was identified in 14/24 (58%)
patients, while 4/24 (16.7%) had TBS between 1.309 and
1.230 demonstrating partially degraded scores, and the re-
maining 6/24 patients (25%) had scores < 1.230 signifying
degraded TBS. Thus, in those with TBS, 10/24 (41.7%) were
identified as abnormal.

Opportunistic CT

Chest or abdominal CT scans performed within 10 years prior
to fracture were available in 25/32 patients. L1 HU was < 100
in 13/25 (52%) and < 150 but > 100 in 7/25 patients (28%).
Thus, L1 HU was low in 20/25 (80%) of this cohort.

FCI

Proximal femur X-rays were available in 9/32 patients, thus
allowing calculation of FCI. In these 9 patients, only 2 had
both right and left femur radiographs; the remaining 7 had
either right or left FCI. FCI identified 6 patients with abnormal
bone (FCI < 0.4).

Fractures in those with normal spine/hip DXA plus
other normal studies

In this cohort, only 2 patients had no additional bone-relevant
imaging available in the EMR. In those with one or more
available studies (n = 30), the additional available bone data
were normal in only 3 (10%). Thus, only 5 of these 32 patients
with fracture and normal spine and hip BMD could not be
classified as having abnormal bone. The patients with normal
spine/hip BMD and all additional bone studies being normal
had the following fracture history: One with a normal trochan-
teric T-score sustained right elbow and left wrist fracture fol-
lowing fall on outstretched hand, a second with normal TBS
and trochanteric T-score sustained a spontaneous T7 compres-
sion fracture, and a third with normal 0.3 and UD radius T-
scores sustained a left femur periprosthetic fracture after trip-
ping and falling on the stairs. In summary, in this review of
387 fracture patients seen by a FLS provider, only 5 (1.3%)
could not be identified as having abnormal bone using data
available in the EMR.

Discussion

In this cohort of fracture patients but normal reported spine/
hip BMD, additional readily available clinical bone data were
available in over 90%. When including these data in the

Table 1 Study cohort
characteristics (n = 32) Parameter Number (%)

Sex

Female

Male

25 (78.1)

7 (21.9)

Age (years)

Mean

Range

71

54–85

BMI (kg/m2)

Mean (SD)

Range

32 (7)

22–48

L-spine T-score

Mean (SD)

Range

0.54 (1.04)

− 1.9–+3.0
Total femur T-score

Mean (SD)

Range

− 0.14 (0.32)
− 1.0–+0.8

Femur neck T-score

Mean (SD)

Range

− 0.33 (0.48)
− 1.0–+1.5

FRAX 10-year risk (%)

Major: mean (SD)

Range

Hip: mean (SD)

Range

20.7 (12.8)

6.4–44.0

7.1 (7.9)

0.2–27.0

All patients were Caucasian
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clinical skeletal assessment, very few (1.3% of the entire co-
hort) were identified as having normal bone. Moreover, it is
plausible that even some of these few might have had abnor-
mal bone if additional imaging studies were available. In those
where radius DXA or lumbar opportunistic CTwas available,
over 80% of patients were identified as having abnormal bone.
Thus, clinicians who are reluctant to utilize osteoporosis med-
ications in fracture patients with normal spine and hip DXA
are advised to seek additional data or testing evaluating bone
status in such individuals. Such data is often readily available
in the EMR with no additional cost or radiation exposure.
Moreover, while the focus of this report is to identify abnor-
mal bone in fracture patients, estimated fracture risk is often
used to guide use of pharmacologic therapy. In this regard,
approximately half of this cohort met FRAX thresholds for

therapy whether 10-year major or hip fracture risk were con-
sidered. As such, the results of this FLS-based cohort study
could be utilized to support pharmacologic agent use for pa-
tients with fracture and normal hip and spine BMD.

Our data demonstrating that ~ 8% of fracture patients over-
all have normal DXA-measured BMD are generally compa-
rable to prior reports. For example, Schuit et al. reported that
12.6% of women with non-vertebral fractures and 5.2% with
hip fractures had normal BMD and in men 17.9% with non-
vertebral fractures and 2.8% with hip fractures were reported
to have normal BMD [4]. Cranney et al. concluded that most
of postmenopausal women with osteoporotic fractures had
non-osteoporotic BMD values with an estimated 17% and
13% of women with fracture having normal BMD at the spine
and hip, respectively [20]. It is plausible that the numerically

Fig. 2 Prevalence of Abnormal Bone with Multiple Tests. Individual
patient data demonstrating the number of additional bone studies
available (orange bars) and the number abnormal (blue bars) is

depicted. In those with two or more additional bone study available
(n = 28) abnormal results were present at two or more sites in 20 (78.6%)

Fig. 1 Number of additional bone studies available and number abnormal
in this cohort. In this group of 32 patients with a normal spine/hip DXA
report, multiple other relevant bone studies were available in the
electronic medical record. These additional studies identified abnormal

bone with a frequency ranging from 16% (trochanter) to 80–86% (oppor-
tunistic CT and radius DXA respectively). Only two subjects had no
additional imaging
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lower number with normal BMD reported here reflects pa-
tients seen by a university hospital based FLS that might in-
clude those with more severe bone disease.

In patients who sustain fracture with a fall and are reported
to have normal BMD based on standard hips/spine DXA, it is
important to first assess for DXA errors [21] and subsequently
further evaluate to see if the bone is truly normal as such
knowledge may be important in treatment decisions, especial-
ly whether to utilize pharmacotherapy to decrease the subse-
quent fracture risk. Forearm BMD, lumbar spine TBS, oppor-
tunistic CT HU, and femoral cortical index calculated from
proximal femur X-rays are often clinically available to add
insight into the patients’ bone status.

We recognize that T-scores of the ultradistal radius were not
included in the WHO technical document used to develop the T-
score-based classification [2]. Nonetheless, we believe this rea-
sonable as low forearmBMD is a strong predictor of fracture risk
[22]. Similarly, trochanteric T-scores are not included in current
definition of osteoporosis. However, we believe this reasonable
as the trochanter was previously considered a diagnostic site and
predicts fracture risk [23]. Low TBS to define abnormal bone is
reasonable as it is a surrogate marker for trabecular bone
microarchitecture and its fracture predictive ability is independent
of FRAX clinical risk factors and femoral neck BMD [24]. The
cut-points selected to define abnormal bone were evidence based
[24] and are being advocated by the TBS manufacturer.
Moderate to severe compression fractures identified at CT are
frequently associated with non-osteoporotic T-scores by DXA
but have abnormally low vertebral attenuation values in majority
of the cases [14]. Osteoporosis screening can be performed con-
comitantly with chest or abdominal CT regardless of original
study indication; such studies are often available in the EMR.
This opportunistic approach allows bone assessment with no
additional radiation exposure or cost. The overall performance
for predicting osteoporosis is similar between enhanced and
unenhanced CT scans, thus either can be employed for initial
opportunistic screening. CT HU< 100 is suggestive of osteopo-
rosis and > 100 HU while HU< 150 is suggestive of osteopenia
[14, 16]. Finally, femoral cortical thinning and porosity are im-
portant in bone fragility making FCI a reasonable assessment of
bone status [18].

It is worthy of emphasis that not all available tests were
abnormal. We believe this is to be expected, given that
these methods assess skeletal sites with differing propor-
tions of cortical and trabecular bone and that trabecular
bone is lost more rapidly after menopause is widely rec-
ognized resulting in diagnostic discordance when multiple
skeletal sites are measured [25]. Additionally, it is
possible/likely that the various tests available clinically
have differential sensitivity and precision to define abnor-
mal reproducibility. As such, we believe it appropriate
that clinicians characterize their fracture patients’ bones
as abnormal if any of these tests are low.

Historically, periprosthetic fractures may not have been
considered “osteoporosis-related.” This perception is chang-
ing, we believe appropriately, as osteoporosis is increasingly
recognized as a risk factor for these fractures [26]. Moreover,
similar to classic osteoporotic fractures, the majority of
periprosthetic fractures result from low trauma [27]. Finally,
the morbidity andmortality of periprosthetic femur fractures is
virtually identical to that of the classic hip fracture [28].

A clear limitation of our study is small sample size; larger
studies evaluating other measures of bone in patients with
fracture but normal DXA-measured BMD are clearly called
for. Additionally, as noted above, it is possible that this cohort
has more severe bone disease given that they were evaluated
by a university-based FLS; thus generalizability may be lim-
ited. Another important limitation is that none of these mea-
sures directly assess bone quality. It has long been known that
osteoporosis is loss not only of mass but also quality [29].
Indeed, changes in quality likely contribute to bones becom-
ing more brittle with age [30]. Clinical tools evaluating bone
quality are sorely needed. Nonetheless, these data highlight
not only the availability of additional tests but also the impor-
tance of assessing other parameters in patients who sustain
fracture following minimal trauma but have normal BMD
based on T-scores at hips/spine.

In conclusion, patients with normal spine and hip BMD
who sustain fracture rarely have normal bone when all avail-
able data are considered. These data indirectly support recom-
mendations that postmenopausal women and men age 50 and
older with a hip or vertebral fracture should receive osteopo-
rosis medication as their bone is rarely normal.
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