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Abstract
Background Quantifying bone mineral density (BMD) on
CT using commercial software demonstrates good-to-
excellent correlations with dual-energy x-ray absorptiom-
etry (DEXA) results. However, previous techniques to
measure Hounsfield units (HUs) within the proximal femur
demonstrate less successful correlation with DEXA results.
An effective method of measuring HUs of the proximal
femur from CT colonoscopy might allow for opportunistic
osteoporosis screening.
Questions/purposes (1) Do proximal femur HU meas-
urements from CT colonoscopy correlate with proximal

femur DEXA results? (2) How effective is our single HU
measurement technique in estimating the likelihood of
overall low BMD? (3) Does the relationship between our
comprehensive HU measurement and DEXA results
change based on age, sex, or time between studies?
Methods This retrospective study investigated the mea-
surement of HU of the femur obtained on CT colonoscopy
studies compared with DEXA results. Between 2010 and
2017, five centers performed 9085 CT colonoscopy stud-
ies; of those, 277 (3%) also had available DEXA results
and were included in this study, whereas 8809 (97%) were
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excluded for inadequate CT imaging, lack of DEXA
screening, or lack of proximal femur DEXA results. The
median number of days between CT colonoscopy and
DEXA scan was 595 days; no patient was excluded based
on time between scans because bone remodeling is a long-
term process and this allowed subgroup analysis based on
time between scans. Two reviewers performed HU meas-
urements at four points within the proximal femur on the
CT colonoscopy imaging and intraclass correlation coef-
ficients were used to evaluate interrater reliability. We used
Pearson correlation coefficients to compare the compre-
hensive (average of eight measurements) and a single HU
measurement with each DEXA result—proximal femur
BMD, proximal femur T-score, femoral neck BMD, and
femoral neck T-score—to identify the best measurement
technique within this study. Based on their lowest DEXA
T-score, we stratified patients to a diagnosis of osteopo-
rosis, osteopenia, or normal BMD. We then calculated the
area under the receiver operator characteristic curves
(AUCs) to evaluate the classification ability of a single HU
value to identify possible threshold(s) for detecting low
BMD. For each subgroup analysis, we calculated Pearson
correlation coefficients between DEXA and HUs and
evaluated each subgroup’s contribution to the overall pre-
dictive model using an interaction test in a linear regression
model.
Results The Pearson correlation coefficient between both
the comprehensive and single HU measurements was
highest compared with the proximal femur T-score at 0.75
(95% confidence interval [CI], 0.69–0.80) and 0.74 (95%
CI, 0.68–0.79), respectively. Interobserver reliability,
measured with intraclass correlation coefficients, for the
comprehensive and single HU measurements was 0.97
(95% CI, 0.72–0.99) and 0.96 (95% CI, 0.89–0.98), re-
spectively. Based on DEXA results, 20 patients were os-
teoporotic, 167 had osteopenia, and 90 patients had normal
BMD. The mean comprehensive HU for patients with os-
teoporosis was 706 30 HUs; for patients with osteopenia,
it was 1106 36 HUs; and for patients with normal BMD, it
was 1586 43 HUs (p < 0.001). The AUC of the single HU
model was 0.82 (95% CI, 0.77–0.87). A threshold of 214
HUs is 100% sensitive and 59 HUs is 100% specific to
identify low BMD; a threshold of 113 HUs provided 73%
sensitivity and 76% specificity. When stratified by decade
age groups, each decade age group demonstrated a positive
correlation between the comprehensive HU and proximal
femur T-score, ranging between 0.71 and 0.83 (95% CI,
0.59-0.91). Further subgroup analysis similarly
demonstrated a positive correlation between the compre-
hensive HU and proximal femur T-score when stratified
by > 6months or < 6months between CT and DEXA (0.75;
95% CI, 0.62-0.84) as well as when stratified by sex
(0.70-0.76; 95% CI, 0.48-0.81). The linear regression
model demonstrated that the overall positive correlation

coefficient between HUs and the proximal femur T-score is
not influenced by any subgroup.
Conclusions Our measurement technique provides a re-
producible measurement of HUswithin the proximal femur
HUs on CT colonoscopy. Hounsfield units of the proximal
femur based on this technique can predict low BMD. These
CT scans are frequently performed before initial DEXA
scans are done and therefore may lead to earlier recognition
of low BMD. Future research is needed to validate these
results in larger studies and to determine if these results can
anticipate future fracture risk.
Level of Evidence Level III, diagnostic study.

Introduction

Low bone mineral density (BMD) is a silently growing
epidemic, estimated to impact 71 million people by 2030
and affect more than half of the US population > 50 years
old [42]. According to the World Health Organization, a
diagnosis of osteoporosis and osteopenia, or low BMD, is
made based on dual-energy x-ray absorptiometry (DEXA)
scanning [17, 18]. The National Osteoporosis Foundation
recommends that in otherwise healthy individuals, DEXA
scanning should begin at age 65 years in women and age 70
years in men [9]. Consequently, as many as 25% of all
osteoporotic fractures will occur before the first DEXA
scan [6]. Given the increased rates of disability and mor-
tality after osteoporotic hip fractures [1, 4, 7, 8, 19, 23],
there is growing interest in using alternative screening
techniques such as CT for opportunistic osteoporosis
screening [12]. Opportunistic osteoporosis screening uti-
lizes biomedical screening tests (radiology, laboratory, etc)
obtained for other purposes to screen for patients at risk for
osteoporosis and may indicate a patient is at risk, but it is
not intended to replace the current gold standard, DEXA
screening.

CT images can also be used to calculate quantitative
BMD, which highly correlates (R2 > 0.9) with DEXA
results [11, 13, 28-30, 41, 44-46], but these calculations
often require the use of additional proprietary software that
is not available to all clinicians. In contrast, Hounsfield
units (HUs) are a measure of attenuation on CT imaging
that are available on most imaging platforms, and although
they are less accurate than the software-produced BMD
values, there is a strong relationship between HU of the
lumbar spine and upper extremity when compared with
DEXA results [5, 16, 21, 31, 32, 34, 35, 40]. However, HU
measurements of the proximal femur are less common, use
differing methods, and produce less impressive results [22,
26]. This may be secondary to ambiguity regarding the
various techniques and locations to measure (such as the
femoral head, femoral neck, trochanteric region, or a
combination), accounting for the wide intra- and interrater
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reliabilities (intraclass correlation coefficient [ICC],
0.5-0.9) and lower correlations (r = 0.4-0.5) between the
femoral head, femoral neck, and greater trochanter HU and
DEXA reported by Lee et al. [22].

To our knowledge, no study has described or
evaluated a comprehensive measurement of proximal fe-
mur cancellous bone using HUs. Using HUs is practical
and increases the generalizability of the measurements,
incorporates the maximal amount of cancellous bone in the
proximal femur at risk for fracture, and may be useful until
proprietary quantitative CT software is readily available in
all clinical settings. We created a technique to compre-
hensively measure proximal femur HUs and studied
whether this technique would correlate with DEXA results
and predict BMD status. We chose CT colonoscopy, an
accepted screening method for colorectal cancer, over
pelvis or hip CT because it is used in the same age de-
mographic that is at risk for osteoporosis [24, 37], and
images would be obtained with one imaging protocol,
minimizing the variability associated with the technique
used such as slice thickness, image interval, voltage used,
etc. CT colonoscopy uses only a limited amount of oral
contrast, limiting the effect of contrast on the proximal
femur while also providing a standardized set of images for
research purposes [29, 46]. A successful technique, espe-
cially if validated in other CT scans, would allow for a
gross estimation of bone health for the millions of CT scans
performed annually [3], providing patients who do not get
DEXA screening a reasonable estimate of their bone health
and stimulating potential osteoporosis treatment.

We therefore asked the following questions: (1) Do
proximal femur HU measurements from CT colonoscopy
correlate with proximal femur DEXA results? (2) How ef-
fective is our single HUmeasurement technique in estimating
the likelihood of overall low BMD? (3) Does the relationship
between our comprehensive HU measurement and DEXA
change based on age, sex, or time between studies?

Patients and Methods

After institutional review board approval, we performed
this retrospective study using the Military Health System
Management Analysis and Reporting Tool (M2). We used
Current Procedural Terminology codes within M2 and
reviewed the electronic medical record to identify patients
who underwent CT colonoscopy at military treatment fa-
cilities within the national capital region between 2010 and
2017 and then identified those who also underwent a
DEXA scan. The electronic medical record was reviewed
to obtain demographics including sex, age, body mass in-
dex (BMI), and DEXA results.

Between 2010 and 2017, five centers performed 9085CT
colonoscopy studies and of those, 277 (3%) patients had

adequate CT colonoscopy imaging and DEXA screening.
We excluded 8809 (97%) patients because they lacked ad-
equate CT imaging available for review or did not have
femoral neck or proximal femur (also referred to in some
reports as “total femur,” comprised of femoral neck, tro-
chanteric and intertrochanteric regions) DEXA results. Ad-
ditionally, if our results are to translate to all patients getting
CTs, this highlights the potential usefulness as an opportu-
nistic screening test in that 8809 patients had regular
screening for colon cancer but no BMD screening. Twenty
patients had a diagnosis of osteoporosis, 167 had osteopenia,
and 90 patients had normal BMD (Table 1). We identified
differences wherein patients with osteoporosis were older,
had lower BMIs, and lower HUs on CT colonoscopy. The
mean comprehensive HU measurement for patients with
osteoporosis (70), osteopenia (110), and normal BMD (158)
was statistically different. The median number of days be-
tween CT colonoscopy and DEXA scan was 595 days
(interquartile range, 185–1076); 69 patients had < 6 months
between scans. We included all patients regardless of time
between CT colonoscopy and DEXA because bone
remodeling is a long-term process and this allowed subgroup
analysis based on time between scans. We stratified patients
according to the National Osteoporosis Foundation guide-
lines based on the lowest T-score within the lumbar spine,
proximal femur, or femoral neck as osteoporosis (T-score#
-2.5), osteopenia (-2.5 < T-score# -1), or normal BMD (T-
score > -1) [9]. Additionally, the categories of osteoporosis
and osteopenia were combined into a low BMD category,
defined as a T-score# -1.0, for subsequent analysis. We did
this because fracture risk is the main clinical outcome that
providers are interested in and most fractures occur in
patients with osteopenia [33, 36].

All CT colonoscopies were performed at one of five
regional institutions obtaining both supine and prone axial
imaging; approximately two-thirds of images included
peak kilovoltage (kVp) values and slice thickness with all
but one reporting 120 kVp and 1.5-mm slices reconstructed
to 1-mm intervals. We developed a technique to measure
HUs of the proximal femur to capture the maximal can-
cellous bone within the femoral neck and intertrochanteric
region. Beginning superiorly and scrolling inferiorly, the
femoral head is identified followed by the superior aspect
of the femoral neck cortex. The first measurement is taken
when the axial image displayed shows the femoral neck
connecting to the greater trochanter, is no longer within the
superior femoral neck cortex, and consists of pre-
dominantly cancellous bone; this is typically one or two
image slices (1.5–3 mm) below the first appearance of the
femoral neck cortex (Fig. 1A). The measurement consists
of a rectangular area of cancellous bone immediately lateral
to the femoral physeal scar and that includes the maximal
amount of cancellous bone while avoiding cortical bone
and the femoral head epiphyseal scar. After this, three
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additional measurements are taken at 6-mm intervals cor-
responding to a total of four axial slices. Four measure-
ments, labeled 0mm, 6mm, 12mm, and 18mm and termed
“single measurements,” are taken and averaged into a final
measurement, which we defined as the “comprehensive
HU measurement” (Fig. 1 A-D). The correlation of single
HUmeasurements to DEXA results was compared with the
comprehensive HU measurement correlations. We added
this analysis because we believed that, although the com-
prehensive measurement might demonstrate a stronger
correlation with DEXA results, a single HU measurement
may increase the likelihood that this or similar techniques
will be widely accepted and adopted by radiologists and
ordering providers alike.

Hounsfield Unit Measurement Technique

We used Pearson correlation coefficients to evaluate the
relationship between each of the four single measurements
and the comprehensive HUmeasurement with each DEXA
score associated with the hip: proximal femur BMD and
T-score and femoral neck BMD and T-score. Pearson
correlation coefficient was chosen over ICCs in this com-
parison because HU and T-scores are on two different
scales. We chose to evaluate all of these because our HU
measurement technique incorporates the femoral neck and
the intertrochanteric region; thus, our measurement tech-
nique is similar to, but not strictly the same, as either
femoral neck or proximal femur DEXA results. The DEXA
result with the highest correlation with the comprehensive
HUmeasurement was used to evaluate an acceptable single
HU measurement and for the planned subgroup analysis.
We used ICCs, using two-way, agreement of single
measures, to evaluate the agreement between the individual
HU measurements and our planned single HU measure-
ment with the comprehensive HU measurement.

Identifying Overall Low Bone Mineral Density

We calculated the area under the receiver operating charac-
teristic curves (AUCs) using the single best HUmeasurement
alone identified on correlation analysis. The sensitivity,
specificity, and positive and negative predictive values for
identifying low BMD were calculated: we selected three
thresholds to (1) maximize sensitivity; (2) maximize speci-
ficity; and (3) obtain a cutoff balanced between each [27, 38].

Statistical Analysis

Two reviewers (KEN, JAW) independently performed the
HU measurement technique on each patient withoutTa
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knowing the DEXA results; for two-way agreement of
average measures, ICC was used to evaluate interrater re-
liability between each single measurement and the com-
prehensive measurement for each reviewer and results
between reviewers were averaged together for all sub-
sequent analyses [14]. We graded ICCs on a scale of ex-
cellent (ICC > 0.9), good (0.75 # ICC < 0.9), moderate
(0.5 # ICC < 0.75), or poor (ICC < 0.5) [20]. Categorical
data were compared using chi-square and ordinal data were
compared with analysis of variance, presented as means
with SDs and 95% confidence intervals (CIs). As HUs
decrease with age, we sought to evaluate if our results
remained consistent across age groups when stratified by
decade of life [34]. In addition, we stratified our patients
based on the time between CT colonoscopy and DEXA
testing using a 6-month cutoff, selected as the point before
which clinically relevant bone remodeling resulting from
age or bisphosphonate treatment might alter DEXA or HUs
results [2, 10, 25]. Finally, subgroup comparison by sex
was performed. For each subgroup analysis, we calculated
Pearson correlation coefficients between DEXA and HUs
and evaluated each subgroup’s contribution to the overall
predictive model using an interaction test in a linear re-
gression model. Finally, we performed decision curve
analysis (DCA) to quantify the clinical utility of the HU
measurement for two clinical end points: first, identifying
patients who would benefit from DEXA screening and,

second, identifying patients most likely to benefit from
osteoporosis treatment [39]. All statistical analysis was
performed using two-tailed testing with significance set at
0.05; we used the following packages in RStudio (Boston,
MA, USA, version: 1.0.143): OptimalCutpoints, pROC,
DecisionCurve, e1071, irr, and psych.

Results

The ideal HU measurement technique in our results is a
region of interest consisting of cancellous bone within the
proximal femur approximately 12 mm inferior to the
superior femoral neck on axial imaging. All compre-
hensive and each single HU measurement (0 mm, 6 mm,
12 mm, and 18 mm) revealed a positive and linear cor-
relation with each of the proximal femur DEXA results
(Fig. 2A). The proximal femur T-score demonstrated the
highest correlation with the comprehensive measurement
and the 12-mm measurement displayed the highest cor-
relation of all individual measurements (Table 2). The
overall ICC of all four individual HU measurements was
0.764 (95% CI, 0.41–0.886) and the ICC between the
individual 12-mm measurement and the comprehensive
HU measurement was 0.942 (95% CI, 0.368–0.983)
(Fig. 2B). Interobserver reliability was moderate to ex-
cellent between raters for both the comprehensive HU

Fig. 1 A-D These are representative images of the four HU measurements: (A) The first and
most superior measurement (“0-mmmeasurement”); (B) the second (“6-mmmeasurement”);
(C) the third (“12-mm measurement”); and (D) the last and most distal measurement
(“18-mm measurement”). Avg = average; Dev = deviation.
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measurement and the single 12-mmmeasurement with an
ICC of 0.97 (95% CI, 0.72–0.99) and 0.96 (95% CI,
0.89–0.98), respectively.

The use of HU provides a moderately reliable classifi-
cation of patients into low versus normal BMD. The AUC
was 0.82 (95% CI, 0.77–0.87) when using the 12-mm HU
measurement only (Fig. 3A). In addition, using the 12-mm
measurement, a threshold of 214 HUs is 100% sensitive
(95% CI, 98%-100% with specificity of 4%, 95% CI, 1%-
11%), 59 HUs is 100% specific (95% CI, 96%-100% with
sensitivity of 19%, 95% CI, 13%-25%), and 113 HUs
provided 73% sensitivity (95% CI, 66%-79%) and 76%
specificity (95% CI, 65%-84%) to identify low BMD
(Table 3).

The overall relationships identified in this study, be-
tween HU and DEXA results, remained consistent when
broken down by age, sex, or time between scans. The
Pearson correlation coefficients between the comprehen-
sive HU and DEXA proximal femur T-score, when

stratified by any of the previously mentioned subgroups,
are all consistent with our overall results (Table 4). When
separate linear regression models were used to evaluate the
relationship between DEXA proximal femur T-score and
HU,while including subgroup as an additional factor, those
models consistently identified the comprehensive HU
(decade age group: F[1,245] = 38.96; sex: F[1,251] =
297.50; time between scans: F[1,251] = 256.96; p < 0.001
for all three models) as a strong predictor of DEXA prox-
imal femur T-score. However, the subgroups as well as the
interaction between HU and each subgroup were not major
predictors of DEXA proximal femur T-score. Therefore,
analysis indicates that the correlation coefficients between
DEXA proximal femur T-score and HU reported do not
differ based on subgroup (Table 4).

The DCA identified a positive net benefit to intervene
for low BMD using the single 12-mm measurement at all
risk thresholds above 0.23 (Fig. 3B), indicating that HU
could be used clinically.

Table 2. Pearson correlation coefficients with 95% confidence intervals for all proximal femur DEXA results

Pearson correlation coefficients Total femur BMD Total femur T-score Femoral neck BMD Femoral neck T-score

Overall comprehensive measurement
(95% CI)

0.73 (0.67-0.79) 0.75 (0.69-0.80) 0.727 (0.67-0.78) 0.741 (0.68-0.79)

Single 0-mm measurement (95% CI) 0.71 (0.64-0.77) 0.71 (0.64-0.76) 0.71 (0.65-0.76) 0.72 (0.66-0.77)

Single 6-mm measurement (95% CI) 0.712 (0.65-0.77) 0.73 (0.66-0.78) 0.72 (0.66-0.77) 0.73 (0.67-0.78)

Single 12-mm measurement (95% CI) 0.71 (0.65-0.77) 0.74 (0.68-0.79) 0.71 (0.64-0.76) 0.72 (0.66-0.78)

Single 18-mm measurement (95% CI) 0.69 (0.62-0.75) 0.73 (0.67-0.78) 0.67 (0.60-0.73) 0.70 (0.63-0.75)

Bolded values represent the highest Pearson correlation coefficients on which subsequent analysis in the paper was performed; the
total femur T-score was used for comparison with Hounsfield unit results and the 12-mm measurement selected as the single
measurement that most closely resembles the overall comprehensive measurement; DEXA = dual-energy x-ray absorptiometry;
BMD = bone mineral density.

Fig. 2 A-B (A) This plot shows each individual HUmeasurement point versus DEXA proximal
femur T-score with the Pearson correlation coefficient for each individual measurement in
the legend. (B) This plot shows individual HU measurements versus the comprehensive
(average of the four together) HU measurement.
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Discussion

As the number of Americans with low BMD increases, the
relative ease of opportunistic screening (osteoporosis
screening using imaging data obtained for other purposes) can
serve to engage both patients and providers with earlier os-
teoporosis care with the goal of ultimately decreasing the
number of fragility fractures and their associated morbidity
and mortality [29, 44]. Because colorectal cancer screening
likely occurs at higher rates than osteoporosis screening [15],
our study of HUs to quantify BMD will enable nearly all
clinicians with access to digital imaging software to use CT
imaging for osteoporosis screening. Hounsfield units of the
proximal femur on CT colonoscopy demonstrate a positive
and linear correlation with DEXA results regardless of age or
time between scans. Obtaining a single 12-mm measurement
of cancellous bone within the proximal femur on CT colo-
noscopy takes 30 seconds, provides a very similar correlation
to the comprehensive measurement (four measurements av-
eraged together), and can be used to approximate DEXA
results and thus clinical BMD classification.

There are several limitations of our study. Perhaps the
most prominent is the retrospective nature and associated
selection bias in the types of patients who underwent both a
CT colonoscopy and DEXA scan. Although advantageous
in that this may focus on the group at greatest risk (ie,
patients in whom clinical concern prompts DEXA screen-
ing), the downside is potentially zeroing in too closely on a
select subset of patients at higher risk for osteoporosis while
limiting our results and knowledge ofwhat theHU trends are
in all patients who undergo CT colonoscopy. Furthermore,
we identified differences in patient demographics, including
BMI, when stratified by World Health Organization classi-
fication for BMD. Because BMI is known to influence
DEXA results, it is unclear what influence this has on HU
results, which may be a source of variability in our results if
BMI affects HU at a differential rate relative to DEXA
results. The limited number of patients, particularly those
with osteoporosis, and relative short-term followup preclude
any meaningful evaluation of long-term fracture risk. Use
of an averaged HU measurement between two raters may
decrease the variability seen by one clinician who obtains

Fig. 3 A-B (A) This figure displays the receiver operating characteristic curve using the 12-
mm HU measurement to evaluate for low BMD. (B) This figure displays the DCA plot for the
12-mm HU measurement model. The horizontal black line represents intervening on no
patients with zero net benefit; the gray line represents intervening on all patients and the
blue line represents intervening based on the HU model.

Table 3. Hounsfield unit cutoffs based on a single 12-mm measurement

Method HUs
Sensitivity
(95% CI)

Specificity
(95% CI)

Positive predictive
value (95% CI)

Negative predictive
value (95% CI)

Youden 101 62% (54-69) 88 % (79-94) 91% (85-93) 52% (45-70)

ROC (0,1)* 113 73% (66-79) 76% (65-84) 86% (79-90) 57% (49-69)

100% sensitive 214 100% (98-100) 4% (1-11) 69% (37-100) 100% (52-100)

100% specific 59 19% (13-25) 100% (96-100) 100% (90-100) 37% (28-100)

*ROC (0,1) represents the point on the ROC curve that comes closest to the Cartesian coordinate of (0,1); HUs = Hounsfield units; CI =
confidence interval; ROC = receiver operating characteristic.
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one HU measurement in practice. Although averaging our
measurements for statistical comparisons likely does de-
crease some variability, this effect is likely minimal because
our ICC method used the stricter method of testing, evalu-
ating not just for consistent results, but agreement between
reviewers and with this, the results were still very high. The
lack of a reference or phantom to calibrate HU measure-
ments such as that used with calibrated CT-based BMD
methods adds potential variability between scanners and
settings as does the variability in both the CT and DEXA
machines used. However, despite these limitations, our
results remain consistent with similar studies of quantitative
BMDandHUmeasurements in other body regions, which is
reassuring that this technique reliably measures proximal
femur BMD. We acknowledge that HU is not as accurate as
calibrated, quantitative BMD calculations; however, for
those without the necessary software, it provides a reason-
able alternative. Although our results showed moderate-to-
good correlations and a reasonable AUC, there is still a fair
amount of unexplained variance in DEXA results, as pre-
dicted by HU, and this likely represents some of the differ-
ences seen between our results and those using quantitative
BMD software. Although this study used CT colonoscopy,
the use of any pelvic CT scan for opportunistic screening
could likely provide similar HU results, although further
research is needed to validate this claim. Finally, the pre-
ponderance of women in the study may limit the applica-
bility to men; this should not affect our findings from a
radiation physics perspective; however, we lacked an ade-
quate number of male patients to definitively evaluate this.

Proximal Femur HUs Correlate With DEXA

Our recommended HU measurement technique from our
results was a region of interest consisting of cancellous

bone within the proximal femur approximately 12 mm
inferior to the superior femoral neck on axial imaging.
Previous studies of proximal femur HU do not provide
detailed descriptions of their measurement technique nor
have strong correlations between HU and DEXA results
been reported [22, 26]. Our results demonstrate that both
the comprehensive HU measurement technique and a sin-
gle measurement provide moderate-to-good correlations
with DEXA results. Identification of a single measurement
was driven based on the desire to remove complexity and
create a simple and effective screening technique. The high
correlations between the single point and comprehensive
measurement as well as high interobserver ICC are reas-
suring that this is a reproducible technique, perhaps even
amenable to automation. We believe this to be a viable and
clinically applicable option until the widespread use of
potentially automated quantitative BMD calculations can
be widely implemented on all CT imaging. In our tech-
nique, cortical bone was excluded to minimize artifact and
facilitate reproducibility. Although this is consistent with
many studies referenced, both cortical and cancellous bone
mass contribute to bone strength and fracture prevention,
and future research will dictate if there is a need to develop
techniques to quantify cortical bone HU [43].

HU Measurements Effective in Estimating Overall
Low BMD

The use of HU provides a moderately reliable classification
of patients into low versus normal BMD. The trend in HU
levels among patients with osteoporosis, osteopenia, and
normal BMD in this study is consistent with published
reports of the proximal femur and spine [5, 16, 21, 22, 26,
32, 34, 40]. Additionally, our correlation between HU and
DEXA is consistent with those demonstrated between

Table 4. Hounsfield unit and Pearson correlation subgroup analysis based on age and time between scans

Subgroup
Osteoporosis,
mean 6 SD

Osteopenia,
mean 6 SD

Normal BMD,
mean 6 SD

Comprehensive
measurement

versus total femur T-score
correlation

Age younger than 50 years (n = 8) 126 6 23 164 6 51 0.87 (0.32-0.98)

Age 50-59 years (n = 102) 86 6 29 123 6 37 1612 6 40 0.71 (0.59-0.80)

Age 60-69 years (n = 118) 78 6 20 109 6 32 146 6 35 0.71 (0.61-0.79)

Age 70-79 years (n = 43) 42 6 27 90 6 35 184 6 57 0.83 (0.70-0.91)

Age 80+ years (n = 6) 69 (n = 1) 72 6 28 75 (n = 1) 0.69 (0.00-0.96)

Time < 6 months (n = 69) 80 6 30 103 6 27 150 6 44 0.75 (0.62-0.84)

Time > 6 months (n = 208) 60 6 29 112 6 39 160 6 42 0.75 (0.68-0.80)

Male 71 6 10 103 6 33 150 6 41 0.70 (0.48-0.83)

Female 70 6 33 111 6 36 160 6 43 0.76 (0.70-0.81)

BMD = bone mineral density.
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DEXA and quantitative CT-based BMD calculations of the
proximal femur, although there is an increased level of
variance in our results [11, 13, 30, 41, 46]. The consistency
of our results with published studies reinforces the belief
that our HU measurement effectively estimates many
patients with low BMD status. Although using a reference
standard and calibration a priori of CT imaging enhances
the validity of BMD calculations, a single HU measure-
ment technique, in contrast, is readily available and pro-
vides results consistent with more complex CT-based
BMD calculations. Although not ideal, this technique may
potentially provide an additional data point for the millions
of patients who may undergo CT scans but not DEXA
screening. More importantly, however, is determining if
this technique can be used for fracture prediction. DEXA is
not a perfect predictor of fracture either nor is it perfect for
dictating osteoporosis treatment. Fracture prevention
treatments are best made, like many situations in medicine,
by incorporating the clinical history, physical examination,
laboratory data, and/or imaging data. This adds a valuable
data point not previously available.

HU and DEXA Relationship Unchanged Based on Age,
Sex, and Time Between Studies

The overall relationships between HU and DEXA results
identified in this study remained consistent when categorized
by age, sex, or time between scans. Although HUs are known
to decrease with age, when compared among patients with
osteoporosis, osteopenia, and normal BMD, the HU trends
between groups as well as the correlation between HU and
DEXA remained consistent with our overall results after age
group stratification [34]. This is notable considering the sta-
tistical differences in age identified between BMD categories.
The higher HU level identified in the patients in their 70s who
had normal BMD is inconsistent with the remainder of our
results and published evidence; future research is needed to
understand this inconsistency. The time interval reported
between imaging studies in previous reports varied or was not
reported; we included all results regardless of time interval to
improve our study generalizability [11, 13, 21, 30, 34, 41, 43].
However, when stratified by a 6-month time interval between
scans, the results were consistent with our overall results. The
6-month time interval was chosen based on the idea that bone
remodeling is a long-term process; this timeframe is described
as a 200-day process for cancellous bone remodeling at the
cellular level, whereas remodeling of all cancellous bone
takes between 2 and 4 years [2, 10, 25]. Shorter time intervals
may be ideal to reduce confounding between results; how-
ever, longer intervals are likely acceptable for comparisons
based on our findings.

The use of DCA facilitates clinical interpretation of the
model by quantifying potential benefits compared with two

extremes, treating either all or none of the patients [39].
When evaluating results and deciding whether to intervene,
clinicians must select their own individual “threshold” on
the model for the intervention in question, considering the
morbidity and mortality associated with treating all or
none. Decision analysis provides guidance for what model
is best for each clinician, especially when clinicians differ
on what threshold is appropriate for an intervention.
Clinical application of the DCA requires providers to
identify the intervention (eg, DEXA screening, initiation of
bisphosphonate treatment, etc) and the threshold or prob-
ability that a patient is at risk for low BMD, at which point
the provider would initiate their chosen intervention. For
example, an individual provider may choose to start a 70-
year-old woman on bisphosphonate treatment at thresholds
above 40%, whereas the provider may prefer a higher
threshold such as 90% for the same woman at age 50 years.
For all thresholds, use of the HU model in this study is
as good or better than treating every patient. At the arbitrary
threshold of 60%, for every 100 patients, intervening
based on the HU model compared with intervening in all
patients avoids 13 unnecessary interventions on those with
normal BMDwithout missing any patients with low BMD.
Compared with intervening on no patients at the same 60%
threshold, use of the model results in intervening in 38
patients with low BMD per 100 without any unnecessary
interventions.

Our measurement technique provides an accurate and
reproducible measurement of proximal femur HU on CT
colonoscopy that correlates with central BMD classifica-
tion. These results may identify patients at risk of lowBMD
who may otherwise be unaware of this. Furthermore, these
results provide an option to use CT-based BMDassessment
for those institutions without access to the software nec-
essary for quantitative BMD and may provide a stopgap
technique until this software becomes widely clinically
available. Our results, if confirmed in the multitude of
pelvis, hip, or trauma CT scans performed annually, could
increase the use of opportunistic screening for osteoporosis
without additional software andmay provide objective data
that prompt providers and patients to obtain a DEXA scan
when they might not otherwise [3]. Future research is
needed to validate these results in larger studies and de-
termine if HU measurements should be incorporated into
routine radiology reporting, and finally to determine if
these results are reflective of future hip and/or fragility
fracture risk.
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