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Background: Abdominal and thoracic CT provide a valuable opportunity for osteoporosis screening regardless of the clinical indica-
tion for imaging.

Purpose: To establish reference normative ranges for first lumbar vertebra (L1) trabecular attenuation values across all adult ages to
measure bone mineral density (BMD) at routine CT.

Materials and Methods: Reference data were constructed from 20374 abdominal and/or thoracic CT examinations performed at 120
kV. Data were derived from adults (mean age, 60 years * 12 [standard deviation]; 56.1% [11428 of 20374] women). CT exami-
nations were performed with (7 = 4263) or without (7 = 16 111) intravenous contrast agent administration for a variety of unrelat-
ed clinical indications between 2000 and 2018. L1 Hounsfield unit measurement was obtained either with a customized automated
tool (7 = 11270) or manually by individual readers (7 = 9104). The effects of patient age, sex, contrast agent, and manual region-
of-interest versus fully automated L1 Hounsfield unit measurement were assessed using multivariable logistic regression analysis.

Results: Mean L1 attenuation decreased linearly with age at a rate of 2.5 HU per year, averaging 226 HU = 44 for patients young-
er than 30 years and 89 HU = 38 for patients 90 years or older. Women had a higher mean L1 attenuation compared with men

(P < .008) until menopause, after which both groups had similar values. Administration of intravenous contrast agent resulted in
negligible differences in mean L1 attenuation values except in patients younger than 40 years. The fully automated method resulted
in measurements that were average 21 HU higher compared with manual measurement (P < .004); at intrapatient subanalysis, this
difference was related to the level of transverse measurement used (midvertebra vs off-midline level).

Conclusion: Normative ranges of L1 vertebra trabecular attenuation were established across all adult ages, and these can serve as a
quick reference at routine CT to identify adults with low bone mineral density who are at risk for osteoporosis.
©RSNA, 2019
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The prevalence of osteoporosis and the associated eco-
nomic burden related to complicating fragility fractures
is projected to increase worldwide because of the rapidly
growing elderly population (1,2). The most widely used
screening tool for fracture risk involves the combination
of clinical risk factor assessment and the use of dual-energy
x-ray absorptiometry (DXA) to measure bone mineral
density (BMD). However, despite the known morbidity
related to osteoporotic fractures and availability of screen-
ing guidelines, osteoporosis is an underdiagnosed and un-
dertreated condition (3-5).

Routine CT of the chest and/or abdomen performed
for other clinical indications is an opportunity for oppor-
tunistic screening of osteoporosis to improve screening
rates at no additional cost, time, or radiation exposure to
patients (6-8). Routine sagittal reconstruction of the CT

data allows for the facile detection of vertebral compres-
sion fractures, which may be an incidental finding (9).
We have previously shown that anterior trabecular CT
attenuation values of the L1 vertebra measured in Houn-
sfield units and by using a rapid region-of-interest (ROI)
approach not only correlates with T-scores from DXA (8),
but also are statistically significantly lower in patients with
vertebral compression fractures (10). Importantly, both
men and women with low Hounsfield unit values were
at statistically significantly higher risk for future fragility
fractures in a retrospective elderly cohort (11). CT-based
L1 trabecular attenuation can be manually measured by
using a simple ROI approach with excellent interobserver
agreement (12-14) or measured with a validated fully au-
tomated CT tool (15). Whereas the third National Health

and Nutrition Examination Survey study was established
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Abbreviations

BMD = bone mineral density, DXA = dual-energy x-ray absorptiometry,
ROI = region of interest

Summary

Our study provides normative values of L1 vertebra trabecular at-
tenuation, which can serve as a quick reference for opportunistic
osteoporosis screening at routine CT to identify adults with low
bone mineral density who are at risk for osteoporosis, and who
could potentially benefit from further evaluation and possible
intervention.

Key Points

» Population-based age-related bone density loss measured by L1
trabecular attenuation at CT is fairly constant and predictable,
averaging 2.5 HU per year.

= Beyond menopause, women and men have similar mean L1 tra-
becular attenuation values.

as the normative reference standard for describing osteoporo-
sis with DXA to determine T-scores (16,17), to our knowledge
there is no such reference standard for L1 trabecular attenuation
values derived from CT examinations.

The purpose of our study is to construct a CT-based refer-
ence standard for BMD measured by L1 trabecular attenuation
in adults. Establishing normative ranges across the adult age
spectrum would provide a useful reference for opportunistic
osteoporosis screening, and would help identify adults at risk for
osteoporosis who could potentially benefit from further evalua-
tion and intervention.

Materials and Methods

Patient Cohort
Our retrospective study was conducted at a single academic
medical center and approved by the institutional review board.
The need for informed consent was waived for this retro-
spective Health Insurance Portability and Accountability Act—
compliant study.

Our study cohort included data from over 20000 body
CT examinations derived from men and women aged 18-100
years who were patients at our institution for a wide variety of
unrelated indications between April 2000 and January 2018.
Our primary goal was to achieve a large representative sample
and include a broad range of patient ages and conditions. The
final cohort included a convenience sample of both asymptom-
atic outpatients and a wide variety of symptomatic patients
who underwent imaging for a multitude of conditions and
indications. Some of the subcohorts were derived from previ-
ous related studies that focused on issues other than the cur-
rent goal of normative L1 Hounsfield unit data accumulation
(8,10,11,14,18,19). In general, each subcohort represented its
own consecutive series, except for any exclusions, which were
then combined into the final cohort. Beyond this, additional
ad hoc age-specific patient inclusion focused on remaining data
gaps in terms of patient age so that each age category (eg, <30
years, =90 years, and each 5-year interval in between) included
more than 250 CT-based L1 Hounsfield unit measurements,
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which we set as an arbitrary minimum. In general, our patient
population was largely white (-90%), precluding substantive
subanalysis on the basis of ethnic groups.

CT Examinations

CT examinations were performed at our medical center and
analyzed as previously described (8,10,11). Briefly, chest and/
or abdominal CT examinations were performed by using
a variety of multidetector CT scanners from a single vendor
(GE Healthcare, Waukesha, Wis) at a constant peak voltage of
120 kV with variable tube current values that were protocol
specific but clinically appropriate for achieving a diagnostic
examination for the given indication. The modulated range
was 40-600 mA, and the noise index ranged from 14 to 60
on the basis of the specific indication. CT examinations per-
formed at voltage settings other than 120 kV were excluded.
We included examinations either with or without intravenous
and oral contrast agent (the use of intravenous contrast agent
was recorded). Scanning was typically performed at the portal
venous phase. Weight-based intravenous contrast agent with
an injection rate of 3 mL/sec was standard. The CT scanners
were calibrated daily for quality control throughout the study
period by using an American College of Radiology—accredited
phantom to ensure reproducible attenuation numbers.

Image Analysis

L1 trabecular attenuation values were measured from CT images
either manually or by using a customized fully automated tool.
The L1 vertebral level was determined to be an optimal target
for opportunistic screening because it is easily identifiable and
defined as the first non-rib-bearing vertebra, it is included on all
abdominal and chest CT examinations, it typically has fewer de-
generative changes, and it has the closest correlation with BMD
measured at DXA compared with other vertebral levels (8).

For manual measurements, an ovoid ROI was placed in the
anterior aspect of the L1 trabecular space on a single transverse (ax-
ial) CT image to measure mean attenuation (in Hounsfield units),
as shown in Figure 1. This manual measurement, performed by
seven different readers with widely varying experience in CT in-
terpretation (ie, ranging from medical students to experienced se-
nior staff radiologists), requires little training and has shown good
interobserver agreement (14). Cortical bone, focal abnormalities
or lesions, and artifacts were deliberately avoided at all exami-
nations, and the patient was excluded if a reliable L1 trabecular
measurement was not feasible. We also avoided the midvertebral
level where a zone of higher density is often visible on the sagittal
view (20), typically selecting a representative trabecular level cen-
tered between this midline zone and the superior endplate (Fig 2).
L1 Hounsfield unit measurement was performed on a stan-
dard picture archiving and communication system workstation
(McKesson, San Francisco, Calif) by a number of trained review-
ers ranging from trainees to experienced faculty. This technique
has shown (14) good interobserver agreement. If the L1 level was
unsuitable for measurement (eg, because of a compression fracture
or focal abnormality), the L2 or T12 levels can serve as acceptable
substitutes in practice, but such examinations were excluded for
our study. Patients were also excluded for diffuse involvement by
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Figure 1: Examples of age-related bone loss by trabecular L1 attenuation assessment at CT. Transverse (axial) CT scans at
the L1 level (top row) in adult patients of varying ages (age and sex denoted at the bottom). Magnified views of the L1 vertebra
are shown in soft tissue (second row from top) and bone (third row from top). Standard placement of the region of interest
(ROI) for trabecular attenuation measurement and the mean Hounsfield unit value within the ROl are shown in the third row
from the top. Sagittal reconstructions with soft tissue and bone windows are shown (bottom row; including sagittal L1 ROI
placement for the first patient, left). As is typical, trabecular attenuation values progressively decreased with increasing pa-
tient age. The loss of bone mineral density is more apparent on soft tissue images (top two rows). F = female, M = male.

osseous metastatic disease, confounding metabolic bone disease,
or acute high-impact trauma. For the purposes of opportunistic
screening, anterior trabecular ROI placement on the sagittal view
is also acceptable (18) because this view also facilitates vertebral
fracture detection. However, we only used the axial (transverse)
plane for L1 measurements for our study.

An earlier version of the fully automated trabecular BMD
measurement tool was previously described (15), and we slightly
revised it for our study. The computer algorithm automatically
segmented the spine on the basis of thresholding, region grow-
ing, watershed, and directed graph search. The spinal column
was then partitioned into individual vertebrae by using curved
planar reformation and dynamic programming. The L1 level was
isolated by first identifying T12 as the vertebra that contains the
lowest rib. By default, we considered the first non-rib-bearing
vertebra to represent L1 (the actual level used among T12-L2 is
likely inconsequential). The cortex was removed with adaptive
morphologic erosion so that only trabecular bone was included
in the BMD measurement. The revised automated tool placed
the ROI in the middle axial segment at the anterior third of the
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vertebral body to simulate manual measurement and avoid the
venous plexus. The size of the ROI was preset to be half of
the width and a fourth of the anteroposterior length. This au-
tomated tool was a robust measure and, in our experience, the
success rate was greater than 99% (19).

One important potential difference between the automated
and manual ROI methods in our study was the specific cranio-
caudal level used for ROI placement (ie, the midvertebral level for
the former, but off midline for the latter). To evaluate for associ-
ated differences in mean Hounsfield unit measurements, we per-
formed a subanalysis of 100 consecutive unenhanced CT exami-
nations from the automated cohort, whereby several manual ROI
Hounsfield unit measurements were obtained as shown in Figure
2, wherein the radiologists were blinded to the automated result.

Statistical Analysis
Continuous variables were reported with mean, median, and
standard deviation. Categorical variables were reported by us-

ing counts and percentages. The data were analyzed by using
software (SPSS Statistics 23, IBM, Armonk, NY; R Core Team
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Figure 2: Example from manual-automated subanalysis. Unenhanced sagittal CT images centered on the lumbar spine from
a 66-year-old man in, A, soft tissue and, B, bone windows show the L1 level (arrows). Note the higher band of trabecular den-
sity at the midvertebral level. C, Magnified view of L1 shows the level of axial manual region-of-interest (ROI) placement for the
subanalysis comparison with the automated technique; the yellow midline placement matches the automated level, whereas the
white line reflects the standard manual level. The manual sagittal ROI placement is shown in B. The 20-HU increase observed in
this subanalysis with the automated technique can be explained by the different level for ROI placement.

2015, R Foundation for Statistical Computing, Vienna, Aus-
tria, https:/fwww.Rproject.org/s and Excel, Microsoft, Redmond,
Wash). The rms package in R was used for multivariate linear
regression analysis (Frank E Harrell Jr [2018], h#tps://CRAN.R-
project.orglpackage=rms). Mann-Whitney U tests were used to
assess differences in means of continuous variables. Two-sided
P values less than .05 were considered to indicate statistical sig-
nificance (21). All error ranges in graphs were reported = stan-
dard deviation (Figs 3, 4). A linear regression model was used
with R (R Foundation for Statistical Computing) to derive the
decline in Hounsfield units as a function of patient age. In addi-
tion, a multivariable linear regression analysis was performed to
control for the covariates of sex, intravenous contrast agent, and
manual versus automated technique when assessing the effect of
patient age by using the ordinary least squares method. In the
multivariate analysis, the age variable was transformed by using a
restricted cubic spline function with five knots to allow for non-
linear association between attenuation and age to be estimated.

Results

The normative L1 Hounsfield unit reference standards were
constructed from 20374 CT examinations in patients aged
18-100 years (mean age, 60 years = 12 [standard deviation];
median age, 59 years) performed for a wide range of clinical
indications other than bone health evaluation. The cohort in-
cluded men (43.9% [8946 of 20374]) and women (56.1%
[11428 of 20374]). For the entire cohort, CT examinations
were performed either with (20.9% [4263 of 20374]) or with-
out intravenous contrast agent. L1 trabecular attenuation was
measured either manually (44.7% [9104 of 20374]) or by a
fully automated method of selecting the ROI. Each CT ex-
amination was stratified by age groups in 5-year intervals from
younger than 30 years to 90 years or older. Each age group con-
tained at least 250 data points (range, 252—-5059) where at least
165 L1 trabecular attenuation values were manually measured

(range, 165-1528). The majority (86.5% [17 628 of 20374])
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of CT examinations were in patients aged 50-80 years. The
frequency distribution of all CT examinations stratified by age,
sex, use of intravenous contrast agent, and method of selecting
the ROI are in Figure E1 [online].

The mean L1 trabecular attenuation value of the entire co-
hort was 160 HU * 49, whereas patients younger than 30
years had a mean L1 trabecular attenuation value of 226 HU
* 44 and patients 90 years or older had a mean L1 trabecular
attenuation value of 89 HU = 38. Mean L1 trabecular attenu-
ation values (at 120 kV) of the entire cohort according to age
groups are summarized in Figure 3. The mean L1 Hounsfield
unit values showed a linear decrease with age at a rate of 2.5
HU per year (R* = 0.99 by using best fit to age group mean).
The standard deviation from the mean .1 Hounsfield unit val-
ues showed limited variation among the different age groups.
Multivariable regression analysis confirmed that age was clearly
the dominant determinate of Hounsfield unit decrease after
controlling for the covariates of sex, intravenous contrast agent,
and manual versus automated methods, and that the associa-
tion between age and attenuation was nonlinear (Table E1, E2
[online]; Fig E2 [online]).

We further stratified the L1 trabecular measurements by sex
because there are sex differences in BMD as measured at DXA,
that BMD in women declines more rapidly after menopause,
and that women in general experience higher rates of fragility
fractures (1,2). Our data showed that women had a higher L1
trabecular attenuation compared with men until age 54 years
(P < .01), after which both groups had similar L1 Hounsfield
unit values (P = .02-.99) (Fig 4). Furthermore, we evaluated
whether the administration of intravenous contrast agent at
CT substantially affected the trabecular BMD measurements.
Stratification according to the use of intravenous contrast agent
resulted in generally negligible differences in L1 attenuation val-
ues except in patient cohorts younger than 40 years (Fig 4). Sta-
tistically significant and likely relevant differences between the
noncontrast and the intravenous contrast agent groups were only
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Figure 3: Plof shows normative reference values for trabecular L1 attenuation values for opportunistic osteoporosis screen-
ing. The median and the mean + standard deviation (SD) values for L1 trabecular attenuation in Hounsfield units are shown
for each age group (x-axis). The plot of the mean Hounsfield units (red dots) shows that age-related L1 trabecular bone loss is
fairly linear. The normative reference ranges can serve as a quick reference while performing CT examination for other clinical
indications. Error bars indicate standard deviations, which are fairly uniform across the age spectrum.

observed in patients younger than 34 years and in the 50-54
years and 60—64 years age groups.

Finally, we compared L1 Hounsfield unit values according
to the manual versus fully automated method. Our data showed
that the fully automated method resulted in measurements that
were an average of 21 HU higher compared with manual CT-
based L1 trabecular attenuation measurements in all age groups
older than 50 years (P < .004) (Fig 4). The blinded manual
subanalysis performed on 100 consecutive CT scans from the
automated cohort demonstrated a mean attenuation value for
the midvertebral axial measurement, the off-midline axial mea-
surement (that matches our standard manual axial approach),
and the manual sagittal measurement of 156 HU * 42, 139
HU =* 43, and 146 HU = 44, respectively, compared with
159 HU = 45 for the automated midline axial measurement
(Fig 2). The mean difference of 20 HU between the standard
manual off-midline ROI and automated midline axial measure-
ments matched well with our overall findings and was statisti-
cally significant (< .002). This effect was more pronounced at
lower BMD levels. The mean difference was 3 HU between the
manual and automated midline axial measurements, which was
not statistically significant (P = .63).

The mean and median normative L1 trabecular attenuation
values by age and according to sex, the use of intravenous con-

trast agent, and the method of selecting the ROI are shown in
the Table.

Discussion

Our study helps to establish the normative values for L1 tra-
becular Hounsfield units for rapid opportunistic bone min-
eral density (BMD) assessment at CT by using a large sample
size. It is important to note that these values apply only to CT
performed at 120 kV. Whereas previous studies (10,11,22)
showed the clinical efficacy of L1 trabecular attenuation values,

364

to our knowledge the normal ranges of Hounsfield units across
age groups are not yet adequately described. At the population
level, we found that age-related bone density loss measured
by using L1 trabecular CT attenuation averaged 2.5 HU per
year. We also found that premenopausal women had higher L1
trabecular attenuation values on average compared with age-
matched men, and that, beyond menopause, women and men
had similar mean L1 trabecular attenuation values. We also ex-
plored the effect of intravenous contrast agent and the utility
of a fully automated approach for L1 trabecular assessment.
Previous studies sought to establish threshold Hounsfield
units values for the diagnosis of osteoporosis by correlating
BMD measurements from simple L1 trabecular attenuation
values to those from DXA scans in the same patient cohort.
The study with the largest cohort (7 = 1867) reported that a
Hounsfield unit threshold of 135 optimized the correlation
with the receiver operating characteristic analysis, whereas a
threshold of 110 HU was over 90% specific for osteoporosis
(8). Other smaller studies have suggested threshold Houn-
sfield unit measurements of 136 HU (23) and 99 HU (24).
In general, a lower L1 Hounsfield unit threshold, such as 90—
110 HU, would be more specific and less sensitive for osteo-
porosis, whereas higher Hounsfield unit threshold would be
less specific and more sensitive. A study of patients 65 years
or older showed that an L1 trabecular attenuation of 90 HU
or less could indicate a worse fracture-free survival, where the
median follow-up interval was 5.8 years (11). Another study
(10) showed that a 90-HU threshold was optimal for accu-
rately determining prevalent vertebral fractures at receiver op-
erating characteristic curve analysis. This study also showed
that the odds ratio of a moderate or severe vertebral compres-
sion fracture was 31.9 for L1 attenuation of 90 HU or less.
Therefore, in general, for L1 values less than 100 HU (at 120
kV) we indicated in our clinical reports that this finding is
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Figure 4: Variations in mean L1 trabecular attenuation values
according fo sex, presence of intravenous (IV) contrast agent, and
method of measurement (manual vs automated [auto]). Mean L1 tro-
becular attenuation is higher for women until postmenopausal age,
when values for men and women are strikingly similar (top). The effect
of intravenous contrast agent is most notable for patients younger than
40 years. For older adults, the effect of intravenous contrast agent
may not be clinically relevant for opportunistic bone mineral density
screening (middle). The fully automated technique for L1 trabecular at-
tenuation yields higher values compared with manual region-of-interest
placement (average, ~20 HU) (bottom). Age groups are on the x-axis
and error bars indicate standard deviations. = P < .01; %% P < .005.

concerning for osteoporosis and higher fracture risk. If there
is a prevalent vertebral compression fracture in the setting of
low BMD according to L1 Hounsfield units (eg, <150 HU),
this likely represents established osteoporosis, regardless of
the DXA T-score.
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Because intravenous contrast media can enter and enhance
the trabecular space, we examined the effect of the use of in-
travenous contrast agent at L1 Hounsfield unit measurements.
We observed that this effect is minimal among middle-aged and
elderly populations, in whom opportunistic CT-based screening
is most likely to be used. A previous study (8) reported that the
administration of intravenous contrast agent did not affect the
ability of L1 trabecular attenuation measurements to be used to
diagnose osteoporosis at DXA. However, studies (25,26) that ex-
amined trabecular attenuation before and after contrast admin-
istration in the same patient at a single session reported mean
trabecular attenuation differences of 11 HU and 18 HU, respec-
tively, but the effect was variable between individual patients. It
is debatable regarding whether such Hounsfield unit differences
would be meaningful enough in the setting of opportunistic
screening to warrant separate thresholds, especially given the ap-
parent minimal effect in older adults.

After menopause, L1 Hounsfield unit values match fairly
closely between men and women, although fracture risks may
still differ due to other factors. The same pattern between the
sexes was observed in a study (27) that examined single sections
of L1, L2, and L3 vertebrae at quantitative CT, but this pattern
was not observed in the femoral neck, distal radius, and distal
tibia. Whereas fragility fractures occur more often in women,
about a third of osteoporosis-related fractures occur in men (28).
Large population data show that the prevalence of vertebral frac-
ture is similar in both sexes; men aged 50—64 years have higher
rates of vertebral fracture than do women (22). Osteoporosis is
often assumed to be a disease that predominately affects post-
menopausal women, and is underappreciated in men (29). The
U.S. Preventative Service Task Force 2018 recommendation
statement concluded that there is insufficient data to guide os-
teoporosis screening in men (30). To bring light to the issue,
the International Society for Clinical Densitometry recently re-
affirmed that men derive their T-scores from the normative refer-
ence database for women (31). The implementation of opportu-
nistic screening of CT may further raise recognition that men
can also be at higher risk of fracture, especially vertebral fracture.

Implementation of a fully automated algorithm for CT-based
opportunistic BMD screening is appealing. The customized tool
we used can be used to automatically measure large patient
populations. However, the difference in L1 Hounsfield unit
values between the manual and automated methods was more
pronounced among older adults with lower Hounsfield unit val-
ues compared with the use of intravenous contrast agent and sex
differences. Our subanalysis directly compared the automated
measurement with several manual ROI measurements (axial
midline, axial off-midline, and sagittal) and showed that this dif-
ference was related to the specific axial level used. We noted a
slightly denser band of more condensed trabecular bone parallel
to the endplates at the midvertebral level in some patients on the
sagittal view at CT. This phenomenon has been confirmed at
anatomic observation, at which BMD has been shown to be sub-
stantially higher at the midvertebral level compared with both
cranial and caudal trabecular regions (20). This difference is more
pronounced in patients with lower BMD, which explains the
greater age-related difference in older patients. Not surprisingly,
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L1 Attenuation by Age According to Sex, Administration of Intravenous Contrast Agent, and Manual and
Automated Method
Without Intravenous  With Intravenous
Contrast Agent Contrast Agent Manual Method ~ Automated Method
Women Men Administration Administration for ROI Selection  for ROI Selection

Age Median Mean Median Mean Median Mean Median Mean Median Mean Median Mean
Group (y) (HU) (HU) (HU) (HU) (HU) (HU) (HU) (HU) (HU) (HU) (HU) (HU)
<30 231 233 =38 214 219 *= 48 207 211 = 46 231 235 = 40 221 226 = 44 235 234 *+ 36
30-34 222 218 =39 201 205 = 41 200 202 = 41 219 219 =38 210 210 =39 229 231 * 47
35-39 222 219 * 41 194 191 = 38 198 200 = 45 213 210 = 39 206 206 = 43 206 204 * 35
4044 209 206 = 45 183 191 =51 202 201 £ 43 203 201 + 54 194 196 =52 209 210 = 37
45-49 197 198 = 38 183 182 =39 193 193 = 38 187 190 + 42 186 188 += 40 196 195 = 38
50-54 185 188 + 41 174 175 = 36 180 183 =39 167 171 £ 47 173 175 £39 182 185 = 39
55-59 163 166 = 38 163 166 = 39 163 166 = 38 165 165 = 38 156 159 = 39 165 169 * 38
60-64 151 157 =39 154 157 =38 154 158 = 38 145 148 + 41 145 150 = 39 156 160 £ 38
65-69 139 145 + 53 139 142 + 47 139 144 + 44 140 144 =59 134 138 = 54 149 153 = 42
70-74 133 139 £51 132 135 = 43 132 136 £ 46 132 138 =50 130 135 £50 139 142 *+ 42
7579 114 120 = 44 120 125 = 42 114 120 *= 43 122 125 £ 43 115 120 + 42 126 135 * 44
80-84 105 112 = 46 117 120 = 41 106 111 = 43 116 120 = 45 109 113 = 45 119 126 * 38
85-89 97 105 = 43 100 106 £ 54 92 102 =54 101 109 = 41 96 101 = 42 111 126 %= 60
=90 84 88 37 82 91 =41 76 84 + 41 89 92 +36 82 87 36 90 120 £ 63
Total 160 163 =51 157 157 = 46 162 164 *= 46 142 148 = 58 145 149 = 54 167 170 = 42
Note.—Mean data are * standard deviation. ROI = region of interest.

the manual sagittal measurements were intermediate but closer
to the standard off-midline axial measurement because only a
small portion of the dense midline band was included. Currently
we are using a slight modification in the automated algorithm,
with a more superior (cranial) axial section above the midline.
However, for the purposes of opportunistic screening, one could
argue that adjustment may not be necessary unless a patient is
relatively close to a critical threshold.

The kilovolt settings have a more profound effect on Houn-
sfield unit values of trabecular bone compared with soft tissue
structures (32), which is why we limited our analysis to 120 kV.
Further study is required to derive relevant thresholds at other ki-
lovolt settings, but this should be fairly straightforward and could
be phantom based. Some critics have cited scanner-to-scanner
variability in measurement as a major obstacle (6,33). CT model—
and manufacturer-dependent variability in Hounsfield unit mea-
surements have been demonstrated in a study (34) that scanned a
single European Spine Phantom by using 20 different commercial
CT scanners. However, the differences were relatively small, and
L1 showed the least variation compared with the L2 and L3 levels.
Moreover, to our knowledge, there are no well-designed prospec-
tive studies that clearly demonstrate the cost-effective benefit of
additional workup and treatment after patient identification (33).
Nonetheless, the normative reference ranges outlined in our study
can easily identify individuals who have Hounsfield unit measure-
ments below the values of their age group.

Our study had limitations. The generalizability of our results
may have been somewhat limited because of the retrospective
single-center nature of our study. The number of CT images an-
alyzed for each age group was unevenly distributed, as were the
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data for sex, intravenous contrast agent, and manual versus auto-
mated ROI. In addition, whereas DXA-derived T-scores take the
patient’s ethnicity into account, to our knowledge, ethnic differ-
ences in trabecular attenuation values are yet to be investigated.
Our subanalysis cohort to investigate differences between the
manual and automated methods was small relative to the entire
study cohort. Finally, we did not delve into additional clinical
information, such as medications and comorbid conditions.

Our study provides normative values of L1 trabecular attenua-
tion, which can serve as a quick reference for opportunistic osteo-
porosis screening at routine CT to identify at-risk individuals. It
is our hope that this study will further encourage radiologists who
interpret CT images to routinely assess for L1 trabecular attenua-
tion (and compression fractures) by using the simple manual ap-
proach because undiagnosed low BMD and osteoporosis are typi-
cally encountered on a daily basis in routine practice. In the future,
automated methods are likely to become widely available, which
could provide for objective assessment at both the individual pa-
tient level, and for large patient cohorts or populations.
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