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Abstract

Purpose To evaluate the diagnostic performance of Hounsfield unit histogram analysis (HUHA) of precontrast abdominal-pelvic

CT scans for predicting osteoporosis.

Materials and methods The study included 271 patients who had undergone dual X-ray absorptiometry (DXA) and abdominal-

pelvic CT within 1 month. HUHA was measured using commercial 3D analysis software (Aquarius iNtuition v4.4. 12€,

TeraRecon) and expressed as a percentage of seven HU range categories related to the ROI: A <0, 0 < B < 25,25 <C < 50,

50<D<75,75<E< 100,100 <F <130, and 130 < G. A coronal reformatted precontrast CT image containing the largest Ward’s

triangle was selected and then the ROI was drawn over the femoral neck. Correlation () and ROC curve analyses were used to

assess diagnostic performance in predicting osteoporosis using the femur 7-score as the reference standard.

Results When the femur 7-score was used as the reference, the s of HUHA-A and HUHA-G were 0.74 and -0.57, respectively.

Other HUHA values had moderate to weak correlations (» = -0.33 to 0.27). The correlation of HUHA-A was significantly higher

than that of HUHA-G (p = 0.03). The area under the curve (0.95) of HUHA-A differed significantly from that of HUHA-G (0.90;

p<0.01). AHUHA-A threshold > 27.7% was shown to predict osteoporosis based on a sensitivity and specificity of 95.6% and

81.7%, respectively.

Conclusion The HUHA-A value of the femoral neck is closely related to osteoporosis and may help predict osteoporosis.

Key Points

* HUHA correlated strongly with the DXA femur T-score (HUHA-A, r = 0.74).

* The diagnostic performance of HUHA for predicting osteoporosis (AUC = 0.95) was better than that of the average CT HU
value (AUC = 0.91; p < 0.05).

* HUHA may help predict osteoporosis and enable semi-quantitative measurement of changes in bone mineral density.
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Abbreviations CI Confidence interval
ATCM  Automatic tube current modulation DXA Dual-energy X-ray absorptiometry
ATVS  Automatic tube voltage selection HU Hounsfield unit
BMD  Bone mineral density HUHA Hounsfield unit histogram analysis
ICC Intra-class correlation coefficient
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during their life [2, 3]. Among the osteoporosis related-frac-
tures, proximal femur fracture is one of most common com-
plications and is associated with higher mortality and morbid-
ity [4].

Dual-energy X-ray absorptiometry (DXA) is the standard
method for diagnosing osteoporosis, as the WHO definition of
osteoporosis is based on the DXA T-score. Osteoporosis is
diagnosed using central DXA in postmenopausal women
and men aged > 50 years if the 7 -score of the lumbar spine
or hip is -2.5 or less [5]. Although the revised and expanded
recommendations of the U.S. Preventive Services Task Force
emphasise the importance of more screening [6], DXA as a
screening method is underused, and there is a growing appre-
ciation of the need for broader screening efforts [7, 8].

More than 25 million abdominal-pelvic CT scans are
performed on adults each year in the United States. Even
if a small number of these patients undergo opportunistic
osteoporosis screening, the impact could be substantial.
Recently, several studies have shown optimistic results
using CT for opportunistic screening of osteoporosis
[9-14]. These reports showed that the average CT HU
value for multiple or even a single vertebra is correlated
with the DXA T-score and could be used for opportunistic
screening of osteoporosis, providing several threshold cut-
off values yielding a high specificity for identifying oste-
oporosis. However, these studies focused on the lumbar
spine using average CT HU values [10, 12, 13, 15]. The
diagnosis of osteoporosis is based on the 7-score of the
lumbar spine or femoral neck [5]. The femoral neck is an
ideal site to assess osteoporosis, for several reasons. First,
the femoral neck is unaffected by degenerative arthritis,
unlike the lumbar spine [16]. Second, the femoral neck
consists mainly of dense trabecular bones and Ward’s tri-
angle. Both are closely related to osteoporosis, since tra-
becular bone is especially affected by osteoporosis [17,
18]. Third, focal osteoporosis defects play an important
role in hip fracture [17]. In addition, bone mineral density
(BMD) of the femur is a strong predictor of hip fracture
[19, 20].

As osteoporosis progresses, BMD decreases, and bony mi-
crostructure changes occur [18]. Change in the microstructure
of trabecular bone is represented as a decrease in the HU value
on CT. The HU histogram presents the distribution of variable
HU values from fat tissue to hard cortical bone. The average
HU value is a single value representative of certain ROIs but is
a summation of the HU histogram. Thus, CT HU histogram
analysis could be more important than the average CT HU
value for assessing BMD changes during osteoporosis. The
aim of this retrospective study was to evaluate the diagnostic
performance of CT HU histogram analysis on precontrast
abdominal-pelvic CT (APCT) scans in predicting osteoporo-
sis in adults > 50 years of age, using the DXA T-score as the
reference standard.
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Materials and Methods

This retrospective study was approved by our institutional
review board, and informed consent was waived.

Patients

Between March and July of 2017, 279 consecutive patients 50
years or older who underwent APCT and had undergone DXA
within 30 days (mean 5.3 days, range 025 days) were includ-
ed, retrospectively. Among them, eight patients were excluded
due to bone metastasis (n = 6) and any total hip arthroplasty
(n=2). Finally, 271 patients (mean age 69.5 years, range 50—
96 years) were included in the study cohort. This cohort com-
prised 47 men (mean age 69.5 years; range 50-90 years) and
224 women (mean age 69.5 years; range 50-96 years). The
reasons for CT imaging were as follows: tumour metastasis
surveillance (n = 157), minor trauma such as slip-down injury
or simple fall-down injury (n = 80), and routine health check-
up or medical inspection (n = 34) (Fig. 1). None of the 271
patients had any bone diseases. All 157 patients who
underwent tumour metastasis surveillance were female breast
cancer patients, none of whom had taken anticancer drugs for
3 months before the DXA and APCT.

DXA

DXA of the proximal femur for BMD assessment was per-
formed using the standard technique according to the
International Society for Clinical Densitometry guidelines
using Lunar Prodigy densitometers® (GE Healthcare). The
lowest DXA T-score of the femoral neck was used as the
reference standard. The WHO definition of osteoporosis of

| Between March 2017 and June 2017 |

Consecutive patients with Consecutive
pre-& post-enhancement patients with DXA
APCT (n=4,004) (n=2,145)

! !

Inclusion criteria based on medical records survey (n=279)
1) Both APCT and DXA underwent within 30 days
2)Age = 50 years
3) No chemotherapy
4) No abnormal records of femurs and pelvic bones

Excluded patients (n=8);
- new bone metastasis (n=6)
- any total hip arthroplasty (n=2)

Enrolled patients (n=271) |

Fig. 1 Flowcharts of patient selection. APCT = abdominal-pelvic CT;
DXA = dual-energy X-ray absorptiometry
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the femur head is a DXA T-score <-2.5. Osteopenia is defined
as a DXA T-score of -1.0 to -2.4. A DXA T-score > -1.0 is
defined as normal.

CT imaging

All CT examinations were performed using three
multidetector-row CT (MDCT) scanners (SOMATOM
SENSATION 64, SOMATOM Definition Edge,
SOMATOM Definition Flash; Siemens Healthcare) in stan-
dard single-energy CT mode. Automatic tube voltage selec-
tion (ATVS; Care kVp) and automatic tube current modula-
tion (ATCM; CARE Dose 4D) protocols were used with the
SOMATOM Definition Edge and SOMATOM Definition
Flash CT scanners. Only the ATCM protocol was used with
the SOMATOM SENSATION 64 CT scanner. Although au-
tomated tube voltage selection chooses kVp values ranging
from 80—140 kV, our study patients were examined at either
100 kVp or 120 kVp. With the patient in the supine position,
both precontrast and contrast-enhanced CT images were ob-
tained from the diaphragm to the pubic symphysis. A
precontrast CT was performed first. Portal venous-phase im-
aging was conducted 50 s after an intravenous injection of
100-150 mL iodinated contrast material at a rate of 2.5—4
mL/s through the antecubital vein. However, to exclude the
effect of the contrast agent on the CT Hounsfield unit mea-
surement, all measurements were performed using only the
precontrast CT images [21].

The scanning parameters of SOMATOM SENSATION 64
CT scans (n = 19) were as follows: detector collimations, 64 x
0.625 mm; pitch, 1.4; gantry rotation time, 0.5 s; tube current,
210 mAs; tube voltage, 120 kVp; and filter back projection
with soft tissue kernel (B40f). The scanning parameters of
SOMATOM Definition Edge and SOMATOM Definition
Flash CT scans (n = 252) were as follows: detector collima-
tions, 128 x 0.6 mm; pitch, 0.6; gantry rotation time, 0.5 s;
tube current, 200 or 289 mAs; tube voltage, either 100 kVp
(n = 93) or 120 kVp (n = 159); and Sinogram-Affirmed
Iterative Reconstruction with soft tissue kernel (140f) applied
with S1 iteration level. The raw data were routinely
reformatted in the axial and coronal planes based on a section
thickness of 5 mm and an interval of 5 mm.

HUHA and average CT HU measurements

HUHA and average CT HU measurements were per-
formed on coronal reformatted precontrast images
(5 mm slice thickness) using commercial three-
dimensional (3-D) analysis software (Aquarius iNtuition
V4.4.12®, TeraRecon). All measurements from the 271
patients were performed by one radiologist (H.I.H). To
assess interrater agreement, two radiologists (H.I.LH. with
10 years of experience interpreting body images and

S.Y.P. with 4 years of experience interpreting musculo-
skeletal images) measured the HUHA and average CT
HU values in images from 30 randomly selected femoral
neck cases. Interobserver reliability was estimated by one
radiologist (H..LH) at a 4-week interval to prevent recall
bias. Prior to conducting the measurements, there was no
specific interactive training session to learn the measure-
ment techniques. Observers selected the image that
contained the greatest amount of Ward’s triangle and the
principal compressive trabecula on the coronal
reformatted image and then drew the largest ROI over
the femoral neck and intertrochanteric area adjacent to
the outer cortex. The HUHA is expressed as a percentage
of the ROI and can be classified into seven arbitrarily
determined categories, as follows: A < 0, 0 < B < 25,
25<C<50,50<D<75 75 <E<100, 100 <F <
130, and 130 < G. The area of each HU range can be
automatically calculated as a percentage of the entire area
using the 3-D analysis software. This software displays
the colours according to each HUHA range. The average
HU value was simultaneously calculated using the same
reformatted coronal image for the same ROIs (Fig. 2).

Statistical analysis

The patient cohort was divided into the osteoporosis and non-
osteoporosis groups according to the femur 7-score.
Demographic variables, HUHA categories, and average CT
HU values were expressed as means with standard deviations
and compared using the independent #-test to determine dif-
ferences between two groups.

Correlation analysis was used to determine the HUHA cat-
egories and average CT HU values that best reflect the femur
T-score qualitatively. The significance of the correlation coef-
ficients was measured by Z-test. Since covariance among
HUHA variables is a possibility, simple linear regression anal-
ysis (%) was performed using the strongest variable from the
correlation analysis.

The diagnostic performance of HUHA and the average CT
HU value in predicting osteoporosis with respect to the femur
T-score reference standard was evaluated by ROC curve anal-
ysis using those variables showing a high correlation in the
simple linear regression analysis.

Intra-observer agreement in terms of HUHA and average
CT HU measurements was assessed based on a two-way
mixed intra-class correlation coefficient (ICC) with absolute
agreement. An ICC > 0.75 was considered to represent good
agreement [22, 23]. Interobserver agreement was calculated
using the kappa statistic. Kappa values were interpreted ac-
cording to the criteria of Landis and Koch [24]. Statistical
analyses were performed using commercial software
(MedCalc®, MedCalc Software bvba). A p value < 0.05
was considered to indicate a significant difference.
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Fig. 2 Measurement of HUHA
and average CT HU using the
commercial 3-D analysis software
(Aquarius iNtuition v4.4.1 2©).
The ROI was drawn to include as
much of Ward’s triangle as possi-
ble. Images processed with
HUHA analysis show (a) 7-score
-1.1 and (b) T*score -2.8
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Volume (Histogram):

Total Volume : 0.545 (cm?®)
m-1024~0 : 0.0364 (cm?®) , 6.67 (%)
1~24:0.0189 (cm?) , 3.46 (%)

W25~49 :0.0219 (cm?) , 4.02 (%)

m50~74 :0.0399 (cm?) , 7.32 (%)

|m75~99 :0.0438 (cm®) , 8.04 (%)
100~130 : 0.0539 (cm?) , 9.89 (%)
131~3071 : 0.331 (cm®) , 60.6 (%)

Diameter: 31.2 mm
Mean: 282

Area: 7.63 cm?
Min: -117

Max: 1491

SDev: 320

1mm/div

Volume (Histogram):
Total Volume : 0.552 (cm?)
m-1024~0: 0.241 (cm®) , 43.6 (%)
1~24 :0.0516 (cm?), 9.35 (%)
W25~49 :0.0393 (cm?), 7.13 (%)
m50~74:0.0317 (cm?®), 5.74 (%)
J m75~99:0.0184 (cm®) , 3.33 (%)

100~130 : 0.0169 (cm®) , 3.06 (%)
131~3071 : 0.153 (cm®) , 27.8 (%)

Diameter: 29.9 mm
Mean: 140

Area: 6.99 cm?
Min: -133

Max: 1548

SDev: 347
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Table 1 Comparison of patient
demographics and DXA, average Osteoporosis Non- p-
CT HU, and HUHA values osteoporosis value
between the osteoporosis and
non-osteoporosis groups Number 91 180
Sex (M:F) 11:80 36:144
Age, years 80.2+94 64.1 +£10.5 0.00
T-score -3.3+0.7 -09+1.1 0.00
BMD (g/cm?) 0.54+0.82 0.83+0.13 0.00
Interval from DXA to APCT (day) 4.7+4.6 3.8+6.8 0.31
Average CT HU 65.9 +£55.1 209.1 £91.5 <0.01
HUHA (% of ROI area)
A (-1024 to 0 HU) 439+122 15.5+20.9 <0.01
B (1-24 HU) 83+23 6.4+3.7 <0.01
C (2549 HU) 74+23 7.1+3.5 0.43
D (50-74 HU) 65+22 77+33 0.01
E (75-99 HU) 55+1.9 7.8+2.8 <0.01
F (100-129 HU) 57+59 88+32 <0.01
G (=130 HU) 232+93 47.7+£19.2 <0.01

APCT abdominal-pelvic CT, BMD bone material density, DXA dual-energy X-ray absorptiometry, HUHA

Hounsfield unit histogram analysis

Results
Patient descriptions

Patient demographics and DXA, HUHA, and average
CT HU values are summarised in Table 1. The
HUHA-A, HUHA-G, and average CT HU values are
shown in Fig. 3. The prevalence of osteoporosis in this
study cohort was 33.6%. A total of 178 patients
underwent the 120 kVp CT protocol, and 93 patients
underwent the 100 kVp CT protocol, but the average
psoas muscle HU values at both tube voltages showed
no significant difference (49.8 + 5.1 vs. 49.5 + 4.8,
respectively; p = 0.68).

Correlation and simple linear regression analyses

HUHA-A showed a strong positive correlation with the
presence of osteoporosis ( = 0.74, 95% confidence inter-
val 0.69 to 0.79, p < 0.01), whereas the correlations of
HUHA-G and the average CT HU with the femur 7-score
were moderate and negative ( = -0.57, 95% confidence
interval -0.65 to -0.49, p < 0.01; » = -0.64, 95% confi-
dence interval -0.71 and -0.57, p < 0.01, respectively).
The correlations of the other HUHA categories were
weakly positive or negative (r = -0.33 to 0.27). A signif-
icantly higher correlation with the 7-score was obtained
with HUHA-A than with either HUHA-G (Z = 1.87, p =
0.03) or the average CT HU (Z = 1.89, p = 0.03). Based
on the correlation analysis, a simple linear regression
equation was generated using HUHA-A (Fig. 4).

Diagnostic performance in predicting osteoporosis

According to the correlation analysis, diagnostic perfor-
mance was evaluated using HUHA-A, HUHA-G, and
the average CT HU. The diagnostic performance of
each variable in predicting osteoporosis was assessed
using ROC curves (Fig. 5). The area under the curve
(AUC) for HUHA-A (0.95) showed a significant differ-
ence compared with those for HUHA-G (0.90) and the
average CT HU (0.91; HUHA-A vs. HUHA-G, p <
0.01; HUHA-A vs. average CT HU, p = 0.04; HUHA-
G vs. average CT HU, p = 0.42). Using the Youden
index obtained from the ROC curve, the sensitivity
and specificity in predicting osteoporosis were 95.6%
and 81.7% for an HUHA-A cutoff value of > 27.7%,
67.0% and 92.8% for a HUHA-G cutoff value of <
31.6%, and 83.5% and 90.0% for an average CT HU
cutoff value of < 108, respectively. The negative predic-
tive value of HUHA-A, HUHA-G, and the average CT
HU was 97.3%, 84.7%, and 91.5%, respectively
(Table 2).

Intra-observer and interobserver agreement

The ICCs between one observer’s measurements and
interobserver agreement are summarised in Table 3.
The ICCs for HUHA-A, HUHA-G, and the average
CT HU were good, and those of HUHA-A were almost
perfect (kappa = 0.83). Substantial agreement was ob-
tained for the interobserver validations of the other
measurements.
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Fig. 3 Multiple comparison a %)
graphs of the HUHA-A, HUHA- 100 -
G (a), and average CT HU (b)

distribution between the osteopo-

rosis and non-osteoporosis groups
80

60 -

20

—o— Non-osteoporosis
--v-- Osteoporosis

(o]
i

&

v

foee

b )
600 -

500 [
400 |-
300 |
200 |-

100 |-

-100

—o— Non-osteoporosis
--v-- Osteoporosis

[e}Ne]

Discussion

With the recent advances in 3-D image processing technology,
CT image analysis has made it possible to analyse arbitrarily
set CT HU range histogram as well as average CT HU value.
In addition, several studies have shown that average CT HU
values measured on lumbar spines or femoral neck are useful
in diagnosing osteoporosis in either precontrast or post-
contrast APCT [10, 12—-14]. We hypothesised that
histogram-range analysis of the CT HU would be more accu-
rately reflect changes in the bony microstructure associated
with osteoporosis as well as more useful in diagnosing

@ Springer

Average CT HU

osteoporosis than average CT HU value. In our study, we
arbitrarily set up seven categories of HUHA. Among them,
increase in HUHA-A (0 < HU), corresponding to the fatty
marrow content in the femoral neck, showed strong positive
correlation, and decrease in HUHA-G (> 130 HU), corre-
sponding to the dense cortical bone content, showed moderate
negative correlation with presence of the osteoporosis, respec-
tively. Thus, our results reflected the pathophysiology of os-
teoporosis, in which the reduction in trabecular bony structure
is replaced by fatty marrow, in addition to thinning of cortical
bone during bone mineral loss [25, 26]. Especially, HUHA-A
was strongly correlated with osteoporosis and may be used as
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Fig. 4 Scatter plot and fitted 2
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a semi-quantitative marker to evaluate cortical bone porosity
and low BMD [26]. In our study, HUHA-A and HUHA-G
showed not only a strong correlation with the pathophysiolo-
gy of osteoporosis, but also a good diagnostic performance in
the prediction of osteoporosis. Although all of HUHA-A,
HUHA-G and average CT HU value showed good diagnostic
performances (AUC > 0.9), HUHA-A showed significantly
better diagnostic performance in predicting osteoporosis than
did HUHA-G and the average CT HU value. Based on a
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Fig. 5 Receiver operating characteristic curves predicting osteoporosis
with HUHA-A (red box), HUHA-G (green circles), and average CT
HU (blue triangle)
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HUHA-A cutoff value of > 27.7%, deduced from the ROC
analysis, HUHA-A showed a sensitivity of 95.6%, a specific-
ity of 81.7%, and a negative predictive value of 97.3% in
diagnosing osteoporosis. The corresponding each values for
the average CT HU cutoff value of < 108, deduced from the
ROC analysis, were 83.5%, 90%, and 91.5%, respectively.
Thus, our study showed that histogram analysis of CT HU
in osteoporosis evaluation may be more useful than conven-
tional image analysis based on measurement of the average
CT HU value. The higher prevalence rate of the osteoporosis
resulted in high sensitivities and negative predictive values of
the screening tests. Although our results were from a single-
centre retrospective study, HUHA-A, showed over 95% sen-
sitivity and negative predictive value in diagnosing osteopo-
rosis, could be a feasible method for opportunistic screening
of osteoporosis in patients undergoing precontrast APCT.
Pickhardt et al reported the diagnostic performance of the
average CT HU value, which was associated with an AUC of
~ 0.83, sensitivity of 76%, and specificity of 75% ata 135 HU
threshold for the lumbar spine [13]. Our results showed better
AUC, sensitivity, and specificity for the diagnostic perfor-
mance of the average CT HU value. The differences may be
due to the following three factors. First, we measured the
average CT HU at the femoral neck area instead of at the
vertebral body, as the latter frequently undergoes degenerative
change related to aging that may lead to an overestimation of
BMD [27]. By contrast, the femoral neck is rarely affected by
degenerative osteoarthritis [16]. Thus, the average CT HU of
the femur more accurately reflects changes in osteoporosis
than does the average CT HU of the lumbar spine. Second,
because we used a low cutoff average CT HU value (108 HU),
the sensitivity and specificity were higher. Third, compared
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Table 2  Diagnostic accuracy of the HUHA-A, HUHA-G, and average CT HU values for osteoporosis (defined as a DXA femur T-score < -2.5)
Threshold Sensitivity (%) Specificity (%) AUC (95% CI) PPV (%) NPV (%)
HUHA-A >27.7% 95.6 81.7 0.95 (0.91-0.98) 71.9 97.3
HUHA-G <31.6% 67.0 92.8 0.90 (0.85-0.94) 82.4 84.7
Average CT HU <108 HU 83.5 90.0 0.91 (0.87-0.95) 80.9 91.5

The prevalence of osteoporosis in the study cohort was 33.6%

AUC area under the curve, DXA dual-energy X-ray absorptiometry, HUHA Hounsfield unit histogram analysis, PPV positive predictive value, NPV

negative predictive value

with other previous studies that focused on the lumbar spine
and excluded cortical bone density, our ROI measurement
included the outer margin of the cortical bone.

Our study design was similar to that of Gruber et al [28].
However, although the two studies are in agreement on the
casy accessibility of the femur for HU measurement, with little
technical effort and less time required, they have two major
differences. First, Gruber et al measured the average HU value
in axial images, whereas we measured the HU value range in
coronal reformatted images. Second, because Gruber et al
used contrast-enhanced CT images, additional phantom imag-
ing and a HU value correction process were required.
Nonetheless, both our study (» = 0.74) and that of Gruber
et al (r = 0.79 - 0.84) found a strong correlation with the
DXA results in predicting osteoporosis of the femoral neck.
Thus, these studies demonstrate the feasibility of osteoporosis
screening based on measurements of HU value on either
precontrast or contrast-enhanced APCT of the femur, regard-
less of whether the images are axial or coronal or whether
contrast medium is used in the examination.

The HUHA method has the following advantages. First, it
is easy to perform and shows high repeatability. The observer
does not require special training, knowledge, or experience to
select and draw a ROI. Rather, the observer selects the best
image of Ward’s triangle containing the largest amount of fatty
marrow and then draws the largest ROI on the femoral neck,
including as much of Ward’s triangle as possible. Although
there was no specific interactive training session before
HUHA measurements were made, intra- and interobserver
agreement was either good or substantial. In addition,
HUHA measurements do not require a significant amount of
time when performed in daily routine clinical practice. The
commercial 3-D program can be linked to the PACS, and
patient images that require analysis in real time can be

retrieved. The time required to analyse one image was about
1 min. However, as far as we know, Aquarius iNtuition® is the
only commercial program that allows a histogram analysis of
the CT number of a specific region. Second, this method pro-
vides colour-overlay CT images depicting the extent of bone
mineral loss; thus, intuitive estimates of osteoporosis are pos-
sible. Third, semi-quantitation of the change in bone mineral
loss is possible. We divided the HU range into seven arbitrari-
ly chosen intervals, but the HU range can be set by the user.
Fourth, unlike with quantitative CT or quantitative ultrasound
CT, additional equipment, phantom, or daily practice is not
required [29]. Measurement of HU values is significantly af-
fected by the intravenous contrast medium. Pompe et al
showed that injection of contrast medium substantially in-
creases the HU value compared with precontrast CT and thus
leads to an underestimation of osteoporosis [21]. Gruber et al
showed that the BMD values obtained from contrast-
enhanced CT images of the femoral neck correlate strongly
with the DXA reference value but that a special conversion
process is required for the determination [28]. To avoid this
effect of contrast medium, we measured HUHA and the mean
CT HU on precontrast CT scan images. However, both mea-
surements are affected not only by the use of an intravenous
contrast medium and a reduction in the radiation dose, such as
achieved with automated tube current selection and a projec-
tion angle with iterative reconstruction but also by scanner
instability; the presence of fat within the bone marrow; and,
in single-energy CT, beam hardening artefacts, patient scatter,
and metal artefacts [9, 30]. Mei K et al reported bone mineral
density showed no significant change regardless of sparse
sampling and low tube current. But, quantitative trabecular
bone microstructure measurement was sensitive to dose re-
duction [30]. In our study we observed a strong positive cor-
relation between HUHA-A and osteoporosis prediction.

Table 3 Intra-observer and inter-
observer agreement of HUHA

HUHA-A (95% CI)

HUHA-G (95% CI)  Average CT HU (95% CI)

and average CT HU measurement
Intra-observer agreement (ICC)

Inter-observer agreement (Kappa)

0.96 (0.85, 0.99)
0.83 (0.77, 0.89)

0.92 (0.79, 0.97)
0.60 (0.45, 0.76)

0.92 (0.84, 0.96)
0.73 (0.63, 0.83)

ICC a two-way mixed intra-class correlation coefficient with absolute agreement

95% CI 95% confidence interval
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Because our study was performed on single-energy
precontrast APCT using either 100 kVp or 120 kVp tube
voltage, the HUHA value may vary slightly depending on
the CT protocol.

DECT can be a suitable alternative to solve these problems.
Compared with single-energy CT, dual-energy CT enables
reducing beam hardening artefacts and metal artefacts, more
precise tissue characterisation based on the calculation of the
effective atomic number and electron density of substances
and showed strong linear correlation regardless of tube volt-
age [9, 31-33]. With these advantages, dual-energy CT had a
strong advantage with measurement of marrow fat tissue con-
tent, quantitative analysis of bony microstructure, and bone
mineral density [31-33]. A more sophisticated analysis of
bone composition can be achieved when HUHA is combined
with a bone density calibration phantom and dual-energy CT
scan. It may also help to quantitatively evaluate the effect of
therapeutic agents on osteoporosis. Additional studies are
needed to more fully evaluate the potential effects of the
HUHA according to the various scan strategies of single-
energy or dual-energy CT.

Our study has some limitations. First, this was a retrospec-
tive single-centre study. There was a potential for selection
bias associated with the retrospective inclusion of patients.
We enrolled patients older than 50 years who underwent
DXA as a standard reference test. DXA is recommended to
a woman age 65 or older, a man age 70 or older, bony fracture
after age 50, menopause age with risk factors, postmenopausal
woman under age 65 with risk factors and man age 50-69
with risk factors [34, 35]. In addition, the Fracture Risk
Assessment Tool (FRAX) is another test used in conjunction
with DXA for the osteoporosis screening among younger
postmenopausal women aged 5064 years, but it requires
the results of the DXA [36, 37]. The purpose of our study
was to evaluate the usefulness of the diagnosis and opportu-
nistic screening of osteoporosis using precontrast APCT, by
referring to these references, we limited the age of the patients
to 50 years of age or older. Second, there were many patients
with breast cancer. Although 157 patients undergoing tumour
metastasis surveillance were included in this study, none had
received chemotherapy before the test, and the duration of
DXA and APCT was limited to 1 month or less. Thus, changes
in BMD related to chemotherapy were presumably negligible.
Third, the seven HU range categories were selected arbitrarily.
Each HUHA range was arbitrarily set because it was the first
trial to be attempted. However, HUHA-A and HUHA-G as-
sumed fatty marrow content and dense cortical bone, respec-
tively, referring to the results of previous studies [13, 17].
Thresholds and diagnostic performances are study-
dependent and require a larger cohort and external validation.
Fourth, although our CT machines are regularly calibrated
according to the manufacturer’s guidelines, the HU values
may have differed based on X-ray beam properties.

Although there was no significant difference in the HU of
the psoas muscle according to the tube voltages, there is an
inevitable difference in the HU value depending on the CT
device and the protocol used.

In conclusion, our study showed that HUHA measure-
ments in the femoral neck are closely related to BMD and
can be used to predict osteoporosis as defined by the DXA
T-score. Among the HUHA-A, HUHA-G, and average CT
HU values, a HUHA-A cutoff value of > 27.7% showed the
best diagnostic performance in predicting osteoporosis, with
95.6% sensitivity and 81.7% specificity.
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