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Abstract

Background

The preoperative identification of osteoporosis in the spine surgery population is of crucial
importance. Limitations associated with dual-energy x-ray absorptiometry(DXA), such as
access and reliability, have prompted the search for alternative methods to diagnose
osteoporosis. The Hounsfield Unit (HU), a readily available measure on computed
tomography(CT), has garnered considerable attention in recent years as a potential diagnostic
tool for reduced bone mineral density (BMD). However, the optimal threshold settings for

diagnosing osteoporosis have yet to be determined.

Methods

We selected studies that included comparison of the HU (index test) with DXA evaluation
(reference test). Data quality was assessed using the standardised QUADAS-2 criteria.
Studies were characterised into 3 categories, based on the threshold of the index test used
with the goal of obtaining a high sensitivity, high specificity or balanced sensitivity-

specificity test.

Results

9 studies were eligible for meta-analysis. In the high specificity group, the pooled sensitivity
was 0.652 (95% CI1 0.526 — 0.760), specificity 0.795 (95% CI1 0.711 — 0.859) and diagnostic
odds ratio was 6.652 (95% CI 4.367 — 10.133). In the high sensitivity group, the overall
pooled sensitivity was 0.912 (95% CI1 0.718 — 0.977), specificity was 0.67 (0.57 — 0.75) and
diagnostic odds ratio was 19.424 (5.446 — 69.275). In the balanced sensitivity-specificity
group, the overall pooled sensitivity was 0.625 (95% CI 0.504 — 0.732), specificity was 0.914
(0.823 — 0.960) and diagnostic odds ratio was 14.880 (7.521 — 29.440). Considerable

heterogeneity existed throughout the analysis.



Conclusion

In conclusion, the HU is a clinically useful tool to aide in the diagnosis of
osteoporosis. However, the heterogeneity seen in this study warrants caution in the
interpretation of results. We have demonstrated the impact of differing HU threshold values
on the diagnostic ability of this test. We would propose a threshold of 135 HU to diagnose
OP. Future work would investigate the optimal HU cut-off to differentiate normal from low

BMD.



Introduction

Osteoporosis (OP) is a systemic skeletal disease characterised by low bone mass and a
progressive microarchitectural deterioration of bone tissue, leading to enhanced bone fragility
and a consequent increased risk of fracture®. Osteoporotic fractures result in a considerable
socioeconomic and healthcare burden, due to the associated loss of independence and
increased mortality rate>®. Furthermore, they are associated with a significant complication
profile. Notably, the risk of pseudarthrosis and subsequent mechanical failure has been
reported to be as high as 35 % in the setting of osteoporosis, and this is of particular concern
in an elderly patient cohort>®. Moreover, the decreased pull-out strength, cut-out and
insertional torque, associated with instrumenting osteoporotic patients results in an increased
risk of perioperative vertebral fracture and postoperative instrumentation failure®. Therefore,
the preoperative diagnosis of OP is crucial to ensure timely preoperative optimisation and
aide in surgical planning®®.

The gold standard method to diagnose OP, as defined by the World Health
Organisation, is a T-score of - 2.5 (i.e. more than 2.5 standard deviations below the average
of a 25 year old adult) obtained by dual-energy X-ray absorption densitometry (DXA)’.
However, access to DXA varies considerably internationally? and potential sources of error
exist through improper patient positioning and scan interpretation®. These limitations have
prompted the search for other techniques to diagnose OP. The Hounsfield Unit (HU),
described by Schreiber et al*® has recently emerged as a readily available alternative measure
of bone mineral density on computed tomography (CT). In recent years, there have been a
number of clinical studies exploring the diagnostic utility of HU. A considerable portion of
the spine surgery population undergo CT imaging as routine preoperative planning to
accurately assess surgical anatomy for pedicle screw placement, providing an ideal

opportunity for OP screening!!. Moreover, in the broader healthcare context, patients



commonly undergo CT imaging for a wide spectrum of clinical indications, therefore
allowing for opportunistic screening.

As with all diagnostic tests, sensitivity and specificity are inextricably linked and are
dependent on the set threshold of the diagnostic test. At present, there is a lack of consensus
on the threshold for the HU definition of OP, with varying thresholds used throughout the
literature. The purpose of this meta-analysis is to synthesise the literature to-date to ascertain

the overall sensitivity, specificity, and diagnostic power of the HU for OP.

Materials and Methods

Eligibility Criteria

We assessed articles based on the following eligibility criteria. The inclusion criteria
included: 1) studies involving human patients/subjects 2) comparison of lumbar spine HU
measurement to DXA scores 3) for the diagnosis of osteoporosis or differentiating normal
from low BMD. Exclusion criteria were as follows: 1) articles not in the English language 2)
studies that employed HU measurements in spinal regions other than the lumbar spine
(regarding papers that include sacral levels, only data regarding lumbar levels are included)
3) studies that calculated HU measurements using imaging modalities other than

conventional CT (e.g. quantitative (Q)CT) (

Figure 1).
Literature Search

We performed a comprehensive search for eligible articles using the Medline/PubMed
database and Cochrane Collaboration to include studies up to and including 25" March 2020.

Search terms included “osteoporosis”, “Hounsfield unit”, “spine”, “computed tomography”.

Furthermore, the bibliographies of retrieved, full-text articles were screened and the “related



articles” feature in PubMed was used to identify further eligible articles. Two authors

performed the literature search.

Study Selection

Two reviewers screened titles and abstracts identified in the initial search and performed the

full text review of the identified studies.

Methodological Quality Assessment

Data quality was assessed using a standardised procedure as set out in the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-2) criterial?. The QUADAS-2 is a
tool for the systematic review of diagnostic accuracy studies and is comprised of four
domains: patient selection, index test, reference standard, and flow and timing. In brief,
patient selection refers to the methods of patient recruitment, the index and reference test
domains relate to how these tests were conducted and interpreted, and finally, flow and

timing assesses the interval between reference and index tests.

Statistical Analysis and Data Synthesis

Statistical analysis was performed according to the Cochrane guidelines for diagnostic test
accuracy (DTA) reviews®3. The purpose of diagnostic investigations is to ascertain whether or
not an individual has a particular condition or disease. Statistically, the most common
measures used to gauge the accuracy of these tests are sensitivity (the proportion of those
with the disease who have an abnormal result) and specificity (the proportion of those
without the disease who have a normal result). Diagnostic accuracy studies compare the
investigation of interest (index test) to a gold standard (reference) test. Therefore, a DTA
review aims to synthesize the results of individual studies comparing the same diagnostic
tests, in order to make sense of conflicting results, ultimately to better inform clinical

decision making. Here, the index test is the number of Hounsfield units (HU) measured on a



region of interest encompassing the lumbar vertebral body on computed tomography, with
DXA as the gold standard reference test. However, the HU is a numerical value with varying
thresholds used throughout the literature to categorise patients as normal or low BMD /
osteoporotic. In order for accurate comparison between studies, the meta-analysis of DTA
requires a common threshold to be used in all index tests. Therefore, we grouped studies in
the following categories based off common thresholds used throughout the literature: 1)
studies seeking a high specificity (where the HU cut-off was set at 110 HU) 2) studies
seeking a high sensitivity (where the HU cut-off was set at 150 HU) and 3) where studies
sought a more balanced sensitivity-specificity approach (where the HU cut-off was set at 135
HU). Where studies used marginally different cut-off values, studies were grouped into the
most appropriate category. If studies incorporated more than one cut-off, data was extracted
for each appropriate category and examined individually. One study!* separated data by
gender, with differing sensitivity and sensitivity values and was therefore, treated as two
individual studies for the purposes of analysis.

Statistical analysis was performed using R (version 3.6.3) as described by Shim et
al*®. In brief, the R packages “metaprop” and “metabin” were used for univariate analysis to
determine sensitivity, specificity, and diagnostic odds ratio (DOR). A random effects model
was chosen for the analysis. In meta-analysis, there are two statistical models to choose from:
a fixed effect and a random effects model.%® A fixed effect model is used when it is assumed
that there is one true effect size and that all differences in observed effects are due to
sampling error. This is appropriate when comparing studies performed on the same
population. The random effects model, in contrast, is used when the true effect size may
differ between studies. For example, this would be most appropriate when analysing studies
involving different populations, with different comorbidities, at different institutions i.e. there

is an assumption of inherent heterogeneity. While the difference in effect size may be small,



if there is any difference, then a random effects model is most appropriate, and it is this
model which is most commonly used in meta-analysis throughout the medical literature. The
DOR, a single predictor of overall test performance, can be applied to express the strength of
the association between test result and disease and is a common measure used in meta-
analysis'’. It is the ratio of the odds of testing positive in those with the disease to the odds of
positivity in those without the disease. The value of the DOR can range from 0 to infinity,
with a higher value indicating a better performance. A value of 1 means the test is unable to
differentiate between those with and without the disease. For example, if computed
tomography (CT) and magnetic resonated imaging (MRI) had DORs of 7 and 12,
respectively, when seeking to diagnose a particular condition, the odds of being test positive
in those with the disease would be 7 and 12 times higher, respectively, than the odds of being
test positive in those without the disease. Therefore, MRI would be the superior investigation
of choice. Bivariate analysis was performed using the “reitsma” function of “mada” to
generate summary receiving operating characteristic (SROC) curves. Coupled forest plots
were used to display the sensitivity and specificity, with their 95% confidence intervals (Cl),
for all included studies. Forest plots were generated using GraphPad Prism software (version
8.4.1). Visual inspection of individual forest plots was used to identify heterogeneity and
bias. The degree of heterogeneity was assessed using Higgins’s 12 test. The Higgins’s I? test
quantifies the total variation across studies that is due to heterogeneity rather than chance!®.
The values of 12 range between 0% and 100%, with 0% indicating no observed heterogeneity
and greater values indicating increasing heterogeneity. While thresholds for the interpretation
of the 12 are debated and should be interpreted in the context of the meta-analysis as a whole,
a suggested threshold for their interpretation is 25%, 50% and 75% as low, moderate and
high heterogeneity'®. Heterogeneity is typically lower in meta-analyses comparing discrete

interventions (e.g. pharmacological intervention versus placebo/ control), whereas



heterogeneity is to be expected in a DTA review, for example, Nieves Plana et al?°
demonstrated 52% of all DTA Cochrane reviews reported “moderate or extreme”
heterogeneity. Summary receiver operating characteristic (SROC) curves were used to
display the results of individual studies in a ROC space, each study being plotted as a single
sensitivity-false positive rate point. The SROC curve is the recommended method to
represent the performance of a diagnostic test from the data of a meta-analysis.?! The
traditional receiver operating characteristic (ROC) curve displays the performance of a
diagnostic test by indicating the relationship between true positive rate (TPR) and false
positive rate (FPR) of the test across varying thresholds. Varying the threshold will result in
changes to the TPR and FPR with the “best cut-off value” as the optimal threshold with the
highest TPR and lowest FPR. In the SROC curve of a meta-analysis, each point represents a
separate study, and each study contributes an estimate of TPR and FPR. The SROC curve,
therefore, intends to represent the relationship between TPR and FPR across the studies being
analysed with the “summary estimate” point as the pooled approximation of the overall test

performance.?!

Results

Literature Search

The search results are outlined in

Figure 1. Out of 18 potential articles screened for full-text review, 9 were eligible for meta-
analysis'*?%2°, Further details of the included studies are outlined in Table 1. Study sizes
ranged from 50 to 1,867 patients with mean ages ranging from 57.6 to 72.28 years. 4 studies
included spinal surgical patient cohorts and the remaining 5 studies included patients

undergoing CT abdomen and pelvis for other indications. As indicated in Table 1, 4 studies
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analysed one lumbar level, while 5 studies evaluated multiple lumbar levels. Of those studies
that assessed multiple levels?2-2>2":2 one study?’ reported specific values for the entire
lumbar region based on further analysis on the lumbar level HU measurement that shared the

highest correlation coefficient with respective DXA values.

Methodological Assessment

Overall, there was a low risk of bias considered in the methodological quality assessment, as

demonstrated in the QUADAS-2 summary (Figure 2).

Studies with a threshold of <110 HU (High Specificity)

6 studies incorporated a threshold designed for high specificity for the differentiation of
osteoporosis to non-osteoporosis. The pooled sensitivity was 0.652 (95% CI1 0.526 — 0.760),
specificity 0.795 (95% CI 0.711 — 0.859) and diagnostic odds ratio was 6.652 (95% CI 4.367
—10.133). Visual inspection of the forest plots indicates significant study heterogeneity,
which is confirmed with an 12 value of 85%, 81% and 51% for sensitivity, specificity and
diagnostic odds ratio, respectively (Figure 3). The summary receiver operating characteristic
(SROC) curve, with 95% confidence region is illustrated in Figure 4, demonstrating an area-

under-the-curve (AUC) of 0.787.

Studies with a threshold >150 HU (High Sensitivity)

5 studies used a threshold of 150 HU to differentiate between normal bone mineral density
(BMD) and low BMD (osteoporotic and osteopenic). The overall pooled sensitivity was
0.912 (95% CI 0.718 — 0.977), specificity was 0.67 (0.57 — 0.75) and diagnostic odds ratio

was 19.424 (5.446 — 69.275). Heterogeneity is appreciated through visual inspection of the
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forest plots, in particular for sensitivity (1> = 96%) and diagnostic odds ratio (1> = 83%). The
specificity forest plot had less apparent heterogeneity, which was confirmed with an 12 value

of 26% (Figure 5). The SROC curve, illustrated in Figure 6, had an AUC of 0.744.

Studies with a threshold of 135 HU (balanced sensitivity- specificity)

5 studies incorporated a threshold for a more balanced sensitivity-specificity approach for the
diagnosis of osteoporosis. The overall pooled sensitivity was 0.625 (95% CI 0.504 — 0.732),
specificity was 0.914 (0.823 — 0.960) and diagnostic odds ratio was 14.880 (7.521 — 29.440).
Heterogeneity is appreciable on the forest plots and confirmed with 12 values of 84%, 84%
and 63% for sensitivity, specificity and DOR, respectively (Figure 7). The SROC curve, with
95% confidence region is illustrated in Figure 8, demonstrating an area-under-the-curve

(AUC) of 0.831.

Discussion

In this systematic review, the diagnostic utility of HU for the diagnosis and screening of OP
was examined. By employing statistical methods designed specifically for diagnostic meta-
analysis, the available evidence surrounding the use of the HU was quantitatively
synthesised. Overall, we found that the HU provides clinically useful information regarding
BMD determination (Table 2). For accurate diagnostic test meta-analysis, the threshold
between studies must be uniform. Unfortunately, it is not possible to determine pooled
thresholds to maximise sensitivity and specificity. Therefore, we divided the evidence into
three categories, based on the diagnostic goal of the set threshold; high specificity, high
sensitivity, and balanced sensitivity/ specificity. From the methodological assessment, there
was, overall, a low risk of bias appreciated by the reviewers. The concerns for potential bias

included potential selection bias based on the presence of a recent DXA examination as an
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inclusion criterion and where the HU measurement was taken from contrast-enhanced
imaging examinations, such as a CT abdomen and pelvis. It is unclear what effect, if any, this
bias may have on the results of this study. There were no concerns of bias in regard to the
reference DXA test or the flow and timing of the tests.

The group with a threshold cut-off of 110 HU, designed for a higher specificity test,
had a pooled sensitivity of 0.652, specificity of 0.795 and DOR of 6.562. Interestingly, the
group with a threshold setting of 135 HU had a higher pooled specificity value of 0.914, and
DOR of 14.880 with a comparable sensitivity value of 0.625. While significant heterogeneity
exists within both study groups, both thresholds provide a clinically useful specificity. A
threshold cut-off of 150 HU yielded a pooled sensitivity of 0.912, superior to the thresholds
of 110 HU (0.652) and 135HU (0.625). Therefore, one might consider a threshold of 150 HU
a clinically effective screening test for osteoporosis.

Considerable work has been published since Schreiber et al'® described the use of the
HU as a diagnostic tool for osteoporosis in 2011. However, this is the first meta-analysis on
this topic to date. One of the limitations prohibiting the advancement of this technique is the
heterogeneity of thresholds used throughout the literature. This heterogeneity is partly due to
the differing diagnostic utility of the test (screening and diagnosing). A systematic review by
Zaidi et al®® in 2018 proposed similar cut-offs to the thresholds used in this analysis: 110 HU
for high specificity, 160 HU for high sensitivity and 135 HU for balanced sensitivity-
specificity. Wagner et al®! utilised this technique to determine that a considerable number of
patients undergoing transforaminal lumbar interbody fusion (TLIF) suffered from
undiagnosed osteoporosis and low BMD. A cut-off of 150HU was used to determine normal
from low BMD, and a cut-off below 112.4 HU was used to diagnose frank OP versus
osteopenia. In this analysis, we determined a cut-off of 150 HU as the most appropriate for a

high sensitivity diagnostic approach.
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The principle advantage of using the HU for the orthopaedic surgeon is the timely
preoperative identification of a patient suffering from low BMD. It is a quick, easy to use and
readily available technique with numerous studies reporting excellent inter-observer
variability!®14253233 The preoperative identification of osteoporosis facilitates the medical
optimisation of patients perioperatively, such as calcium and vitamin D supplementation and
treatment with bisphosphonates or recombinant parathyroid hormone (rPTH)*. Surgical
strategies employed when instrumenting an osteoporotic spine include use of longer
constructs and avoiding starting or ending a construct at junctional levels to prevent
segmental or junctional failure. One might consider at least 3 fixation points above and below
any spinal deformity. Furthermore, when using a long fusion construct, one might consider
fixation to the pelvis to maximize construct stability. Anterior column support should be
considered to increase load-sharing and minimise the strain on a construct. Pedicle screws
can be undertapped to increase insertional torque and pull-out strength. There may also be a
role for hydroxyapatite (HA)-coated screws or fenestrated/cement augmented screws to
minimise the risk of mechanical failure®.

Another consideration when using this technique relates to the vertebra of interest
measured. Mean HU values differ significantly throughout the skeleton, such as the ulna®®,
carpal bones®’, femoral head®?, femoral neck®, talus®® and facial bones®2. In the seminal work
by Schreiber, mean HU values between the L1-L4 vertebrae were not significantly
different®®. Pickhardt et al?®, in the largest series to date on this subject, identified a trend
towards differing mean attenuation values between various lumbar vertebrae, with the lowest
attenuation at L3. However, this difference between vertebrae was not significant. Berger-
Groch et al. demonstrated differing HU values to differentiate between normal and low BMD
in the L4, L5 and S1 vertebrae??. Therefore, we recommend HU measurements to be taken

between the L1-4 vertebrae.
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Moreover, utilising HU in special populations, such as ankylosing spondylitis (AS),
degenerative disease, and scoliosis may provide more accurate measurements of BMD than
DXA. AS is a common skeletal inflammatory condition frequently affecting the spine,
resulting in both new bone formation and an overall reduction in bone quality®®, which can
impair the reliability of DXA. Artefactual elevations in calcium content are seen in certain
inflammatory conditions of the spine. This does not represent true BMD and can cause
falsely elevated readings on DXA which may ultimately go unappreciated by the operator,
leading to inaccurate interpretation of certain patients’ true BMD*°. Emohare et al*
demonstrated the utilisation of this technique in a series of 17 patients with AS to good effect.
Pappou et al*! described the positive correlation between falsely elevated BMD scores on
lumbar DXA and increasing curve angle in degenerative lumbar scoliosis.

This study has a number of limitations. Firstly, there is a relatively small number of
included studies, especially when divided for subgroup analysis, that are predominantly
retrospective in nature. Due to this limitation, a sensitivity and heterogeneity analysis was not
performed. However, visual examination of the generated forest plots can determine which
studies contributed to increased heterogeneity. Secondly, as described above, some studies
used marginally different threshold values for each subgroup, we grouped studies into their
most appropriate subgroup with the assumption that these differences result in negligible
changes in BMD. 5 of the included studies used data generated from CT abdomen and pelvis
obtained for other indications, and likely used intravenous contrast. It is not currently known
what effect, if any, intravenous contrast has on spinal HU measurement. Thirdly, further
analysis regarding variability in HU measurements due to different tube voltages of specific
imaging systems was not possible as it was not consistently listed throughout studies. This is

worth noting for further studies as variation in tube voltages has been shown to impact HU
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measurements*2. There were no funding disclosures or biases which would have influenced
the conception, design or interpretation of the study presented herein.

In conclusion, the HU is a clinically useful tool to aide in the diagnosis of
osteoporosis. However, the heterogeneity seen in this study warrants caution in the
interpretation of results. We have demonstrated the impact of differing HU threshold values
on the diagnostic ability of this test. We would propose a threshold of 135 HU to diagnose

OP. Future work would investigate the optimal HU cut-off to differentiate normal from low

BMD.
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Figure Legend

Figure 1 Flowchart of studies included for meta-analysis

Figure 2 A) QUADAS-2 summary figure and B) study specific breakdown of the QUADAS-
2 evaluation tool. Study grading was based on the study reviewers’ judgement.

Figure 3 Forest plots of sensitivity, specificity and diagnostic odds ratio for studies with a
110 HU cut-off for the diagnosis of osteoporosis.

Figure 4 Summary receiver operating characteristic (SROC) curve for studies with a 110 HU
cut-off for the diagnosis of osteoporosis.

Figure 5 Forest plots of sensitivity, specificity and diagnostic odds ratio for studies with a
150 HU cut-off for the diagnosis of normal versus low bone mineral density.

Figure 6 Summary receiver operating characteristic (SROC) curve for studies with a 150 HU
cut-off for the diagnosis of normal versus low bone mineral density

Figure 7 Forest plots of sensitivity, specificity and diagnostic odds ratio for studies with a
135 HU cut-off for the diagnosis of osteoporosis

Figure 8 Summary receiver operating characteristic (SROC) curve for studies with a 135 HU

cut-off for the diagnosis of osteoporosis
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Sensitivity: Events

Random Effects Model
Yan-Lin 2018 g7
Kim (f) 2016 gq
Kim (m) 2016 47
Cansu 2019 44
Buckens 2016 185

Heterogeneity /' = 96%
Specificity: Events

Random Effects Model

Yan-Lin 2018 45
Kim () 2016 31

Kim (m) 2016 19

Cansu2019 24
Buckens 2015 24

Heterogeneity

Diagnostic Odds Ratio:
Radom Effects Model
Yan-Lin 2018
Kim (f) 2016
Kim (m) 2016
Cansu 2019
Buckens 2015

Heterogeneity

24

Total
576
88
104
49
82
253
04 06 08 1.0
=2.2475 p<0.01
Total
171 HH
-
20
—.
50
——
29
-
29
—a—
43
—T
00 02 04 08 08 10
P=26% v =0.0439 p=0.17
Experimental Control
Events Total Events Total
530 217
87 92 1 16
99 118 5 36
47 57 2 21
44 49 38 62
195 214 58 82
2=83% ¥=16426 p<0.01

Praportion 95% CI
0912 [0.718; 0.977]
0.089 0.938; 1.000]
0.952 [0.891; 0.984]
0.959 [0.860; 0.995]
0.537 [0.423; 0.647]
0771 [0.714; 0.821]

Proportion 95% CI
067 [0.57; 0.75]
075 [0.51;0.91]
062 [047; 0.75]
066 [0.46; 0.82]
083 [0.64; 0.94]
056 [0.40; 0.71])
-

——
.
[ SF—
-
-
110 100 1000 10000

OR
19.424
261.00
32.305
44.650

5.558
4.247

95% C1
[5.446; 69.275)
[28.465; 2393.167]
[11.142; 93.667]
[8.934; 223.146)
[1.932; 15.990]
[2.174; 8.295)



Figure 6
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Figure 7
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Table 1 Characteristics of eligible studies

Study No. of Patient Mean Age Lumbar Hounsfield
Patients | Population (yr.) Vertebrae Unit Cut-off
Measured
Berger-Groch 50 Spinal surgical 72.28 (range L4, L5, S1 Normal bone:
2020%@ patients 31-89) L4 > 161 HU,
L5 > 157 HU,
S1207 HU
Osteoporaotic
bone: L4 < 62
HU, L5 < 58
HU, S1<68
HU
Buckens 20152 (@.b) 302  Consecutive 61 (OP),57 L1 Validation of
patients (Non-OP) 160 HU, 110
undergoing CT HU, 80 HU as
chest/abdomen thresholds
with a recent DXA
Kim 20168 ®.©) 232 Consecutive M=659+/- L1 Male:
patients with CT 8.5,F=64.1 136.2 HU =
and recent DXA +/-9.9 95%
examination sensitivity,
77.6%
specificity and
165.7 HU =
82.5%
sensitivity and
90.5%
specificity
Female:
1379 HU =
96%
sensitivity,
64.4%
specificity and
151 HU =
83.9%
sensitivity and
86.1%
specificity.
Yan-Lin 2018% ®:9 109  Chinese patients 66.8 (range  L1-L5 diagnosis of
undergoing CT 11-91) OP <136 HU
abdomen pelvis and exclusion >
for other 175 HU)
indications, with
recent DEXA
Kyung Joon Kim 331 Spinal surgery NR L1-L3 OP<95<
2019%2 @ patients normal

undergoing QCT,
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lumbar CT and
DEXA

Pickhardt 2013% © 1867  Patients 59.2 (+/- L1 135 HU 90%
undergoing 12.5) sensitive, 190
abdominal CT and HU 90%
recent DXA specific

Cansu 2020% @ 5.9) 111  Consecutive 57.6 (16 — L1-L4 High
patients witha CT ~ 87) sensitivity : <
abdomen pelvis 170 (sensitivity
and recent DXA 88.9%,

specificity
25.3%)

High
specificity: <
102 (sensitivity
66.7%,
specificity
89.1%)
Balanced: <121
(sensitivity
77.8%,
specificity
68.9%)

Da Zou 2018% @ 152 Lumbar spinal 58.5+/-6.4 L1-L4 L1: 110 HU,
surgery patients L2 : 100 HU,
with recent DXA L3 : 85 HU,

L4: 80 HU

Da Zou 2020 %7 @ 479 Patients over 50 61.8+/-6.8 L1 L1<110HU
with lumbar
degenerative
disease

a, b, c denote studies included in a) high specificity (cut-off 110 HU) group b) high sensitivity (cut-off
150 HU) group and c) balanced cut-off (cut-off 136 HU). OP; osteoporosis.
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Table 2

Table 1 Summary of Findings Table

General Information

General Issue

What is the diagnostic performance of computed tomography (CT)
derived Hounsfield Unit (HU) in diagnosing osteoporosis (OP)

Specific Questions

What is the diagnostic
performance in distinguishing OP
from non-OP?

OP versus osteopenia/normal
BMD

What is the diagnostic
performance in distinguishing
normal BMD from low BMD?

Normal BMD versus
osteopenia/OP

What is the diagnostic
performance when using a
balanced threshold to distinguish
OP from non-OP?

OP versus osteopenia/normal
BMD

Patients

Patients with lumbar spine CT and DXA

Index tests

CT derived Hounsfield Unit (HU)

Reference Standard

DXA

Quality concerns

Overall Judgement

Low risk

Patient Selection bias

8 studies with some concerns due
to retrospective nature of studies

Index test interpretation bias

4 studies with some concerns due
to use of contrast enhanced CT

Reference test interpretation bias

Low risk

Flow and timing selection bias

Low risk

Studies which diagnosed osteoporosis at <111 HU

Studies

6 (1,425 patients)

Summary results

Sensitivity 0.652 (95% CI: 0.526 — 0.76) Specificity 0.80 (95% CI: 0.71

~0.86)

Consequences

In a hypothetical cohort of 1,000
patients (prevalence 40%)

Correctly Classified: 741

Underdiagnosed: 139

Over-diagnosed: 120

Studies which diagnosed low BMD at <111 HU

Studies

4 (754 patients)

Summary Results

Sensitivity 0.912 (95% CI: 0.718 — 0.977) Specificity 0.67 (95% CI:

0.57 - 0.75)

Consequences

In a hypothetical cohort of 1,000
patients (prevalence 40%)

Correctly Classified: 767

Underdiagnosed: 35

Over-diagnosed: 198

Studies which diagnosed osteoporosis as <135 HU

Studies

4 (2,319 patients)

Summary Results

Sensitivity 0.625 (95% CI: 0.504 — 0.732) Specificity 0.914 (95% CI:

0.823 — 0.960)

Consequences

In a hypothetical cohort of 1,000
patients (prevalence 40%)

Correctly Classified: 798

Underdiagnosed: 150

Over-diagnosed: 52
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