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Abstract

Background: This retrospective study aimed to investigate a correlation between computed tomography (CT)
imaging obtained opportunistically during screening for lumbar spine fractures and dual-energy x-ray absorptiometry
(DEXA) scans.

Methods: A total of 159 patients over a 5-year study period who had undergone CT scan to investigate for a
lumbar spine fracture and a DEXA scan within 12-months of each other were included in the study. Measurements
of the region of interest (ROI) through the first 4 lumbar vertebrae were performed to establish Hounsfield unit (HU)
values. Measurements for each level were made at three separate locations: mid-vertebral body, and just above and
below the inferior and superior endplates, respectively. The HU values were correlated with T-scores obtained from
DEXA scans and were further analyzed according to age and gender.

Results: There was a statistically significant correlation between HU values with T-score. Using the Pearson
correlation coefficients, a moderate correlation of HU value to hip DEXA for T-score. There was a moderate-strong
correlation between DEXA lumbar spine with mid-vertebral body HU, with L3 having the strongest correlation
(r>=0.7269). The normal group had a mean HU value of 139.3 (95% CI 119-159.2), the osteopenic group had a mean
of 105.9 (95% CI 90.4—123.4), and the osteoporotic group had a mean of 72.4 (95% CI| 60.1-81.7).

Conclusion: This current study demonstrated that opportunistic CT imaging can be utilized to infer bone quality
and provide information about the presence of osteoporosis and subsequently fracture risk without the need for

additional imaging, radiation exposure, cost, or patient time.
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Introduction

Osteoporosis is a growing public health concern, especially with an
ageing population as the proportion of patients over the age of 65 years
continues to rise. The annual incidence in Australia is approaching a
million people (3.8%) and is estimated to rise to 1.5 million by 2022
[1]. Osteoporosis is characterized by an age-related reduction in
bone strength that predisposes affected individuals to low-energy
fragility fractures. These can result in chronic pain, disability and loss
of independence, which are associated with substantial health care
costs approaching $1 billion (Australian dollars) annually [1]. Despite
this burden, osteoporosis remains substantially underdiagnosed and
subsequently undertreated. Nearly one-half of women indicated for
screening do not undergo testing, and certain high-risk populations
have screening rates less than 10% [2,3]. Therefore, safe and cost-
effective methods to increase detection of this condition are needed.

Dual-energy x-ray absorptiometry (DEXA) of the hips and lumbar
spine has traditionally been the gold standard for quantifying bone
mineral density (BMD) and remains the diagnostic tool preferred by
the International Society for Clinical Densitometry (ISCD) [4]. Whilst
DEXA has been correlated with fracture risk and treatment efficacy [4],
variability in body composition can lead to errors of up to 20% [5,6].
Furthermore, DEXA cannot be used in patients with spinal deformities
such as scoliosis and degenerative changes as osteophytes artificially
elevate DEXA results [7]. These deficiencies and the low rates of DEXA
screening, make utilizing readily available patient data to infer bone
quality an appealing and convenient solution.

Measuring BMD by using quantitative computed tomography (CT)
was first described by Genant and Boyd in the 1970’s [8]. However,
despite its early inception and accuracy, quantitative CT was confined
to research purposes due to the high doses of ionizing radiation and

relatively long scanning times required [9]. The widespread availability
and use of CT for other indications and advancements in CT technology
[10] have led to resurgence in the idea of opportunistic CT imaging for
osteoporosis screening. Recent studies have suggested that the use of
Hounsfield units (HUs) from CT scanning may be a useful surrogate
marker for estimating BMD of the spine [11-14].

The purpose of this study was to determine if there is a correlation
between DEXA-based bone density assessment and diagnostic CT that
was opportunistically obtained during investigations for lumbar spine
fractures. Currently there is a paucity of evidence on opportunistic
CT that limits its broader applicability and use. We hypothesized that
opportunistic CT scans can be a reliable method to screen for patients
with bone mineral disease and subsequently evaluate their risks of
fractures.

Materials and Methods
Patients

Using our hospital’s electronic database and the orthopaedic unit
audit, we identified all patients who had undergone a CT lumbar spine
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at our level 1 trauma centre between 1 January 2012 and 1 January
2017. The Alfred hospital’s human research ethics committee provided
ethical approval for the study.

Our inclusion criteria were patients over 30 years old with CT
lumbar Spine and DEXA scan within 12 months of each other. Patients
were excluded from the study if they had lumbar spine instrumentation,
previous vertebroplasty or spinal fusion, invalid DEXA scan results
due to degeneration, fracture, or deformity, or incomplete DEXA.
159 patients from around 2000 patients reviewed, were enrolled in
the study. Of these 66 were men and 95 women with a mean age of
65.7 years (32 to 91). 24 of these patients had lumbar spine fractures
detected on CT scan.

T-scores for the first 4 lumbar vertebrae and hips were retrieved
from DEXA scans that had previously been performed. A 0.5 cm
multislice CT scanner (Aquilion Precision; Canon, USA) was utilized
for all patients. Using standard picture archiving and communication
system (PACS) software, measurements of an elliptical region of interest
(ROI) through the first 4 lumbar vertebrae was performed to establish
Hounsfield unit (HU) values. The HU measurement for each vertebra
was obtained by using a protocol described by Schreiber et al. (12).
Measurements for each level were made at three separate locations:
mid-vertebral body, and just above and below the inferior and superior
endplates, respectively (Figure 1). Hounsfield unit measurements were
obtained by two blinded independent observers including a radiologist
and an orthopaedic surgeon and the average was taken.

Statistical analysis

One-way analysis of variance (ANOVA) was used to measure the
differences in HU values between age groups and gender. T-tests were
used for post hoc analysis with a p-value <0.05 considered statistically
significant. Pearson correlation coefficients were used to determine
connections between HU value and DEXA T-scores.

Results

A significant correlation was observed between age and HU
(p<0.05) when the 159 patients were analyzed according to decade of
life. A steady decline in HU values with increasing age was also noted,
ranging from a mean of 151.4 HU in the 3rd decade of life to 91.2
HU in the 9th decade of life (Figure 2). A Subgroup analysis was also
performed between mean HU and gender. The mean HU in females
ranged from 160 in young adults to less than 84 in those in their
nineties, with a predictable decline in HU at the time of menopause.
The male data showed a more gradual decrease in HU with age, ranging
from 165.3 in young adults to just under 100 in those in their eighties.

The T-scores of both hip and lumbar spine were obtained for the
159 patients who underwent DEXA scans within one year of their CT
imaging. T-scores ranged from -4.1 to+2.5 (mean -1.1 +/- 0.89) for the
lumbar spine and -4.4 to +1.5 (-1.3 +/- 1.17) for the hip. Each vertebral
level was analyzed separately. Using the Pearson correlation coefficients,
amoderate correlation of HU value to hip DEXA for T-score (Table 1).
There was a moderate-strong correlation between DEXA lumbar spine
with mid-vertebral body HU, with L3 having the strongest correlation
(r’=0.7269). All obtained correlations were significant (p<0.001).

Based on the World Health Organization’s guideline [15], the
159 patients’ lumbar vertebrae and hip T-scores were stratified into
three groups : normal (-1.0 or greater), osteopaenic (less than -1.0 and
greater than -2.5), and osteoporotic (-2.5 or less) (Figure 2). The mean
HU values were 139.3 (95% CI 119-159.2) for the normal group, 105.9
(95% CI 90.4-123.4) for the osteopenia group, and 72.4 (95% CI 60.1-
81.7) for the osteoporotic group (Figure 3). The differences in mean
HU values between groups were all significant (p<0.001).

In the 24 patients with lumbar spine fractures HU measurements
at the fractured vertebral body were significantly lower in the fracture
group compared with matched control (90.6 vs 121.3; p=0.007).
Comparing Global HU measurements between the fracture and
no fracture groups throughout the lumbar spine demonstrated
significantly lower HU measurements in the fracture group (106.7 vs
125.29; p < 0.05). When reviewing the DEXA scores of these patients
that had fractures, the mean DEXA T-scores were between the normal
and osteopaenic range.

Discussion

This current study demonstrated that opportunistic CT imaging
can be utilized to infer bone quality and provide information about the
presence of osteoporosis and subsequently fracture risk. Furthermore,
this can be done at no additional cost or radiation exposure and with
minimal effort. The method that we used requires a negligible amount
of training and time, and can be performed either prospectively by
the interpreting radiologist or retrospectively by a radiologist or non-
radiology trained clinician with comparable accuracy.

DEXA based T-scores, defined by the number of standard
deviations below the mean peak bone mass of a young and healthy
adult, have been the gold standard for quantifying BMD. However,
osteoporosis screening with DEXA remains underutilized potentially
resulting in fragility fractures, which lead to chronic pain and disability
and cost the healthcare system considerable amounts of money to
treat. Therefore, in recent times there has been a growing interest in the
opportunistic use of CT imaging to screen for osteoporosis.

Figure 1: Computed tomography (CT) scans of lumbar vertebra L3 illustrating the method of determining Hounsfield unit (HU) values by using a picture
archiving and communication system (PACS). From a reconstructed sagittal image, we select three axial planes of interest: slice (A) is taken just inferior
to the superior endplate, slice (B) is from the middle of the vertebral body, and slice (C) is taken just superior to the inferior endplate. The PACS program
automatically calculates the mean HU value of the regions of interest which are marked with ellipses in the figure. The average of HU values from three
axial cuts, which is 89 HU in this case, was used for the analysis.
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Figure 2: Normative data of HU values in females (A), males (B), and overall (C) stratified by decade of life.
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Lee and co-authors in a study 128 females undergoing lumbar CT
for back pain found a significant positive correlations (p<0.001) of HU
value with bone mineral density and T-scores [9]. They demonstrated
that subjects with a normal bone density had a mean lumbar HU value
of 120.8, those with osteopenia had a mean lumbar HU value of 78.8,
and those with osteoporosis had a mean lumbar HU value of 54.7.
Another study by Schreiber co-authors of 80 consecutive presenting
trauma patients also found a good correlation between lumbar HU
value to DEXA for both BMD and T-score [16]. In this case they
established the threshold for diagnosing osteoporosis based on lumbar
spine HU measurements to be 78.5 (+/- 32.4). In another study utilizing
abdominal CT scans performed for variation indications, Pickhardt co-
authors found that an L1 HU threshold of 110 HU was more than 90%
specific for distinguishing osteoporosis, while positive predictive values
for osteoporosis were 68% or greater at thresholds less than 100 HU
[17]. Our present study also found HU values obtained from CT scans
to be significantly correlated to T-score. Our results were comparable
to the above studies with the normal and osteopaenic groups having
mean HU values greater than 100, whilst the osteoporotic group had a
mean of 72.4 HU.

Identifying persons with very low BMD by CT (for example, <100
HU) might allow for rapid identification of high-risk cohorts in whom
further evaluation or treatment is warranted. Conversely, patients with
>150 HU on CT may be considered to have a normal BMD, effectively
ruling out osteoporosis, making further investigation with a DEXA

Vertebral level = DXA Hip vs. HU mid vB ~ DXA Spine vs. HU
mid VB
L1 0.5849 0.6723
L2 0.5037 0.5888
L3 0.6349 0.7269
L4 0.6862 0.6425

Table 1: Pearson correlations between DXA of hip and spine versus Hounsfield
unit (HU) at the mid vertebral body (VB) level of lumbar spines 1-4.

scan unnecessary. Whilst CT scanning at this stage should not be used
for primary screening purposes or as a substitute for DEXA, when the
data is already available it can be useful to identify at-risk patients. In
the setting of trauma, this information can provide insight into injury
aetiology and offer the treating surgeon immediate knowledge of the
bone quality. This may not only affect the surgical decision making,
but enable the surgeon to initiate treatment or to refer the patient for
appropriate further management.

In degenerative spine disease and cases of deformity requiring
instrumentation, the ability to identify the presence of osteoporosis
is critical as its presence will affect the capacity to achieve stability.
It is known that the presence of spondylophytes, one component of
degenerative spine disease, impairs DEXA-BMD measurements in the
spine [18-20]. In these patients BMD is systematically overestimated
and DEXA scans are unreliable. In these cases CT imaging, which will
already be obtained for preoperative planning, could be utilized to
establish the presence of osteoporosis. CT has the added advantage of
being able to accurately identify unsuspected osteoporotic compression
fractures, which are diagnostic of osteoporosis regardless of the patient’s
DEXA T-score [21]. Several studies including our current study have
shown normal and osteopaenic DEXA T-scores to be prevalent among
patients with vertebral fractures [17,22]. Again this finding highlights
the limitations of DEXA, particularly in terms of BMD overestimation
related to degenerative changes [21,23].

This study has a number of limitations. Firstly, the data of our
study came from one CT scanner and variability among different
machines may limit the broad applicability of this technique. Despite
this, our HU thresholds were comparable to previous studies. Another
limitation is the maximum one year interval between CT and DEXA
may have influenced the results. However, this seems unlikely unless
the patients were undergoing osteoporosis treatment at the time. This
study is also limited by its retrospective nature and the possibility that
bias occurred. Despite this potential drawback, its impact was nullified
as all the data was obtained by two independent, blinded clinicians.

osteoporosis. Error bars depict 95% CI.
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Figure 3: Mean HU values (+ SD) in the lumbar spine representative of normal bone, osteopenia, and
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Conclusion

In conclusion, this is the largest single study to date demonstrating

that opportunistic lumbar spine CT scans can be used for osteoporosis
screening without the need for additional imaging, radiation exposure,
cost, or patient time. Furthermore, this information can be invaluable
information for the surgeon preoperatively and enables appropriate
treatments and referrals to be made. Further research is required
with standardized methods and thresholds for this potentially highly
impactful technique to be broadly applied.
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