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Abstract

Background: Accurate diagnosis of osteoporosis relies on precise measurement of bone mass and
assessment of bone micro-architecture. However, the application of Bone Mineral Density (BMD) as the
sole criterion of osteoporosis may not reflect all fractions of the bones. In this study, we retrospectively
analysed the association between the mean CT value of different bone fractions and ages, and discussed
the quantitative diagnosis of osteoporosis.
Methods: The thin-slice Computed Tomography (CT) scans of the lumbar vertebrae of 862 patients
were retrospectively reviewed. The patients were divided into the Pathological Fracture (PF) group
(n=107) and the Non-Pathological Fracture (NPF) group (n=755). The NPF group was further divided
into 7 subgroups with a 10-year-increment. The vertebral bodies were divided into the overall vertebral
bodies (Min-Max HU), the cancellous bone (Min-661HU) and the compact bone (662-Max HU) to
investigate their mean CT values. The correlation between these parameters and age were analysed. The
parameters of the PF group and the NPF subgroups were compared using the ANOVA analysis.
Results: The mean CT values of the overall vertebral bodies (R2, 0.76-0.79) and the cancellous bone (R2,
0.84-0.85) were negatively correlated with patient’s age, while that of the compact bone was only
0.25-0.36. There were significant differences in the mean CT values between PF group and the NPF
subgroups (P<0.05).
Conclusion: The mean CT value of the cancellous bone, which reflect the true bone density, correlate
well with the age, and might be promising candidates in the quantitative and differential diagnosis of
osteoporosis and the bone fracture risk assessment.
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Introduction
Osteoporosis is characterized by loss of bone mass,
deterioration of bone micro architecture, decreased bone
strength and the consequent increased risk of pathological
fractures [1]. Globally, the increased incidence of osteoporosis
is largely attributes to the increased proportion of aging
population [2-4]. The treatment of osteoporosis and the
associated pathological fractures impose a significant cost.
Early diagnosis and timely treatment of osteoporosis can help
improve the prognosis. The Bone Mineral Density (BMD)
measured with a dual energy X-ray absorptiometry (DXA) is

the gold standard for diagnosing and evaluating the efficacy of
osteoporosis treatment [5-11]. However, the application of
BMD as the sole criterion for diagnosis of osteoporosis has
often been questioned [12-14]. Various factors such as
hyperosteogeny, body shape, and the position of the patient
during detection may affect the BMD evaluation. Moreover, its
interpretation is also subject to considerable inter-observer
variability depending on the experience of the evaluator.

QCT can quantitatively examine the BMD by using the
phantom. However, the selection of the highly homogeneous
areas of interest is a challenging task [15] that requires
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considerable time and effort in partitioning the images [16].
The final evaluation of QCT remains centered solely on the
BMD.

The mean CT values obtained by common CT scanners have
been used to quantify the BMD of any selected area of interest
[17]. The CT value was determined by the true bone density
but not the BMD. In terms of the diagnosis of osteoporosis, is
it necessary to use the switched BMD parameter? In the
present study, we aimed to evaluate the mean CT value of the
lumbar vertebrae using CT images and to establish a
convenient method for the diagnosis of osteoporosis.

Materials and Methods

Patients
Thin slice CT radiographs of the lumbar vertebrae of 862
patients treated from April 2012 to August 2015 at our hospital
were retrospectively reviewed. The scanning parameters were
120 kv, 264 mA, and pitch 0.625 mm (Light Speed, GE
Medical Systems, USA).

The patients were divided into two group: the Pathological
Fracture (PF) group (n=107) and the Non-Pathological
Fracture (NPF) group (n=755). The NPF group included 300
males and 455 females with a mean age of 46.9 y (range, 14-92
y). The NPF group was categorized into subgroups according
to their age, i.e., <21 y, 21-30 y, 31-40 y, 41-50 y, 51-60 y,
61-70 y, and >70 y. The PF group included 35 males and 72
females with a mean age of 62 y (range 42-88 y). Patients with
traumatic fractures were excluded from this study. A total of
2435 vertebrae (L3-L5) in patients without pathological
fractures and 342 vertebrae in those with pathological fractures
came within the purview of our analysis.

The edition of CT images
The CT images of the lumbar vertebrae were transferred into
the workstation (Dell T7500) for three-dimensional
reconstruction using the Mimics 14.0 software (Materialise,
Belgium). Mask A was obtained after setting mimics with
threshold value of 148-maximum HU with region growing,
morphology operation, number of pixels of 3, operation at
close and 8-connectivity. Mask B was then obtained by
applying calculate polylines and cavity fill from polylines.
Mask C was obtained through boolean operation (Mask
C=Mask B-Mask A). Mask D was the ideal mask with perfect
cavity filling without wrong selection. Mask E was the 3D
image segmentation in 3D edit windows by the method of edit
mask in 3D. Edit mask in 3D could be used as a powerful tool
for the quick segmentation of lumbar vertebra. The final result
of the 3D edition was obtains anterior vertebral body and
posterior structure, respectively (Figure 1). All CT values in
the vertebral body were completely selected by the above
operations.

Figure 1. The edition of the CT images of the lumbar vertebrae. (A)
Morphology operations. (B) Cavity fills from polylines. (C) Boolean
operation. (D) Effect of cavity fills. (E) 3D segmentation of lumbar
mask. (F) The results of 3D editing.

Diagnosis criteria of osteoporosis
The diagnosis criteria of osteoporosis were according to the
International Society for Clinical Densitometry (ISCD) in 2007
and American College of Radiology (ACR) in 2013.

Normal: Absolute value of bone mineral density ≥ 120 mg/
cm3;

Bone loss: 80 ≤ Absolute value of bone mineral density<120
mg/cm3;

Osteoporosis: Absolute value of bone mineral density<80
mg/cm3.

Data analysis
The CT data was exported from the 3D images as text files.
The CT values were automatically divided into 3 different
components using macro command of Excel 2010: (1) overall
vertebral body including values of all pixels of overall
vertebral body (Min-Max HU); (2) cancellous bone
(Min-661HU); (2) compact bone (662-Max HU). The macro
command was also able to automatically calculate the average
value of these 3 components, that is, the mean CT value.

Statistical analysis
SPSS 19.0 software was used for all analyses. Statistical
significance was defined as p<0.05. (1) Correlation and
regression analysis: the relationship between the mean CT
value (overall vertebral body, cancellous bone and compact
bone) and age; (2) ANOVA test: the CT parameters of the PF
group and the NPF subgroups were compared using the
ANOVA test.
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Results

Correlation and regression analyses
(1) The mean HU value of the overall vertebral bodies in the
NPF group showed a negative correlation with age (Figure 2).

The R2 was 0.7854 in L3, 0.7553 in L4 and 0.7777 in L5,
respectively. (2) The mean HU value of the cancellous bone in
the NPF group showed a negative correlation with age (Figure
3). The R2 was 0.8548 in L3, 0.8353 in L4 and 0.8458 in L5,
respectively. (3) No significant correlation was observed in
case of compact bone (Figure 4).

Table 1. One-way ANOVA of HU values in the PF group and the age-subgroups of the NPF group (mean ± standard deviation).

 PF group NPF group

<21 y 21-30 y 31-40 y 41-50 y 51-60 y 61-70 y >70 y

Cancellous bone 132.16 ± 22.41 302.04 ± 31.61 297.44 ± 41.3 291.5 ± 41.48 275.55 ± 41.14 239.36 ± 38.46 217.25 ± 44.41 205.82 ± 43.66

Overall vertebral body 168.22 ± 37.05 316.23 ± 38.42 320.77 ± 47.95 320.15 ± 51.37 305.78 ± 53.96 264.5 ± 50.55 241.6 ± 60.02 227.65 ± 55.15

ANOVA: Analysis of variance; HU: Hounsfield Unit.

Figure 2. Relationship between the mean HU value of overall
vertebral bodies and age.

Figure 3. Relationship of the cancellous bone with age.

Figure 4. Relationship of compact bone with age.

One-way ANOVA
The mean and standard deviation of the PF group and that of
the age-subgroups of the NPF group are listed in Table 1.
Significant differences were found in the mean CT values of
the overall vertebral body and cancellous bone between the PF
group and the age-subgroups of the NPF group (all P=0).

Discussion
In this paper, we discussed the feasibility for the diagnosis of
osteoporosis by using the parameter of mean value of CT
obtained from the thin-slice CT scan. This study focused on 3
key issues: (1) whether the CT value of bone had a good
correlation with age; (2) whether the CT value of the definite
osteoporosis patients who suffered from the pathological
fracture had a significant difference while comparing with the
other cases; (3) by what method a diagnostic index with a good
quality control could be harvested. The CT value of bone is
determined by its true bone density basically, therefore, in this
sense this paper aims to investigate whether the true bone
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density value can be used for the quantitative diagnosis of
osteoporosis.

Our study showed that the mean HU value of the overall
vertebral bodies and that of the cancellous bone were
negatively correlated with age. However, the R2 of the
cancellous bone with age (0.8353, 0.8458 and 0.8548) was
better than that of the overall vertebral bodies (0.7553, 0.7777
and 0.7854). Obviously, the mean HU value of the cancellous
bone was more easily used to the relevance with age than that
of the overall vertebral bodies, in other words, the former had a
better diagnostic value than the latter. No significant
correlation was observed in case of compact bone with age.

Our study also showed that there were significant differences
in the mean CT values between PF group and the NPF
subgroups whether in the overall vertebral bodies group or the
cancellous bone (all p<0.05). These results revealed that the
parameter of the mean CT value might be promising
candidates for the quantitative and differential diagnosis of
osteoporosis. Table 1 showed that the PF group was significant
lower than the NPF subgroups. This revealed that the
parameter of the mean CT value could be used as an effective
tool for the bone fracture risk assessment.

The mean HU value of the vertebral body appeared to decrease
with an increase in age. This may be due to the loss of bone
mass associated with ageing. Compared with the correlation
between the cancellous bone and age, the correlation was less
significant between the mean HU value of the overall vertebral
bodies and age, this discrepancy could be caused by
hyperosteogeny. In addition, with age increasing, there are two
accompanying processes including bone hyperplasia and bone
mass loss. For the reason that the bone hyperplasia does not
affect the loss of cancellous bone, the CT value of cancellous
bone has a better correlation with age. The cancellous bone is
the predominant component of the vertebral body volume, and
is also the primary site of bone mass loss from the vertebrae.
This explains the significant correlation of the mean CT value
of the cancellous bone with age (R2, 0.8048-0.8822).

No significant correlation was found between the mean CT
value of the compact bone and age (R2, 0.2489, 0.3122 and
0.3562). Furthermore, the mean CT value of the compact bone
were significantly higher in patients approaching 50 y of age,
followed by a decrease with a further increase in age (Figure
4); presumably because that the compact bone mass loss was
higher than the amount of hyperosteogeny in patients over 50 y
old.

In the current study, we used methods like DXA and QCT for
measuring BMD. However, these two methods have their own
inherent limitations which may lead to a false diagnosis.

The issues include: (1) Degenerative hyperosteogeny may
increase BMD rather than decreasing it; (2) The bone micro
architecture deterioration was very severe [18-20]; (3) The dual
energy X-ray absorptiometry measures the BMD in a two-
dimensional manner; (4) The accuracy of the DXA is often
compromised when the patient fails to meet the standard
position due to any morbid condition. Moreover, patient’s body

shape may also affect the DXA results [21]. Moreover, it is
difficult to ensure the high homogeneity of the area of interest
for DXA examination [22]. Some studies have demonstrated
an association between osteoporosis and obesity. Therefore, the
effect of obesity on the DXA results is a potential confounding
influence [23]. In QCT examination, the area of interest is
arbitrarily selected rather than the entire vertebral body, which
may introduce selection bias and affect the results of BMD.
Besides, the change in patient’s position during the QCT
examination is usually a hurdle for maintaining a highly
homogenous area of interest [15]. The areas of interest for the
cancellous bone and the compact bone are also arbitrarily
partitioned for QCT examination. This partitioning procedure
can be affected by human eye resolution and, therefore, has a
low precision [16].

We analysed the thin-slice CT data to evaluate the mean CT
value of difference fractions, including the overall vertebral
bodies, the cancellous and the compact bone. All these
parameters are decided by the true bone density of the different
fractions. In this study, we proposed that the conception of the
osteoporosis can also achieve rapid quantitative diagnosis by
real bone mineral density, in addition to BMD.

The mean HU value of the bone reflects all the bone contents
and the real bone density, which is representative of the bone
strength [24]. The analysis of changes of different bone
fractions is more advantageous for the evaluation of bone
structures.

The dual energy X-ray absorptiometry lacks the ability to
assess bone micro-architecture due to its two-dimensional
property. Trabecular Bone Score (TBS) is usually used to
assess the fracture risks in a qualitative rather than quantitative
perspective [25,26]. Other factors, such as operative errors,
patient positioning and the hyperosteogeny also affect the
ability of two-dimensional DXA in assessing three-
dimensional bone micro architecture. Even the QCT
examination cannot fully evaluate the bone mass contents and
the bone micro architecture. The three-dimensional QCT
overcomes the errors associated with the two-dimensional
DXA examination, thus making it superior to DXA, especially
for evaluating degenerative changes in the bone [27].
Additionally, the QCT can also help assess the optimization
and expansion of the trabecular bone after treatment [28].
However, QCT is limited by its arbitrary selection of the area
of interest, and thereby does not reflect the entire bone content
and its micro architecture. Therefore, the common CT can be
used to establish a diagnosis of osteoporosis and appears to be
superior to DXA in this respect [29]. The images obtained
from the common CT and the area BMD are used to screen the
osteoporosis with a high level of accuracy [30]. Sometimes,
common CT without phantom is also used to evaluate BMD
[31,32] for the reason that it can intuitively demonstrate the
BMD values using different colors [33]. In addition, the
images obtained from common CT can be converted into BMD
and further used to predict the risk of fracture of the vertebral
body [34].
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The mean CT values obtained from the thin slice scanning can
better reflect the absolute true bone density when compared to
a single BMD. According to available evidence, the mean CT
values can be used for evaluating BMD and bone strength [35],
and also for diagnosing of osteoporosis [36]. However, the
mean CT values may significantly vary between the elderly
and younger patients [37,38] and also differ with sex [17]. The
earlier studies have noticed the association between the age
and mean CT values, and thus have tried to evaluate the true
bone density using mean CT values. But a single mean CT
value of the overall vertebral bodies does not suffice for the
evaluation of bone micro architecture. In our present study, the
mean CT value of cancellous bone might be a better parameter
for quantitative judgment of bone structure.

Although the previous studies failed to address the quality
control aspect of the protocol, our method uses 3D editing and
morphology manipulation to select an area of interest with a
high homogeneity. This is an effective method with high
quality control for the rapid diagnosis of osteoporosis.

Conclusion
The mean CT value of the cancellous bone, which reflects the
true bone density, correlate well with the age, furthermore,
might be promising candidates for the quantitative and
differential diagnosis of osteoporosis and the bone fracture risk
assessment.
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