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Background: Subsequent vertebral fracture (SVF) is one of the most common complications of
percutaneous vertebral augmentation (PVA), which leads to lower back pain in patients. Low bone
mineral density (BMD) is an independent risk factor for SVF. BMD measured using computed tomography
(CT) trabecular attenuation correlates closely with BMD.

Objectives: This study aims to analyze the risk factors of SVF after PVA and to estimate the predictive
role of CT trabecular attenuation.

Study Design: A retrospective review.
Setting: Department of spinal surgery in an affiliated hospital of a medical university.

Methods: A total of 515 patients were retrospectively enrolled between January 2015 and December
2019 into a 5-year follow-up investigation. Trabecular attenuation (Hounsfield units [HU]) was
retrospectively measured at L1 on preoperative lumbar or thoracic CT scans, and the receiver operating
characteristic (ROC) curve was used to evaluate its value for the prediction of SVF. Kaplan—-Meier analysis
and Cox proportional hazards regression were performed to identify the risk factors for SVF.

Results: A total of 166 patients (32.2%) experienced SVF. ROC curve analysis demonstrated that an L1
trabecular attenuation of < 95 HU has a sensitivity of 70.5% and a specificity of 79.9% for the prediction
of SVF. Kaplan—Meier analysis showed that L1 trabecular attenuation < 95 HU was significantly associated
with lower SVF-free survival (P=0.001; log-rank test). Multivariate analysis demonstrated that advanced
age (hazard ratio [HR] = 1.03, P=0.022), low body mass index (HR = 0.83, P= 0.001), diabetes status
(HR = 1.50, P=0.024), antiosteoporosis drugs use (HR = 0.65, P=0.031), and decreased L1 trabecular
attenuation (HR = 0.95, P=0.001) were risk factors for SVF.

Limitations: A single-center retrospective study of a consecutive cohort of patients may include the
inevitable bias. We periodically reviewed the full-length x-ray of the spine at every 3 months of follow-up
visit, which we may miss some patients with SVF without low back pain.

Conclusions: SVF is highly prevalent in patients with osteoporotic vertebral fracture who undergo
single-level PVA. Low L1 trabecular attenuation is associated with a significant reduction in SVF-free
survival, and when their L1 trabecular attenuation is <95 HU, patients may be at higher risk of SVF.

Key words: Computed tomography, Hounsfield units, vertebral fracture, osteoporosis, percutaneous
vertebral augmentation
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steoporosisisacommon disease characterized
by low bone mass and changes in the bone
microstructure, and vertebral fractures
are the most common type of osteoporotic fracture
(1). Percutaneous vertebral augmentation (PVA) is a

minimally invasive procedure that can achieve faster
pain relief and mobility recovery, and it has become a
common treatment for osteoporotic vertebral fracture
(OVF) (2). However, vertebral fracture after PVA is
related to increased risk for subsequent vertebral
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fracture (SVF), as well as increased mortality (3,4). A
number of studies have determined that low bone
mineral density (BMD) is an independent risk factor for
SVF (5,6). However, because of economic and practical
factors, dual-energy x-ray absorptiometry (DXA) is not
widely used. Only 1.5% of patients underwent a DXA
scan before they experienced a vertebral fracture, and
0.6% only underwent a DXA scan 1 year after OVF (7).
Therefore asimple and effective method to compensate
for this deficiency needs to be explored.

As a complement to DXA, opportunistic BMD
measurements of computed tomography (CT) attenu-
ation (in Hounsfield units [HUs]) can be conveniently
made prospectively or retrospectively using clinical
CT, which can be used to detect the loss of bone mass
and identify patients at increased fracture risk with-
out increasing the cost of the procedure or exposing
the patient to additional radiation (8,9). Studies have
indicated that trabecular attenuation measured in the
first lumbar vertebral body trabecular bone is an ef-
fective method for identifying patients at increased
risk of fracture (10,11). With a decrease in L1 HU,
10-year fracture-free survival in patients with previ-
ous fractures was significantly lower than in patients
without (6). However, it is currently not clear how well
CT trabecular attenuation values correlate with the
prevalence of SVF after PVA.

Therefore the purpose of the present study was to
determine whether L1 trabecular attenuation is associ-
ated with SVF-free survival in a cohort of patients with
PVA undergoing preoperative thoracolumbar CT, and
to determine the prevalence of SVF during the 5 years
following PVA.

METHODS

Patients

The study was approved by the ethics committee
of our hospital. We reviewed data obtained between
January 1, 2015 and December 31, 2019, regarding 515
patients who had experienced OVF and underwent
single-level percutaneous vertebroplasty or percutane-
ous kyphoplasty in the spinal surgery department of
our hospital (Fig. 1).

The inclusion criteria in our study were (1) the
patient met the diagnostic criteria for OVF in the clini-
cal guidelines; (2) the patient had experienced a first
fracture and had no history of prior spinal surgery; (3)
the patient had experienced a single-level vertebral
fracture and underwent PVA after the failure of con-

servative treatment; and (4) preoperative CT examina-
tion of the thoracolumbar spine had been completed.
The exclusion criteria in our study were (1) the pres-
ence of metabolic bone disease other than osteoporo-
sis (including Cushing disease, hyperthyroidism, among
others); (2) pathological fracture caused by bone tumor
or bone tuberculosis; (3) the detection of inoperable
vertebral wedge changes before the first PVA proce-
dure; and (4) postoperative review of the PVA showed
intervertebral disc leakage of bone cement.

The Criteria of PVA

The indication for performing PVA were as follows:
(1) conservative treatment fails to treat painful OVF; (2)
unstable fracture, such as vertebral compression, ex-
ceeds one-half of vertebral height, or with segmental
kyphosis; (3) without neurologic damage; (4) fresh frac-
ture of thoracolumbar vertebral body; and (5) elderly
patients who are not bedridden for a long time.

Data Collection

The CT attenuation value, in HUs, of the first lumbar
vertebral (L1) mid-body was measured on a single cross-
section. Patient demographics, history, and treatment
information were collected from their medical records
and the structured comprehensive questionnaire. The
age, gender, body mass index (BMI), smoking (> 3 ciga-
rettes per day or > 18 cigarettes per week for more than 1
year), drinking (> 3 drinks/day for men, > 2 drinks/day for
women), hypertension, and diabetes status; bone turn-
over markers, including serum concentrations of 25(OH)
D, B-type | collagen carboxyl terminal peptide (B-CTX),
and the N-terminal fragment of osteocalcin (N-MID); and
antiosteoporosis drug use was defined as a history of
bisphosphonate or teriparatide use during the follow-up
period of 5 years after PVA. All data were obtained from
the questionnaire and medical records in the case system.

Evaluation of Bone Quality

As previous studies recommended (10), the L1
vertebral body was chosen as the site for HU mea-
surements with the preoperative thoracolumbar CT
images, which were obtained by the same CT scanner
(Siemens, DEFINITION, tube voltage 120 KV, 1.5 mm
slice thickness, Germany) using a picture archiving and
communication system (PACS). We assessed vertebral
BMD by placing a single oval click-and-drag region of
interest (ROI) over an area of vertebral body trabecular
bone and then measuring CT attenuation in HU, with
lower HU representing low bone mass. The type of CT
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window did not affect the CT at-
tenuation value obtained (12). The
principle of the ROI placement was
to include as much trabecular bone
as possible, and to avoid cortical
bone, the posterior venous plexus,
bone islands, compressed bone,
and other heterogeneous areas.
The largest ROl is drawn at L1
vertebral mid-body, and the PACS
software automatically calculates
the average CT HU value for the
ROI (Fig. 2). We measured the HU
value of L2 instead of L1 when pa-
tients had vertebral fractures of L1.

Definition of SVF

In the first 3 months after PVA
surgery, patients were followed up
monthly at the outpatient depart-
ment, and subsequently at 3-month
intervals. Magnetic resonance
imaging (MRI) examination was
performed in patients with recur-
rent low back pain and suspected
new vertebral fracture occurred. A
diagnosis of SVF was made when
the imaging outcome met one of
the following criteria: x-ray or CT
indicated a moderate to severe
vertebral fracture according to
the Genant semiquantitative scale
(13), or T1-weighted MRI showed
low attenuation and T2-weighted
MRI showed high attenuation. We
defined SVF to include remote and
adjacent vertebral fractures. All
the SVFs recorded for the study pa-
tients occurred during the 5-year
follow-up period.

Statistical Analysis

The data were analyzed using
R software version 3.1.0 (R Founda-
tion, Vienna, Austria) and MedCalc
software version 11.2 (MedCalc

Total 1168 paticnts with OVF

Conservative treatment 376,

792 patients after conservative
treatment removed

Pathological fracture 52;
Metabuolic bone discase 46.

694 paticnts after mechanism
of OVF is clarified

Inoperable vertebral wedge changes 65 ;
Intervertebral disc cement leakage 78;
Refracture of cemented vertebra after PVA 36,

515 patients were enrolled

Last contact during the follow-up period 19;
Dicd from causcs other than a vertebral fracture 5.

}

Litrabecular
attenuation = 95HU 187
patients

|

Litrabecular
attenuation > 95 [ 328
patients

Fig. 1. Flow diagram for screening patients.

Fig. 2. An example of CT HU values measured over an axial image of LI vertebral
body. The single oval click-and-drag ROI was placed on the axial image in the L1
vertebral mid-body. After the maximum ROI is plotted, the PACS software automaticall
calculates the average CT HU for the ROI. After the maximum ROI is plotted, the
PACS software automatically calculates the average CT HU for the ROI.

Software Ltd, Belgium). Continuous variables were as-
sessed using independent samples Student t-tests and
categorical data were assessed using y? tests. The re-
ceiver operating characteristic (ROC) curve was used to

evaluate the sensitivity and specificity of L1 trabecular
attenuation for the evaluation of the risk of SVF after
PVA, and to determine the most appropriate cutoff
value to predict this outcome.
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Patients were grouped according to their L1 trabecu-
lar attenuation for univariate survival analysis, and the
threshold was determined using the ROC outcome for SVF.
Kaplan-Meier curves were used to compare differences
in SVF-free survival, and log-rank tests were used for the
statistical evaluation of this outcome. The potential risk
factors for SVF were assessed using both univariate sur-
vival analysis (o < 0.10) and Cox time-to-event regression.

REesuLts

At the end of the study, data from a total of 515 pa-
tients had been collected, and their characteristics are
shown in Table 1. Patients who experienced SVF during
follow-up were significantly older than those who did
not (71.2 £ 6.0 vs. 69.4 + 6.5 years; P =0.003). Some 166
patients (32.2%) experienced SVF in the 5 years follow-
up time. Twenty-nine patients lost contact during the
follow-up period, and 5 patients died from causes other
than a vertebral fracture. There were no significant dif-
ferences in the baseline data between the patients who
were lost to follow-up and those who remained (P >
0.05). The mean duration of follow-up was 19.0 + 15.3

Table 1. Baseline characteristics of the patients.

those who experienced SVF after 12, 24, 36, 48, and 60
months were 84.3%, 75.3%, 68.0%, 62.4%, and 57.2%,
respectively. Women accounted for a larger proportion
of both the SVF and non-SVF groups. The BMI of the
non-SVF group was higher than that of the SVF group
(P = 0.001); the serum 25(0OH)D of the SVF group was
lower than that of the non-SVF group (P < 0.05); the
mean L1 attenuation was significantly lower among
patients with an SVF compared with those without an
SVF (P = 0.001) (Fig. 3). The prevalence of diabetes in
patients with SVF was higher than that of the non-SVF
group (P =0.007), and the proportion of patients using
an antiosteoporosis drug in the SVF group was signifi-
cantly lower than that in the non-SVF group.

Table 2 shows the variables that were used in the
Cox model for univariate analysis. Age, BMI, diabetes
status, low serum 25(OH)D concentration, antiosteo-
porosis drugs use, and L1 trabecular attenuation were
in line with the statistical significance of this study
(P < 0.10 was used as the rejection criterion). Factors
that were significantly different between the groups
in the univariate analysis were regarded as potential
confounding factors and were included in a Cox pro-
portional hazards model for multivariate analysis. The

Mean = standard deviation or (reported/available).

months for the SVF group, and the survival rates for

Non-SVF SVF p results of this model, after adjustment for all these
(n=349) | (n=166) potentially confounding variables, are shown in Table
Age, years 69.4 + 6.5 71.2 £ 6.0 0.003 2. The totally likelihood ratio test for the model was
Male/female 120/229 65/101 0.169 highly significant (P < 0.001), indicating that at least
Height, cm 1638 +73 | 1625+72 0.066 one of the variables involved was significantly related
Weight, kg 60.0 +7.1 57.1+7.1 0.001
BMI, kg/m2 224+16 | 214+18 0.001 =r o
25(OH)D, ng/mL 199+7.6 183 +8.1 0.031 o —_ °
0.542 0.551 + =
B-CTX, ng/mL 0253 0271 0.712 -
g 20
N-MID, ng/mL 173+7.4 16.6 £7.6 0.333 §
. 80/349 43/166 5\ hil-
Hypertension, yes (22.9%) (25.9%) 0.507 ‘:E
-l
. 53/349 41/166 sl
Diabetes, yes (15.2%) (24.7%) 0.007
o 28/349 16/166 & e .
Drinking, yes (8.0%) (9.6%) 0.613 8 I
. 36/349 23/166 gl
Smoking, yes (10.3%) (13.8%) 0.240 I I
Non-SVF SVF
Antiosteoporosis 160/349 34/166 0.001
drugs use, yes (45.8%) (20.5%) : Fig. 3. L1 trabecular attenuation values in patients with
L1 trabecular and without prevalent SVE. Box-and-whisker plot shows
attenuation (HU) 105.7£154 | 89.2£207 0.001 distribution of L1 trabecular attenuation values in
Foll - patients with and without prevalent SVE. Middle lines in
o Ot"}‘;‘uP time, 37.0+ 17.9 19.0 + 15.3 0.001 boxes show median HU, upper lines of boxes show third
o quartile limit, lower lines of boxes show first quartile limit,

whiskers show range (excluding outliers). © = outliers.
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Table 2. Significant prediciors of SVF at 5-year follow-up in
univariable and multivariable Cox regression analyses.

Table 3. Characteristics of different attenuation thresholds for
predicting SVE

. Univariate Multivariate
Variables P P
HR (95% CI)
Age, years 1.04 (1.02-1.07) | 0.001 1.03 0.022
§& Y St : (1.01-1.05) |
Gender, female | 1.31(0.71-2.42) | 0.390 -
BMI, kg/m? 0.79 (0.73-0.85) | 0.001 0.83 0.001
> (0.76-0.91)
25(OH)D, ng/ 0.98
mL 0.98 (0.96-1.00) | 0.048 (0.97-1.00) 0.088
B-CTX, ng/mL | 0.99 (0.56-1.78) | 0.979 - -
N-MID, ng/mL | 0.99 (0.97-1.00) | 0.283 - -
Hypertension, |} ¢ (0 75_1.45) | 0.753 - -
yes
Diabetes, yes 3.34 (2.22-5.03) | 0.001 1.50 0.024
24 R : (1.06-2.14) |
Drinking, yes 1.25 (0.74-2.01) | 0.403 = =
Smoking, yes 1.42 (0.91-2.21) | 0.124 - -
Antiosteopo- 0.65
rosis drugs use, | 0.51 (0.29-0.91) | 0.023 (0.44-0.96) 0.031
yes
L1 trabecular 0.95
attenuation 0.94 (0.93-0.95) | 0.001 ’ 0.001
(HU) (0.94-0.96)

CI, confidence interval.

to SVF-free survival. Specifically, lower L1 trabecular
attenuation was significantly associated with a higher
risk of SVF (hazard ratio [HR] = 0.95, P = 0.001).

Table 3 shows the SVF prevalence progressively in-
creased as the L1 trabecular attenuation was lowered.
SVFs were present in 18.4% of patients with an L1
trabecular attenuation value < 90 HU. This prevalence
increased to 27.5% in patients with an L1 trabecular
attenuation < 85 HU. The positive predictive value
of a fracture at the 85-HU threshold was 80.7%. The
negative predictive value of a threshold of 110 HU was
88.6%. ROC analysis indicated that a L1 trabecular at-
tenuation of 95 HU had a sensitivity of 70.5% and a
specificity of 79.9% for the prediction of SVF and yield-
ed an area under the curve of 0.802 (95% confidence
interval, 0.77-0.84) (Fig. 4).

The Kaplan—Meier curve in Fig. 5 shows that when
using an L1 trabecular attenuation threshold of 95 HU,
there was a significant difference in SVF-free survival.
When patients with an L1 attenuation value above and
those with a value below 95 HU were compared, the
SVF-free survival was significantly different (P = 0.001,
according to the log-rank test). Antiosteoporosis drug
use was significantly associated with a reduced risk of

L1 Sensitivity | Specificity | Prevalence | PPV | NPV
HU (%) (%) (%) (%) | (%)
<85 42.8 95.1 27.5% 80.7 77.8
<90 63.3 85.4 21.2% 66.9 83.0
<95 70.5 79.9 18.4% 62.6 85.1
<100 81.9 56.2 8.7% 47.1 86.7
<105 84.9 48.7 6.8% 44.1 87.2
<110 90.4 35.5 3.9% 40.0 88.6

NPV, negative predictive value; PPV, positive predictive value.

100

B0

Sensitivity
o
o

™
=

20

P | I I I |

V] 20 40 60 80 100
False-Positive Rate

Fig. 4. ROC curve analysis of various attenuation thresholds
for capturing prevalent SVE. Diagonal line is line of no
discrimination, which references proximity to random
assoctation. The area under the ROC curve of the L1
trabecular attenuation value was 0.802, the cutoff value was
95 HU, the sensitivity was 70.5%, and the specificity was
79.9%.

SVF (HR = 0.65, P =0.031). HR of SVF on the basis of L1
trabecular attenuation both with and without antios-
teoporosis drug use is presented in Fig. 6.

Discussion

PVA is an efficient, minimally invasive, and relatively
safe procedure that is used for the treatment of symp-
tomatic OVF, or at least for initial pain control (14). SVF
is one of the major complications that occurs in patients
with OVF who underwent PVA (15), and the incidence of
SVF in the present study was 32.2%. We found that in a
cohort of patients with OVF, those who underwent single-
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Fig. 5. Kaplan—Meier curves for patients divided into L1
trabecular attenuation categories using a 95 HU threshold.
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Fig. 6. HR of SV'F on the basis of LI trabecular
attenuation both with and without antiosteoporosis drugs
use. {AU: Please cite F'igure 6 in the text}

level PVA and had lower L1 trabecular attenuation were
more likely to experience SVF, and there were significant
differences in SVF-free survival between patients with an
L1 trabecular attenuation of < 95 or > 95 HU. Multivariate
Cox proportional hazard analysis indicated that advanced
age, low BMI, low serum 25(OH)D concentration, diabe-
tes, lack of antiosteoporosis drug use, and low CT attenu-
ation were risk factors for SVF. Furthermore, multivariate
survival analysis showed that the effect of L1 trabecular
attenuation remained significant after adjustment for
potential confounding factors.

In numerous previous studies, various factors have
been identified that influence the incidence of SVF. It is
generally believed that advancing age correlates nega-
tively with BMD (16). Indeed, aging has been consistently
identified as a major risk factor for SVF. Diabetes is also
thought to be a risk factor for SVF because of the de-
fects in bone metabolism that develop in the presence
of hyperglycemia, inadequate insulin secretion, and
diabetic complications (17). Previous studies have shown
that the prevalence of SVF in patients with osteoporosis
with chronic diabetes is much higher than in nondiabetic
patients (18). Obesity could be related to increased BMD,
reflecting the enhanced bone mass stimulated by larger
skeletal loading. A study of 1,099 older adults demon-
strated that patients with high BMI were at a lower risk
of major osteoporotic fractures (19). Hypovitaminosis D
is also thought to be an important risk factor for osteo-
porotic fracture and malunion. Maier et al (20) reported
a prevalence of vitamin D insufficiency of 89% in 246
patients with OVF, and the present results indicate that

the 25(0OH)D status in patients who experience SVF is sig-
nificantly lower than in those who do not. Furthermore,
chronic vitamin D deficiency can lead to secondary hyper-
parathyroidism and progressive bone loss, which increase
the risk of osteoporotic fracture (21).

The use of antiosteoporosis drugs as an active inter-
vention method for osteoporosis has shown efficacies
by increasing BMD and decreasing the risk of vertebral
fractures and SVF (22,23). Indeed, the present results sug-
gest that treatment with antiosteoporosis drugs reduces
the risk of SVF by 35% (P = 0.001), and HR of SVF on
the basis of L1 trabecular attenuation in patients with
antiosteoporosis drug use is significantly higher than in
patients without (P = 0.032). However, the rate of antios-
teoporosis drug use after PVA was lower in both the SVF
group and the non-SVF group. Malik et al (24) reported
that less than one-third of patients experiencing a senti-
nel OVF receive antiosteoporotic medication within the
year following the fracture, which increases the rate of
vertebral refracture. Therefore we should consider using
antiosteoporosis therapy positively in patients with the
first occurrence of OVF, especially those with L1 trabecular
attenuation < 95 HU.

However, the most important risk factor for SVF is
poor bone quality. Schreiber et al (8) demonstrated that
BMD, measured using clinical CT scan data, represents
an alternative method of assessing local bone quality.
BMD measured using CT correlates closely with vertebral
compression data and DXA scan results. Similar stud-
ies have shown that CT attenuation is closely related to
BMD T-score and that local BMD, assessed on CT scans,
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is useful for fracture risk evaluation, the diagnosis and
management of osteoporosis, and the identification of
candidates for early therapeutic intervention (25-27).
Graffy et al (11) reported that patients with moderate
or severe vertebral fracture have significantly lower L1
CT attenuation than those without, and that when the
L1 attenuation is < 90 HU, the patient may be at greater
risk of vertebral fracture. The present findings also show
that the CT attenuation of patients who experience an
SVF is significantly lower than that of those who do not
(P=0.001), and the SVF-free survival differed significantly
from the patients with an L1 trabecular attenuation of
< 95 HU. To date, research on CT attenuation has mainly
focused on the measurement of BMD and its use to pre-
dict vertebral fracture risk. To our knowledge, this is the
first long-term follow-up cohort study of the relationship
between the L1 trabecular attenuation and SVF. The aim
of the study was to evaluate a simple tool that could be
used in daily clinical practice and as a predictor of SVF.

One clear advantage of CT over DXA for BMD mea-
surement is that CT attenuation can be assessed using
a standard preoperative thoracolumbar CT scan of the
patient; therefore additional exposure to radiation can
be avoided. Moreover, patients with fractures often have
lower back pain, and the use of the method described can
also reduce the number of examinations and shorten the
examination time for the patient, which should reduce
the pain induced by the required changes in posture.

When DXA is used to measure BMD, spinal degen-
erative diseases, which involve osteophyte formation, ab-
dominal aortic calcification, and adult spinal deformities,
can affect the accuracy of the measurement. Therefore
another advantage of the use of CT to assess bone trabec-
ular quality is that such measurements are less influenced
by these factors (28). We have emphasized the use of L1
vertebral measurements in the present study for several
reasons. First, when the results of multilevel assessments
were compared, the accuracy at L1 was higher than that
at other levels (11). Second, the L1 level is easily identifi-
able, which improves the efficiency and reproducibility of
the assessment. Finally, this level is included on all stan-
dard chest and abdominal CT scans, which substantially
increases the potential of the approach for widespread
screening.

Although the use of L1 trabecular attenuation to as-
sess bone quality has more advantages than traditional
DXA, it also has limitations. First, the manual manipula-

tion required for the measurement of L1 attenuation
presents a potentially significant problem in the diagnosis
of osteoporosis and osteopenia. Recently, a machine-
learning model has been used for opportunistic CT screen-
ing for osteoporosis, and it is also possible to implement
spinal segmentation algorithms in an automated fashion.
The implementation of an automated CT attenuation
measurement method may be associated with greater
reproducibility, occupy less time in either a research or
clinical context, and be applicable for the screening of
large populations (29). Furthermore, the International
Society for Clinical Densitometry recently published an
opinion that when opportunistic CT screening for osteo-
porosis is conducted, the CT attenuation is influenced by
the specific scanner manufacturer and model, and the
attenuation were significantly different when results
generated using scanners from different manufacturers
are compared (30). Owing to differences in parameters of
clinical CT scans, HU in vertebral body of the same patient
may have different results based on image measured by
different clinical CT scans. Therefore future studies need
to quantify different clinical CT scan parameters for the
measurement of HU value of vertebral trabecular bone,
which may be valuable to guide the future work of SVF
risk assessment.

The present study had some limitations. First, it was a
single-center retrospective study of a consecutive cohort
of patients, which implies the existence of heterogeneity,
and the low sensitivity and specificity of the determined
diagnostic threshold may be related to this. Second, we
periodically reviewed the full-length x-ray of the spine at
every 3-month follow-up, in which we may have missed
some patients with SVF without low back pain. This may
have artificially lowered the number of prevalent SVF.
Therefore long-term follow-up studies with large mul-
ticenter samples are needed to verify our results in the
future.

CONCLUSIONS

We have shown that SVF is highly prevalent in pa-
tients with OVF who undergo single-level PVA. Lower
L1 trabecular attenuation is associated with significantly
lower SVF-free survival, and when the L1 attenuation is
< 95 HU, a patient may be at higher risk of SVF. Thus the
measurement of CT attenuation at L1 represents a simple
tool that could be used in daily clinical practice to evalu-
ate bone mass and as a predictor of SVF following PVA.
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