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Background: Adjacent vertebral fracture (AVF) represents a prevalent and challenging complication 
after percutaneous vertebral augmentation (PVA) treatment for osteoporosis vertebral compressive fracture 
(OVCF). Lower bone mineral density (BMD) and intervertebral leakage are reportedly independent risk 
factors for AVF. Vertebral Hounsfield units (HU) measured from computed tomography (CT) scans can 
evaluate bone quality. This study sought to explore the risk factors associated with AVF and analyze the 
relationship between AVF and the Hounsfield units of adjacent vertebrae (self-HU) following PVA.
Methods: In this retrospective cohort study, we included consecutive OVCF patients who presented to 
Xuzhou Central Hospital in Jiangsu Province, China from 1 January 2016, to 31 December 2019 for PVA 
treatment. Clinical and imaging data were collected, and baseline data were recorded. Patients were divided 
into the AVF group and the no-AVF group based on the presence of AVF during follow-up. Patients in 
the AVF group were further subdivided into the leakage group and the no-leakage group according to the 
presence of intervertebral leakage. Age, body mass index (BMI), fracture location, prior fracture, self-HU, and 
intervertebral leakage were included in univariate logistic regression analysis. Variables with a P value of less 
than 0.1 were then included in multivariate logistic regression analysis to determine the risk factors for AVF. 
Kaplan-Meier curves were plotted to assess the effect of intervertebral leakage on AVF using a log-rank test.
Results: A total of 460 patients were included in this study and followed up for an average of 50.9 months 
(range, 37–83 months). Among them, 82 cases (17.83%) developed AVF and were included in the AVF 
group. Multivariate logistic regression analysis showed that lower self-HU [odds ratio (OR) =0.972, 95% 
confidence interval (CI): 0.959–0.985, P<0.001] and intervertebral leakage (OR =2.618, 95% CI: 1.415–
4.844, P=0.002) were risk factors for AVF following PVA. In the AVF group, 29 patients (35.37%) with 
intervertebral leakage were included in the leakage group. Patients in the leakage group had a shorter time 
to AVF (22.07±13.83 vs. 31.42±18.73, P=0.021) and higher self-HU (78.05±16.41 vs. 64.23±20.49, P=0.002) 
than those in the no-leakage group. Kaplan-Meier curves showed that the fracture-free time was shorter in 
the leakage group compared to the no-leakage group (log-rank test, P=0.014). 
Conclusions: Lower self-HU and intervertebral leakage are risk factors for AVF, and higher self-HU may 
lead to AVF when intervertebral leakage is present.
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Introduction

In 2019, there were 8.6 million cases of vertebral fractures 
worldwide, representing a 38% increase compared to 
1990. Among these cases, 1.4 million were attributed to 
osteoporosis vertebral compressive fractures (OVCF) (1). As 
the global population continues to grow and age, this issue 
is becoming increasingly significant, resulting in low back 
pain that affects the quality of life and can even pose life-
threatening risks (2,3). Percutaneous vertebral augmentation 
(PVA), encompassing procedures such as percutaneous 
vertebroplasty (PVP) and percutaneous kyphoplasty (PKP), 
is commonly employed to treat OVCF. It is well-established 
that PVA procedures offer immediate pain relief, early 
ambulation, and the correction of local kyphosis. However, 
a notable complication following PVA is an adjacent 
vertebral fracture (AVF), which has a reported incidence 
rate of 3–52%, according to the literature (4-7). AVF can 
lead to recurrent pain and reduced mobility and often 
necessitates a second surgical intervention. The most critical 
risk factors associated with AVF after PVA are decreased 
bone mineral density (BMD) and intervertebral leakage (5).  
Evaluating BMD and implementing anti-osteoporosis 
treatment, as well as preventing intervertebral leakage, are 
essential strategies for mitigating the risk of AVF (3,6,7). 
Dual-energy X-ray absorptiometry (DXA) measurement of 
the lumbar spine and hip is considered the gold standard 
for assessing BMD (8). However, DXA may overestimate 
BMD due to its planar projection techniques, which 
measure the density of all mineral components along the 
X-ray projection paths, including vertebral bodies, anterior/
posterior structures, and other structures susceptible to 
interference, such as vertebral osteophytes, calcified vessel 
walls, and patient-specific body shapes (9). Additionally, 
DXA’s limited adoption in clinical practice is influenced by 
the need for additional examinations, increased costs, and 
radiation exposure. A study by Leslie et al. (10) revealed that 
only 8.9% of patients who experienced fragility fractures in 
2007/2008 underwent DXA examinations. 

In 2011, Pickhardt et al. (11) introduced the use of 

computed tomography (CT) trabecular attenuation, 
expressed in Hounsfield units (HU), to assess bone quality. 
Their work included diagnosing osteoporosis by measuring 
the first lumbar vertebra (L1) HU (≤110 HU) with 
high sensitivity and specificity. Subsequent studies have 
substantiated a significant correlation between vertebral 
HU and BMD and T values measured by DXA, establishing 
HU as an effective tool for assessing bone quality and 
diagnosing osteoporosis (12-14). 

Zhang et al. (15) reported a substantial increase in the 
risk of AVF following PVA when CT attenuation of L1 
was ≤95 HU. Given that different parts of the vertebral 
body endure varying stresses and ranges of motion, there 
may be variations in vertebral HU (16,17). In theory, 
utilizing HU measurements of the adjacent vertebrae 
themselves may offer greater accuracy in predicting AVF 
compared to focusing solely on the L1 vertebra. Yamaura 
et al. (18) discovered that the adjacent vertebral HU of the 
fractured vertebra could predict the occurrence of AVF 
after conservative treatment. Notably, the mean HU of 
the adjacent vertebra with a fracture was 57.3 HU, which 
was significantly lower than that of the control group. 
Nevertheless, there is limited research on the relationship 
between the HU of the fractured adjacent vertebra (referred 
to as self-HU) and AVF following PVA, especially in cases 
involving intervertebral leakage. This study sought to 
explore the risk factors associated with AVF and analyze 
the relationship between AVF and the Hounsfield units of 
adjacent vertebrae (self-HU) following PVA. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1233/rc).

Methods

This study adhered to the ethical principles of the 
Declaration of Helsinki (as revised in 2013) and received 
approval from the Ethics Committee of Xuzhou Central 
Hospital  (No. XZXY-LK-20200301-041) and the 
requirement for individual consent for this retrospective 
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analysis was waived. This retrospective cohort study 
included consecutively enrolled OVCF patients who sought 
treatment for PVA at Xuzhou Central Hospital between  
1 January 2016 and 31 December 2019.

The inclusion criteria were as follows: (I) patients aged 
55 years or older; (II) patients with a confirmed single-level 
osteoporotic vertebral compression fracture, as verified 
by medical history, physical examination, and magnetic 
resonance imaging (MRI); (III) patients treated with PVP 
or PKP; (IV) patients who underwent regular follow-up for 
at least 36 months.

The exclusion criteria were as follows: (I) patients with a 
history of prior surgery on the affected vertebra or adjacent 
vertebrae; (II) patients with 2 or more consecutive vertebral 
compression fractures; (III) pathological fractures caused 
by tumors, tuberculosis, and so on; (IV) patients lacking 
preoperative CT examinations or those for whom MRI 
examinations were unavailable when pain recurred during 
follow-up.

Data collection

Clinical and imaging data were documented, encompassing 
sex, age, body mass index (BMI), comorbidities, prior 
fractures, fracture location (categorized into thoracolumbar 
segment: T11–L2, and non-thoracolumbar segment: T5–
T10 and L3–L5), surgical procedures (PVP or PKP), 
presence of intervertebral leakage, self-HU values, and the 
follow-up duration.

Grouping

Patients were categorized into the AVF group and the no-
AVF group based on the presence or absence of AVF during 
follow-up. Additionally, patients in the AVF group were 
further divided into the leakage group and the no-leakage 
group according to the incidence of intervertebral leakage.

Definition of AVF

In patients experiencing new-onset low back pain post-
PVA during follow-up or displaying a substantial decrease 
in the height of adjacent vertebrae on X-rays, AVF was 
confirmed by MRI findings showing T2 hyperintensity and 
short tau inversion recovery (STIR) fat-suppression image 
hyperintensity in the adjacent vertebra. This indicated a 
fresh compression fracture, excluding remote vertebral 
fractures and re-collapse of cemented vertebrae.

CT value measurement

All patients underwent preoperative thoracic or lumbar CT 
scans with sagittal reconstruction (Light Speed VCT; GE 
HealthCare, Chicago, IL, USA). The scanning parameters 
included a tube voltage of 120 kV, tube current of 355 mA,  
slice thickness of 5 mm, interslice distance of 5 mm, bone 
window width of 2,000 HU, and window level of 350 HU.  
CT trabecular attenuation of the vertebral body was 
measured in HU using the Picture Archiving and 
Communication System (PACS system). A middle cross-
sectional plane of the vertebral body was selected along 
with the sagittal plane, avoiding heterogeneous structures 
such as cortical bone, posterior plexus, and bone islands. An 
oval region of interest (ROI) was placed as large as possible, 
and the PACS software automatically measured the CT 
trabecular attenuation of the vertebral cancellous bone, 
defined as the HU value in the ROI (11).

Statistical methods

Statistical analysis was carried out using SPSS 26.0 
(IBM Corp., Armonk, NY, USA). Continuous variables 
were presented as means and standard deviations, with 
comparisons between groups analyzed using 2 independent 
samples t-tests. Categorical variables were expressed as 
numbers and frequencies, with chi-square or Fisher’s exact 
tests employed as appropriate. A 2-sided P value <0.05 was 
considered statistically significant.

Age, BMI, fracture location, prior fractures, self-HU 
values, and intervertebral leakage were considered variables 
and subjected to logistic regression analysis. Variables with 
a P value of less than 0.1 were included in a multivariate 
logistic regression analysis to identify the risk factors for AVF.

Fracture-free time was calculated from the start of 
surgery to the occurrence of AVF during follow-up. 
Subgroup analysis was conducted within the AVF group, 
comparing the leakage group and the no-leakage group. 
Kaplan-Meier curves were plotted to assess the impact of 
intervertebral leakage on AVF using a log-rank test.

Results

A total of 741 OVCF patients were admitted to the 
hospital and underwent PVA between 1 January 2016 and 
31 December 2019. Out of these patients, 460 met the 
inclusion and exclusion criteria and were included in this 
study, as depicted in Figure 1 (flowchart of patient selection). 



Qi et al. Correlation between self HU and AVF 2408

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(3):2405-2414 | https://dx.doi.org/10.21037/qims-23-1233

Patients treated with PVA for OVCFs between Jan 1, 2016, to Dec 31, 2019

(n=741)

Monosegment PVA 

(n=460)

Spinal surgery history 

(n=58)

Multiple segments 

(n=143)

Lack of preoperative CT 

or postoperative MRI was 

absent when pain recurrent 

(n=80)

No-AVF group 

(n=378)

AVF group 

(n=82)

No-leakage group 

(n=53)

Leakage group 

(n=29)

Figure 1 Flow chart for screening patients. PVA, percutaneous vertebral augmentation; OVCF, osteoporosis vertebral compressive fracture; 
CT, computed tomography; MRI, magnetic resonance imaging; AVF, adjacent vertebral fracture.

All cases included in this study were Han Chinese. After 
an average follow-up period of 50.9 months (ranging from 
37 to 83 months), 82 patients (17.83%) developed AVF 
and were categorized into the AVF group. Among them, 
there were 31 males and 51 females, with a mean age of 
71.90±8.01 years (range, 55 to 88 years). The onset of AVF 
was divided into 4 time periods: 0 to 12 months (period 1), 
13 to 24 months (period 2), 25 to 36 months (period 3), 
and over 36 months (period 4). During period 1, 15 cases 
were diagnosed with AVF (18.29%); period 2 had 28 cases 
(34.15%); period 3 had 17 cases (20.73%); and period 4 
had 22 cases (26.83%). The no-AVF group comprised 378 
patients who did not develop AVF. This group consisted 
of 138 males and 240 females, with a mean age of 72.50± 
8.95 years (range, 55 to 95 years). The baseline data for 
patients in both groups are presented in Table 1. A typical 
case in the AVF group is illustrated in Figure 2.

Univariate logistic regression analysis revealed that 
lower adjacent vertebral HU [odds ratio (OR) =0.972, 
95% confidence interval (CI): 0.959–0.985, P<0.001], 

thoracolumbar segment (OR =0.457, 95% CI: 0.271–0.771, 
P=0.003), and intervertebral leakage (OR =3.081, 95% CI: 
1.808–5.252, P<0.001) were associated with AVF after PVA. 
Subsequently, variables with a P value less than 0.1 were 
incorporated in the multivariate logistic regression analysis, 
which showed that lower adjacent vertebral HU (OR 
=0.972, 95% CI: 0.959–0.985, P<0.001) and intervertebral 
leakage (OR =2.618, 95% CI: 1.415–4.844, P=0.002) were 
risk factors for AVF following PVA (Table 2).

Within the AVF group, 29 patients (35.37%) presented 
with intervertebral leakage and were classified into the 
leakage group, whereas 53 patients (64.63%) without 
intervertebral leakage were placed in the no-leakage 
group. The leakage group exhibited a shorter time to AVF 
(22.07±13.83 vs. 31.42±18.73, P=0.021) and higher self-HU 
values (78.05±16.41 vs. 64.23±20.49, P=0.002) compared 
to the no-leakage group (Table 3). Kaplan-Meier curves 
revealed that the fracture-free time was shorter in the 
leakage group compared to the no-leakage group (log-rank 
test, P=0.014) (Figure 3).
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Discussion

The results of the present study revealed an incidence 
rate of 17.83% (82/460) for AVF after PVA in patients 
with OVCF. Notably, lower self-HU and the presence of 
intervertebral leakage were identified as risk factors for 
the development of AVF following PVA. Moreover, in the 
presence of intervertebral leakage, higher self-HU values 
were associated with a shorter time to AVF, consistent with 
the literature (3,6,19,20).

The mechanisms underlying AVF are multifaceted, with 
some researchers proposing it as a natural progression of 
osteoporosis (21). Nevertheless, most studies suggest a 
strong association with osteoporosis and alterations in the 
local mechanical environment following the introduction 
of bone cement into the vertebra (22-25). Liu et al. (22) 
and Movrin and Komadina (23) conducted analyses of 
AVF risk factors and discovered that lower vertebral BMD, 
intervertebral leakage, steroid use, excessive vertebral body 
restoration, and fractures located in the thoracolumbar 
region were all contributors to AVF.

Since Pickhardt et al. (11) introduced the use of vertebral 

HU for assessing bone mass in 2011, research on vertebral 
HU in spinal degenerative diseases and osteoporosis has 
steadily expanded (12-18,26-30). Schreiber et al. (29) found 
that HU values obtained from opportunistic CT scans 
correlated with T-scores and compressive strengths based 
on osseous models. Their findings indicated that the mean 
lumbar HU value for normal bone density, osteopenia, 
and osteoporosis was 133.0, 100.8, and 78.5, respectively, 
consistent with the results of our study. Kurra et al. (26) 
predicted proximal junctional kyphosis following adult 
deformity surgery using local vertebral HU and observed 
that the HU of the upper instrumented vertebrae (UIV) 
and 1 level proximally (UIV + 1) was significantly lower in 
cases with proximal junctional fractures compared to the 
control group. They concluded that lower HU in UIV and 
UIV + 1 might contribute to proximal junctional fractures, 
recommending hooks at proximal vertebrae for patients 
with other fracture risk factors to reduce the incidence of 
proximal junctional fractures. St Jeor et al. (27) investigated 
risk factors for osteoporosis-related complications after 
lumbar fusion and found that both lower DXA-T scores 

Table 1 Baseline demographic and clinical characteristics of the two groups with OVCF treated with PVA  

Characteristic No-AVF group (n=378) AVF group (n=82) P value

Age (years) 72.50±8.95 71.90±8.01 0.572

Sex (female) 240 (63.5) 51 (62.2) 0.825

Body mass index (kg/m2) 22.71±3.23 23.0±2.74 0.439

Comorbidity 0.418

None 175 (46.3) 42 (51.2)

≥1 203 (53.7) 40 (48.8)

Prior fracture 77 (20.4) 21 (25.6) 0.294

Adjacent vertebra HU 77.76±19.95 67.0±19.55 <0.001

Fractured location 0.003

Thoracolumbar segment (T11–L2) 204 (54.0) 59 (72.0)

Non-thoracolumbar segment (T5–T10, L3–L5) 174 (46.0) 23 (28.0)

Surgical procedure 0.096

PVP 118 (31.2) 18 (22.0)

PKP 260 (68.8) 64 (78.0)

Intervertebral leakage 57 (15.08) 29 (35.37) <0.001

Follow-up duration (months) 51.17±9.85 49.38±9.98 0.138

Data are presented as mean ± standard deviation or n (%). OVCF, osteoporosis vertebral compressive fracture; PVA, percutaneous vertebral 
augmentation; AVF, adjacent vertebral fracture; HU, Hounsfield units; PVP, percutaneous vertebroplasty; PKP, percutaneous kyphoplasty.
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Figure 2 A typical case of adjacent vertebral fracture after PVA treatment for OVCF. A 74-year-old female diagnosed with L1 OVCF 
(A,B) was admitted to hospital, the CT value at T12 was 17.7 HU, 27.5 HU at L1, and 23.9 HU at L2 (C). PVA was performed (D). 
Three months later, she experienced recurrent lower back pain; MRI showed adjacent vertebral fracture at L2 (E), and repeat procedure 
was performed to obtain pain relief (F). Av, average; HU, Hounsfield units; SD, standard deviation; Ar, area; PVA, percutaneous vertebral 
augmentation; OVCF, osteoporosis vertebral compressive fracture; CT, computed tomography; MRI, magnetic resonance imaging.

and lower vertebral HU were associated with complications, 
with lower vertebral HU being an independent risk factor 
for osteoporosis-related complications. 

Hiwatashi et al. (28) observed that most AVFs occurred 
within 1 year after surgery, particularly within the first  
6 months. In contrast, most remote fractures occurred 
more than 1 year after surgery. Zhang et al. (15) reported 
that lower L1 HU was associated with reduced subsequent 
vertebral fracture-free survival, with a significant increase in 
the risk of subsequent vertebral fractures when L1 HU was 

lower than 95, suggesting that PVA is a risk factor for AVF, 
and BMD plays a crucial role in determining the occurrence 
and timing of AVF. Furthermore, standardized use of anti-
osteoporosis drugs after PVA can increase vertebral BMD 
and reduce the risk of AVF, underlining the role of bone 
quality in AVF prevention (31). 

Considering that the stress experienced varies with 
vertebral position, the BMD at different levels may exhibit 
significant heterogeneity (32). Consequently, the HU 
value of the L1 vertebra can only provide insight into the 
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bone quality of the vertebrae adjacent to the cemented 
vertebra. Zou et al. (30) employed S1 vertebral HU to 
assess osteoporosis occurrence in patients with lumbar 
degenerative diseases, comparing it with L1 vertebral HU 
measurements and DXA. Their findings indicated that 
the HU thresholds of S1 for osteoporosis diagnosis were  
220 HU (axial HU) and 185 HU (sagittal HU), whereas the 

threshold for L1 was 110 HU. Using adjacent vertebra HU 
itself may, therefore, provide a more accurate assessment 
of bone quality and the risk of AVF following PVA. In the 
present study, the adjacent vertebral HU was significantly 
lower in the AVF group compared to the no-AVF group, 
and multivariate analysis confirmed that lower adjacent 
vertebral HU and the presence of intervertebral leakage 
were indeed risk factors for AVF, consistent with the 
literature (3,6,7).

Intervertebral leakage is a common complication 
following PVA procedures (33). Cement leakage into the 
intervertebral space through endplate defects or fracture 
fissures creates a pillar effect on the adjacent vertebrae, 
making them susceptible to AVF. In this study, a total of 
82 cases of AVF occurred, of which 29 (35.37%) developed 
intervertebral leakage, mirroring findings in prior 
literature (34). Subgroup analysis based on the presence 
of intervertebral leakage was conducted within the AVF 
group. The results demonstrated that self-HU was higher 
and AVF occurred earlier in the leakage group compared 
to the no-leakage group, a pattern further supported by the 
Kaplan-Meier curves. It is highly conceivable that when 
intervertebral leakage is present, higher HU values in the 

Table 2 Univariate and multivariate analysis of risk factors after AVF 

Variable
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Age (years) 0.992 0.965–1.020 0.571 – – –

Sex (female) 1.003 0.611–1.647 0.989 – – –

Body mass index 1.030 0.955–1.111 0.438 – – –

Adjacent vertebral HU 0.972 0.960–0.985 <0.001* 0.972 0.959–0.985 <0.001

Thoracolumbar segment 0.457 0.271–0.771 0.003* 0.416 0.152–1.137 0.087

Kyphoplasty 0.620 0.352–1.092 0.098* 1.903 0.664–5.455 0.231

Intervertebral leakage 3.081 1.808–5.252 <0.001* 2.618 1.415–4.844 0.002

*, variables with P<0.1 were included in multivariate analysis. AVF, adjacent vertebral fracture; OR, odd ratio; CI, confidence interval; HU, 
Hounsfield units. 

Table 3 Differences between leakage group and no-leakage group after PVA in terms of AVF occurrence time and self-HU 

Variable Leakage group No-leakage group 95% CI P value

AVF occurrence time (months) 22.07±13.83 31.42±18.73 1.45–17.24 0.021

Self-HU 78.05±16.41 64.23±20.49 −22.09 to −5.01 0.002

Data are presented as mean ± standard deviation. PVA, percutaneous vertebral augmentation; AVF, adjacent vertebral fracture; HU, 
Hounsfield units; CI, confidence interval.

 0.00 20.00 40.00 60.00 80.00
Adjacent vertebral fracture free time, months

No-leakage group vs. leakage 
group P=0.014, Log-rank test
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Figure 3 Kaplan-Meier curves of the AVF group for evaluating the 
effect of intervertebral leakage to fracture free-time. AVF, adjacent 
vertebral fracture.
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adjacent vertebrae may contribute to AVF development. 
Nonetheless, further research is required to confirm this 
observation. Consequently, we recommend that patients 
with OVCF scheduled for PVA undergo CT examinations 
to measure adjacent vertebral HU while carefully assessing 
the anatomical basis for intervertebral leakage (e.g., endplate 
fractures and fissures). Efforts should be made to minimize 
intervertebral leakage in cases with lower HU values or 
in combination with other risk factors. In cases where 
intervertebral leakage does occur, all necessary precautions 
should be taken to minimize the risk of AVF, including anti-
osteoporosis medications, trunk extension exercises, wearing 
a waist brace, and fall prevention. Furthermore, this study 
established that prophylactic vertebroplasty is an effective 
method for reducing the occurrence of AVF (35).

Limitations

(I) This study was a single-center retrospective case-
control study with a relatively small sample size, 
necessitating larger multi-center studies to further 
establish the relationship between self-HU and AVF.

(II) The patients included in this study were all Han 
Chinese, so race was not analyzed as a risk factor in the 
article.

(III) The influence of anti-osteoporosis treatment and 
patient compliance, which are crucial factors in AVF 
development, were not standardized in this study, 
potentially affecting the results.

(IV) In this study, only patients who experienced significant 
pain or a notable reduction in adjacent vertebral height 
received MRI examinations for AVF confirmation. As a 
result, AVF cases without significant pain or those with 
normal vertebral height may have been missed.

Conclusions

Intervertebral leakage and lower self-HU are risk factors for 
AVF. When intervertebral leakage is present, higher self-
HU may lead to AVF.
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