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Abstract

occlusion causes the IVC following OVCF.

development of intravertebral cleft.

Segmental artery occlusion

Background: The avascular necrosis (AVN) hypothesis of intravertebral cleft (IVC) formation in osteoporotic vertebral
fracture (OVCF) has received increasing attention. The aim of this article is to detect whether the segmental artery

Methods: Between December 2019 and April 2020, 44 OVCF patients with 46 fracture levels were prospectively

enrolled and the vertebral segmental arteries were evaluated by magnetic resonance angiography (MRA). The artery
conditions were divided into patent, narrow and occluded. The lesion segmental occlusion rate (LSOR) and the total
occlusion rate (TOR) were calculated. The association of segmental artery occlusion and IVC formation was assessed.

Results: LOSR was 15.34% and TOR was 15.12%. The segmental arteries of the unfractured vertebrae had a higher
occlusion rate at thoracolumbar levels than at non-thoracolumbar levels. There was no significant difference between
the IVC group and the non-IVC group in the fractured levels artery occlusion rate (20.24 4 28.08 vs 9.78 & 19.56,
P=0.156) or the total segmental arteries occlusion rate (13.83 & 12.04 vs 11.57 4+ 9.25, P=0.476).

Conclusions: In patients with vertebral osteoporotic fracture, segmental artery occlusion is not associated with the

Keywords: Intravertebral cleft, Osteoporosis vertebral compression fracture, Magnetic resonance angiography,

Introduction

Osteoporosis vertebral compression fracture (OVCEF) is
the most common osteoporosis fracture. Although con-
servative or minimally invasive treatment can always
relieve pain, poor prognosis frequently occurs in OVCF
patients combined with intravertebral cleft (IVC) [1, 2].
IVC is the classic radiological sign of Kummell’s disease
[3], which is an area of low-intensity on T1-weighted and
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high-intensity or low-intensity on T2-weighted magnetic
resonance images (MRI) in fracture vertebrae (Fig. 1b,
¢, d) [3]. The incidence of complications such as cement
leakage [4], augmented vertebral recollapse (Fig. 1f, g) [5],
and adjacent vertebral fracture [6] was high when OVCFs
were combined with IVCs. Therefore, exploring IVC
pathogenesis is important for preventing and finding bet-
ter treatment methods.

The hypotheses of IVC formation are controver-
sial, including the avascular necrosis (AVN) hypoth-
esis [7], air formation hypothesis [8], biomechanical
alteration hypothesis [9], and pseudarthrosis formation
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Fig. 1 An eighty-two-year-old female suffered from severe back pain for about 17 days (VAS 9) after left heavy object. CT showed an L2
compression fracture with intravertebral cleft formation (a) and MRI indicated an area of hypointensity on T1 and hyperintensity on T2 and T2-fat
suppression images (b, ¢, d, red arrow). MRA revealed that both sides of the L2 segmental arteries were occluded (e). Unilateral vertebroplasty was
performed for the patients (f). The augmented vertebra collapsed and the cement was displaced half a year after the procedure (g)

hypothesis [10]. The AVN hypothesis received much
attention among the above hypotheses. IVC is a sign of
osteonecrosis caused by the destruction of blood supply
[11, 12]. There is growing evidence supporting this idea.
Dupuy et al. [13] and Libicher et al. [7] both revealed that
the pathological characteristic of IVC was avascular oste-
onecrosis by biopsy. Once vertebral compression frac-
tures occur, the vertebrae require more blood supply for
osteocytes growth and vertebral reconstruction [14]. If
arteries cannot provide sufficient blood supply, osteogen-
esis might arrest, and vertebrae nonunion occur. Lin et al.
[11] found that the IVC was related to poor perfusion of
the adjacent vertebral bone marrow by dynamic contrast-
enhanced magnetic resonance imaging. Kim et al. [12]
found a high artery occlusion rate in IVC patients by
magnetic resonance angiography (MRA). However, due
to the lack of a control group in Kim’s study, segmental
artery occlusion leading to the IVC could not be con-
cluded. Therefore, we hypothesized that IVC patients
would have a higher segmental artery occlusion rate than

non-IVC patients. The aim of this study was to elucidate
the association between segmental artery occlusion and
IVC formation (Fig. le).

Methods

The study was approved by the Ethics Review Commit-
tee of Peking University People’s Hospital with approval
number 2019PHB240. All the written informed consents
were acquired from the patients.

Patients

We prospectively recruited 44 patients (male:
female =14: 30) with OVCFs from the traumatic ortho-
pedic department at a tertiary referral center. Recruit-
ment was started in December 2019 with the completion
of enrollment in April 2020. The inclusion criteria were
as follows: 1) patients with osteoporosis vertebral com-
pression fracture; 2) back pain over 1week prior to start-
ing intervention; 3) focal tenderness on the OVCEF level;
and 4) scheduled to receive vertebroplasty surgery. The
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exclusion criteria included 1) vertebral fracture caused by
infection or malignancy; 2) neurological impairment; and
3) MRA contraindication. All patients underwent X-ray
and MRA for the thoracic and/or lumbar spine during
the first hospitalization.

Sample size calculation

For comparison of the segmental artery occlusion rate
between the non-IVC group and IVC group, we calcu-
lated the sample size according to a previous study. A
previous study revealed that the occlusion rate of the
segmental artery in patients with IVC was 57.8% [12].
The incidence of segmental artery occlusion in non-IVC
patients was 19-27% [15]. Therefore, we assumed that
the incidence of artery occlusion in the IVC group was
60% and that the segmental artery occlusion rate in the
non-IVC patient was 30%. The o was 0.05 and 3 was 0.2.
The number of vertebral level in the IVC group and the
non-IVC group was 1:1. The calculated sample size was
as follows: the number of arteries in the non-IVC group
was 40, and the number of arteries in the IVC group was
40 [16].

Data collection

Basic characteristics of the patients, including age, gen-
der, body mass index (BMI), time from injury to MRI
diagnosis, and fracture levels, were collected from
the clinical files. Vertebral avascular risk factors were
recorded to reflect the blood supply condition [17]. The
number of factors including hypertension, diabetes melli-
tus, coronary heart disease, cerebral infarction, hormone
usage, and smoking was regarded as the vertebral avascu-
lar risk factor score.

Imaging data including the X-ray or CT, MRI, and
MRA results, were reviewed by the double-blind method.
The IVC diagnosis and vertebral occlusion condition
were separately assessed by two experienced surgeons.
The compression rate (CR) was calculated according to
previous study [4]. Fracture severity was graded as grade
1: mild (<25% collapse); grade 2: moderate to severe
(>25% collapse) [5]. The diagnosis of IVC was based on
the imaging sign of low-intensity on T1-weighted area
and high-intensity or low-intensity area on T2-weighted
MRI in fracture vertebra (Fig. 1).

According to the MRA image, each segmental artery
condition was classified into patent, narrow and occluded
and was scored as 1, 0.5, and 0, respectively (Fig. 2). The
lesion segmental occlusion rate (LSOR) and the total
occlusion rate (TOR) were calculated. The LOSR reflected
the fracture level blood supply. LOSR = (2 — fracture level
segmental artery occlusion condition score)/2 x 100%.
Except for L5, segmental arteries of each thoracic and
lumbar vertebrae were in pairs [18]. Therefore, the L5
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level was not included in the LOSR calculation. The TOR
reflected the total spine blood supply. All MRAs covered
T10 to L4 segments, and the corresponding artery condi-
tions were recorded; therefore, the TOR was calculated
using data from T10 to L4.

T10
TOR = <14 - Z segmental artery occlusion condition score>/14 X 100%
L4

The compression vertebral segmental artery occlu-
sion condition was assessed by an experienced surgeon
and repeated with an interval of more than 1 month.
The intraclass correlation efficiency in segmental artery
occlusion was 0.788 (P<0.001).

Data analysis

Patients were classified into the IVC group and the non-
IVC group according to the diagnosis criteria. Age, gen-
der, BMI, vertebral avascular risk factors, thoracolumbar
levels (T11-L2), fracture severity, compression ratio, time
from injury to MRI, LSOR and TOR were compared
between the IVC and non-IVC groups.

Statistical analysis

Univariate analysis was analysed using SPSS Ver. 22.0 for
Windows (IBM Corp. NY, USA). Continuous variables
were analysed with chi-square tests and are presented
as the mean +standard deviation. Categorical variables
were analysed with Mann-Whitney U tests and are pre-
sented as the median (IQR). The dichotomic variables
were analysed with the Student’s t-tests and presented
as numbers (%). P <0.05 was regarded as a significant
difference.

Results

A total of 44 patients (male: female = 14: 30) with 46 frac-
tured vertebrae and 92 vertebral segmental arteries were
included in this study. The mean age of the patients was
74.6 £ 12.38years old. Twenty-one (45.6%) compression
vertebrae had IVC. The time from injury to MRI was
21+44.5days (Table 1). A total of 588 vertebral arter-
ies were analysed by MRA. The total segmental artery
occlusion rate was 15.34%. Among the unfractured levels,
artery occlusion or narrow rate of T10 was 20.9%, T11
was 23.8%, T12 was 34.3%, L1 was 23.3%, L2 was 8.4%, L3
was 4.6%, and L4 was 8.9% (Fig. 3).

The fractured vertebrae were T5 in 1 patient, T9 in
4 patients, T10 in 1 patient, T11 in 3 patients, T12 in
9 patients, L1 in 14 patients, L2 in 8 patients, L3 in 1
patient, L4 in 3 patients, and L5 in 2 patients. Among
these, 42 vertebral segmental arteries were included in
the IVC group and 50 in the non-IVC group. The time
from injury to MRI was significantly different between
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Fig. 2 Each segmental artery condition was classified into patent, narrow and occluded and was scored as 1, 0.5, and 0, respectively

0,1

Table 1 Characteristics of Patients

Variable Patients
number
(n=44)
Age (years) 746 +12.38
Gender (female) 30 (68.2%)
BMI (kg/m?) 2319 £ 304
fracture severity (>25% collapse) 20 (44.4%)
CR (%) 79+£18
Time from injury to MRI (Days) 21 +£445
Thoracolumbar levels (T11-12) 344773
LSOR (%) 1512
TOR (%) 15.34

n patient number, BMI Body mass index, CR Compression rate, LSOR Lesion
segmental occlusion rate, TOR Total occlusion rate

LOSR = (2 — fracture level segmental artery occlusion condition
score)/2 x 100 %)

TOR = (14 ~ X.1,° segmental artery occlusion condition Smre) /14x100%

401

304

20+

10

Artery occlusion rate (%)

T
T1I0T11T12 L1 L2 L3 L4

Unfracture vertebral

Fig. 3 Occlusion rate of each unfractured vertebral segmental artery
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the IVC group and the non-IVC group (39.69 + 64.49
vs. 9.07£12.18, P=0.041). There was no significant dif-
ference in age, gender, BMI, vertebral avascular risk fac-
tors, thoracolumbar levels (T11-L2), fracture severity, or
compression ratio (P>0.05). Neither the lesion segmen-
tal occlusion rate (LSOR) nor the total occlusion rate
(TOR) showed significant difference between the IVC
group and the non-IVC group (LSOR 20.244-28.08% vs.
9.784+19.56%, TOR 13.834+12.04% vs. 11.5719.25%,
P>0.05) (Table 2).

Discussion

IVC formation in OVCFs was significantly associated
with poor prognosis [4—6]. However, the pathogenesis
of IVC is still controversial. Whether segmental artery
occlusion causes IVC has received much attention.

In this study, the LOSR and TOR were not significant
different between the IVC group and the non-IVC group.
LOSR reflected the local vertebral blood supply, and TOR
reflected the whole vertebral blood supply. This study
indicated that vertebral segmental artery occlusion was
not associated with IVC formation.

In a previous study, Nambu et al. [19] showed that
bilateral segmental artery ligation reduced vertebral
blood perfusion. Lin et al. [11] found that adjacent ver-
tebral marrow poor blood perfusion was associated with
IVC formation. These two studies indicated causality
between segmental artery occlusion and IVC. How-
ever, we concluded the contrary result. Collateral arter-
ies formed to compensate for the vertebral blood supply
when the segmental artery was occluded [18] (Fig. 4).
Therefore, artery occlusion might not completely reflect

Table 2 Comparison of the IVC group with non-IVC group

Factors IVC (n=21) Non-IVC (n=25) P values
Age (years) 7648 £ 1246 7264+12.14 0.297
Gender (female) 15 (71.4%) 17 (68.0%) 0.801
BMI (kg/mz) 2272 +£310 22344294 0.486
Vertebral avascular risk 1) 102 0.563
factors

Thoracolumbar levels 17 (81.0%) 17 (68.0%) 0319
(T11-L2)

Fracture severity (>25%) 10 (47.6%) 9 (36.0%) 0425
CR (%) 7794 (20.26) 81.11(16.83) 0.861
Time from injury to MRI 39.69 £ 6449 9.07 +£12.18 0.041*
(Days)

LSOR (%)° 20.24 +2808 9.78 +19.56 0.156
TOR (%) 13831204 11574925 0476

*P<0.05. Data number (%) are for fracture severity, CR and gender; median (IQR)
for vertebral avascular risk factors; mean + SD for other variables. n= fracture
number,  Two L5 segmental fracture was not included in LSOR calculation. BM/
Body mass index, CR Compression rate, MRl Magnetic resonance image, LSOR
Lesion segmental occlusion rate, TOR Total occlusion ratio
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the vertebral blood supply and could not be used for pre-
dicting IVC formation.

From T10 to L4, there were pairs of segmental arteries
of the vertebrae. The L5 segmental artery was the median
sacral artery, which was not included in the LOSR assess-
ment [20]. We assessed the segmental artery condition
from T10 to L4 and found that segmental artery occlu-
sion was more common in the thoracic-lumbar region.
The thoracic-lumbar region is a transition zone from the
thoracic region to the lumbar region that has the maxi-
mum motion range and sufferes much stress [21]. These
two factors make the thoracic-lumbar region arteries
prone to occlusion. Kim et al. [12] proposed that the ver-
tebral fracture caused segmental arteries occlusion. In
our study, the occlusion rate of the fracture levels was the
same as the total segmental artery occlusion rate. This
result indicated that vertebral fracture was not associated
with segmental artery occlusion.

There were several limitations in this study. This was
not a large-scale study. However, we calculated the sam-
ple size according to previous studies and considered
that the sample size was enough to draw the conclu-
sion. Another weakness was that the detection of IVC
and artery occlusion was at the same time point. Hence,
the influence of vertebral long-term ischemia could not
be assessed. Artery occlusion without IVC formation

Fig. 4 Adjacent segmental artery formed collateral circulation (blue)
to compensate for the ischemic level (red)
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did not indicate that IVC would not form after the MRA
examination. Repeated MRI evaluations might help to
further investigate the association between the IVC and
artery occlusion. Because the patients included in our
study received the vertebroplasty surgery, IVC formation
was impossible to recheck.

Conclusion

This study provided evidence that segmental artery
occlusion did not lead to the IVC. Vertebral compres-
sion fracture was not associated with segmental artery
occlusion.
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