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Abstract
Study design A retrospective study.

Purpose Some studies have found the correlation between traumatic vertebral fractures and intervertebral disc
vacuum phenomenon (IVP), but the study about relationship between thoracolumbar fractures and IVP at one year
after fracture is lacking. Therefore, the purpose of this study was to analyze the prevalence of fracture-associated IVP
(FAVP) in patients with thoracolumbar spine fracture at 1 year postoperatively and discover the related factors.

Methods This study included patients admitted to the spine surgery department of a university hospital from
January 2016 to December 2021 after traumatic single-segment thoracolumbar fractures. VP was categorized using
computed tomography (CT), and the patient’s gender, age, fracture type, trauma mechanism, 1-year postoperative
outcome of the intravertebral shell phenomenon (ISP), degree of vertebral repositioning, and LSC score were
recorded. The correlation between each factor and FAVP was analyzed by Pearson’s Chi-square and Student’s t test.

Results A total of 236 patients with traumatic single-segment thoracolumbar fractures were included in the study.
All patients underwent CT scanning preoperatively, within 3 days postoperatively, and about 1 year postoperatively.
71 patients developed IVP at 1 year postoperatively, of which 47 had FAVP and 24 had degeneration-associated IVP
(DAVP). There was a significant correlation between age and both FAVP or DAVP (P < 0.05). There was a significant
correlation between fracture type, LSC score, trauma mechanism, and 1-year postoperative outcome after ISP and
FAVP (P <0.05).
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Conclusion Patients with thoracolumbar fractures have a higher incidence of postoperative FAVP. FAVP is more likely
to occur in patients with an enlarged vertebral cavity 1 year after surgery for the ISP. FAVP needs to be taken into
consideration when treating patients with high-energy trauma and older burst fractures.

Keywords Thoracolumbar fracture, Vacuum phenomenon, Disc degeneration, Associated factors, Computed

tomography scanning

Background

Intervertebral vacuum phenomenon (IVP) was first
described by Magnusson in 1937, referring to the radio-
logic manifestation of a gaseous collection in the inter-
vertebral disc space at one or more spinal levels, most
commonly in the lumbar spine region [1]. In 1942,
Knutsson described the IVP as an indicator of disc
degeneration, suggesting that intradiscal gas mani-
fests in various tissue fissures, which typically signifies
disc injury [2]. Therefore, IVP cannot exist in a normal
healthy disc. However, IVP is not only occured in degen-
erative diseases of the spine but also equally likely to hap-
pened after trauma to the spinal vertebrae resulting in
vertebral collapse. Friederike Schomig [3] and Wang et
al. [4] identified a higher incidence of intravertebral pres-
sure (IVP) in thoracolumbar burst fractures, particularly
in cases involving endplate injuries. Despite the discovery
of IVP nearly a century ago and the extensive research on
the association between post-traumatic vertebral frac-
tures and IVP, the clinical implications of IVP concerning
long-term bone non-healing following vertebral fracture
surgery remain ambiguous.

In 1983, Denis first proposed the three-column the-
ory of the spine and categorized spinal fractures into
compression and burst fractures, laying a good founda-
tion for the treatment of spinal fractures [5]. The subse-
quent more detailed AOSpine typing, TLICS score, and
LSC score all play an important role in guiding the clini-
cal management of spinal fractures. However, further
research is needed on disc injuries due to spinal frac-
tures. Previous studies have proposed that in patients
with traumatic fractures of the thoracolumbar spine,
based on MRI and MDCT, approximately 65-82% of
patients have concomitant disc damage adjacent to the
injured vertebrae [6, 7]. Even patients with osteoporotic
vertebral fractures have an incidence of over 60% [8, 9].
These traumas may accelerate disc degeneration, leading
to symptoms such as spinal instability and chronic back
pain [10-12]. The results of the study by Fang et al. [13]
showed that about 37.4% of the patients had enlarge-
ment of the vertebral cavity or vertebral collapse, and
appeared to present with IVP of the adjacent discs. Since
disc injury affects the overall stability of the spine, it is
critical to understand the relationship between postoper-
ative fracture-associated IVP (FAVP) and traumatic ver-
tebral fracture for the treatment of patients. The aim of
this study is to understand the incidence of FAVP and to

analyse the relevant factors influencing FAVP and degen-
erative IVP(DAVP) by analysing the case and imaging
data of patients with thoracolumbar vertebral fractures,
in order to provide valuable guidance to clinicians in the
management of such patients.

Materials and methods

Study population

This retrospective study included patients admitted to
the Department of Spine Surgery of a university hospi-
tal from January 2016 to December 2021 after surgery for
traumatic thoracolumbar fractures. All included patients
underwent preoperative and postoperative CT scans, and
all were reviewed with CT scans at 1 year postoperatively.
Inclusion criteria: (1) Denis classification of compression
or burst single-segment thoracolumbar (T11-L2) fracture
[5]; (2) Postoperative CT scan suggesting injured verte-
brae with ISP. Exclusion criteria: 1. inadequate imaging;2.
pathologic fracture (i.e., known osteoporosis or malig-
nant disease). A total of 237 patients were enrolled in the
study. Surgical methods included 165 cases of percutane-
ous repositioning pedicle screw internal fixation and 72
cases of incisional repositioning pedicle screw internal
fixation. The study protocol was reviewed and approved
by the Hospital Ethics Committee.

Observed indicators

The cases of the included patients were reviewed and the
gender, age and trauma mechanism of the patients were
collected. Taking into account previous studies [15] and
the German guidelines for the treatment of patients with
serious injuries [16], we classified the trauma mecha-
nism into a total of 2 categories:1. Low-energy trauma:
falls from less than 3 m and falls from standing height; 2.
High-energy trauma: falls from more than 3 m and traffic
accidents.

Imaging indicators

According to Denis fracture typing, we classified pre-
operative CT scan fracture types into compression and
burst fractures [5]. Based on previous studies [3] and a
novel IVP classification method developed by Gaston
Camino Willhuber et al. [17], we defined IVPs adjacent
to the cephalad or caudal end of the fractured vertebrae
as FAVP and the remaining IVPs as DAVP (Fig. 1). Based
on the findings of Fang et al., we defined ISP as the first
postoperative CT scan of the injured vertebrae with an
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Fig. 1 Schematic diagram of IVP and ISP. (A) The dashed area in the figure is the ISP. (B) The low-density region shown by the arrow is DAVP. (C) The low-

density region shown by the arrow is FAVP

Fig. 2 Schematic diagram of 1-year postoperative outcomes of ISP. From left to right, preoperative sagittal CT, preoperative horizontal CT, first postopera-
tive sagittal CT, and second postoperative CT. (A)(B)(C)(D) Cavity shrinkage. Male, 34 years, traffic accident, burst fracture type B, LSC 7 points, the second
follow-up CT at 13 months postoperatively suggested cavity shrinkage but with FAVP. (E)(F)(G)(H) Male, 56 years, falls from >3 m, burst fracture type C,

LSC 6 points, the second follow-up CT at 13 months postoperatively suggested cavity enlargement but with FAVP

eggshell hypodense shadow, and defined outcomes after
1 year of ISP as 2 categories: 1.reduced volume or com-
plete healing of the vertebral body cavity, 2.expansion
of the vertebral body cavity with invasion of the adja-
cent endplate, resulting in endplate collapse and disc
invagination(Fig. 2). The effect of fracture comminu-
tion on IVP was evaluated using the Load sharing clas-
sification (LSC) for thoracolumbar fractures proposed by
McCormack et al. in 1994 [18]. Degree of vertebral body
repositioning: The height of the injured vertebra was

taken as the average of the sum of the heights of the adja-
cent upper and lower vertebrae and considered excellent
when >80%; and poor, < 80%. We involved three inde-
pendent and unbiased clinicians with substantial clinical
experience in the collection of imaging data.

Statistical methods

All statistical analyses were performed using SPSS statis-
tical software (version 27.0; IBM Corporation, Armonk,
NY). P values less than 0.05 were considered to indicate
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Table 1 Fracture types, patient characteristics and FAVP distribution
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Fracture type Fracture subtype Patients (n) Ages (years, mean+SD) LSC (score, mean +SD) FAVP (n)
Compression Fractures A 15 (6 4%) 59047+837 553+242 0 (0%)
B 4 (10.2%) 59.63+1538 554+2.36 3(6.4%)
C 1(4.7%) 57.78£6.65 527+224 2 (4.3%)
D 29 (12.3%) 5952+11.12 448+2.29 3(6.4%)
Burst Fractures A 52 (22.0%) 60.58+8.76 6.19+1.41 13 (27.7%)
B 70 (29.7%) 59.37+£9.39 591+£144 17 (36.2%)
C 21 (8.9%) 61.52+8.80 6.24+1.41 6 (12.8%)
D 12 (5.1%) 63.75£892 642+1.51 2 (4.3%)
E 2(0.8%) 45.00+4.24 8.50£0.71 1(2.1%)
SD=standard deviation;
FAVP =Fracture-associated intervertebral vacuum phenomenon
LSC=Load sharing classification
Table 2 Trauma mechanism, patient characteristics and FAVP distribution
Type of trauma Trauma mechanism Patients (n) Ages(years, mean+SD) LSC (score, mean +SD) FAVP (n)
Low-energy trauma Fall from <3 m 22 (9.3%) 62.14+11.76 5.59+2.09 7 (14.9%)
Fall from standing height 6 (36.4%) 58.73+9.56 5.60+1.60 8 (17.0%)
High-energy trauma Fall from >3 m 76 (32.2%) 6243+7.84 6.13+1.88 26 (55.3%)
Traffic accidents 2 (22.0%) 58.19+11.65 6.03+1.70 6 (12.8%)
SD=standard deviation
FAVP =fracture-associated intervertebral vacuum phenomenon
LSC=Load sharing classification
statistical significance. Student’s t test was used to ana- 40+ B Non-IVP
lyze the correlation between age, LSC and IVP. Pearson’s I DAVP
Chi-square was used to analyze the correlation between 30 B FAVP
gender, trauma mechanism, 1-year postoperative ISP =
outcome, fracture type and IVP. In light of the potential 7
for surgical methodology to act as a confounding factor, 5 207
it was deemed inappropriate to incorporate it as an ana- 5
lytical factor within the statistical analyses. 10
Results 0

General information

A total of 237 postoperative thoracolumbar fracture
patients were included in the study, of which 95 were
males and 141 were females. The mean age was 58.37
years (58.37 £10.81 years). The time to the first postop-
erative review CT scan was 2.05 days (2.05+0.84 days),
and all patients completed the second CT scan at a mean
of 341.76 days (356.89 +62.38 days) postoperatively. The
injured vertebrae with 237 fractures were T11 in 3 cases,
T12in 57 cases, L1 in 124 cases, and L2 in 52 cases. There
were 79 compression fractures and 157 burst fractures.
Subtypes of compression fractures were categorized as
15 type A, 24 type B, 11 type C, and 29 type D fractures;
subtypes of burst fractures were categorized as 52 type A,
70 type B, 21 type C, 12 type D, and 2 type E fractures
(Table 1). Among the trauma mechanism, the total num-
ber of patients with low-energy trauma was 108, includ-
ing 86 cases of falling from a standing height and 22 cases
of falling from a height of less than 3 m. The total number
of patients with high-energy trauma was 128, including

1 2 3 4 5 6 7 8 9
LSC (score)

Fig. 3 Distribution of IVP in patients with each LSC score

52 cases of traffic accidents and 76 cases of falling from
a height of more than 3 m (Table 2). The total number
of patients with excellent postoperative vertebral repo-
sitioning of thoracolumbar fractures was 161, and the
total number of patients with poor repositioning was 75.
The mean LSC for the injured vertebrae was 5.31 scores
(5.31£2.39 scores) (Fig. 3).

Correlation of IVP with age and gender

A total of 71 of the 236 patients had IVP in the adjacent
discs of the fractured vertebrae, including 47 FAVP and
24 DAVP. Analysis of the relationship between the frac-
tured vertebrae and the two IVPs in all patients showed a
significant difference between age and DAVP (P<0.001),
and a similarly significant difference between age and
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FAVP (P=0.017) (Fig. 4). However, there was no sig-
nificant correlation between either DAVP (P=0.429) or
FAVP (P=0.665) and gender (Fig. 5).

Correlation between IVP and trauma mechanism

There was a significant correlation between FAVP and
the trauma mechanism (P=0.026) and no significant
correlation between DAVP and the trauma mechanism
(P=0.429) (Fig. 5). Among all the fracture patients, a
total of 128 patients belonged to high-energy trauma,
including 35 (25.1%) patients with FAVP, and 108 (45.7%)
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patients belonged to low-energy trauma, including 15
(13.8%) patients with FAVP (Table 2).

Correlation between IVP and 1-year postoperative ISP
outcomes

There was a significant correlation between FAVP and
1-year postoperative ISP outcomes (P=0.018) and no sig-
nificant correlation between DAVP and 1-year postoper-
ative ISP outcomes (P=0.500) (Fig. 5). Among all fracture
patients, a total of 99 patients (41.9%) had an ISP cavity
enlargement and 137 patients (58.1%) had an ISP cavity
reduction on the second postoperative review CT results.
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Fig. 4 Student’st test results. (A) Significant correlation between DAVP and age. (B) Significant correlation between FAVP and age. (C) No significant cor-
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Table 3 ISP 1-year postoperative outcomes, patient
characteristics, and FAVP distribution

1-year post- Patients Ages (years, LSC(score, FAVP (n)
operative ISP (n) mean+SD) mean+SD)

outcomes

Cavity shrinkage 137(58%) 59.60+9.14 574+1.90 20(42.6%)
Cavity 99(42%)  60.85+10.89 581+1.83  27(57.4%)

enlargement

SD=standard deviation
FAVP =fracture-associated intervertebral vacuum phenomenon

LSC=Load sharing classification

A total of 27 patients (57.4%) with an ISP cavity enlarge-
ment developed FAVDP; a total of 20 patients (42.6%) with
an ISP cavity shrinkage developed FAVP (Table 3).

Correlation between IVP and fracture type or LSC

Of all the fractured patients included, L1 fractures
(n=124, 52.5%) were the most common, followed by T12
fractures (n=57, 24.1%) and L2 fractures (n=52, 22%),
and the least common was T11 fractures (n=3, 1.2%).
There was a significant correlation between fracture type
and FAVP (P=0.005), whereas there was no significant
correlation between DAVP and fracture type (P=0.363)
(Fig. 5).

There was a significant correlation between fracture
type and FAVP (P=0.005) and no significant correla-
tion with DAVP (P=0.363) (Figure. 3). Among patients
with FAVDP, there were 39 (82.9%) burst fractures with

categorized subtypes including 13 type A, 20 type B, 8
type C, 5 type D, and 1 type E fractures; and 8 (17.1%)
compression fractures with categorized subtypes includ-
ing 0 type A, 3 type B, 2 type C, and 3 type D fractures
(Table 1).

For the assessment of LSC for vertebral fracture com-
minution, there was a significant correlation between
FAVP and LSC (P=0.009), whereas there was no sig-
nificant correlation between DAVP and LSC (P=0.176)
(Fig. 4).

Correlation between IVP and degree of vertebral
repositioning

There was no significant difference between the degree of
repositioning of the fractured vertebrae and either FAVP
(P=0.672) or DAVP (P=0.701) (Fig. 5).

Discussion

In this study, there was a strong correlation between age
and IVP, both DAVP and FAVP. After a fracture occurs
in the vertebral body, especially with endplate damage,
it will reduce the blood supply to the neighboring discs
and accelerate disc degeneration [19]. Takeshi Sasagawa
et al. [20] collected data on 94 intervertebral discs on
the cephalad and caudal sides of 47 fractured verte-
brae in 45 patients with traumatic thoracolumbar spine
fractures due to high-energy injuries, and showed that
cephalad and endplate fractures of the vertebral body
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were independent risk factors for IVP. In this study, the
mean age of the included patients was 58.37 years, and
the overall prevalence of IVP was 30.1%, with FAVP being
19.9%, so IVP is not uncommon in older patients, and
trauma to the vertebral body and intervertebral discs can
increase its incidence.

There is no consensus on the best treatment for
patients with thoracolumbar fractures without neuro-
logic symptoms. However, in both conservative and sur-
gical treatments, clinicians have paid little attention to
the injury to the disc adjacent to the fracture and have
not treated the injured disc appropriately. Previous stud-
ies [21, 22] have found that in traumatic thoracolumbar
fractures, the presence of concomitant disc injury or IVP
can lead to the development of kyphosis. Typically, trau-
matic forces in the spine are directed from top to bot-
tom, with mechanical stresses being greater at the upper
end of the vertebrae. This means that the cephalad end
of the vertebrae will be more susceptible to fracture and
endplate injuries at the cephalad end are also more likely
to occur. In 2013, wang et al. [4] studied 26 patients with
single-segment A3 thoracolumbar fractures and found
a strong correlation between cephalad endplate fracture
and disc degeneration, and concluded that disruption of
the endplate trophic pathway was also associated with
disc degeneration. There are also other studies that have
found disc degeneration to be readily present in vertebral
burst fractures [22]. Our study results showed a signifi-
cant correlation between fracture type and FAVP, which
was more likely to occur in patients with burst fractures.
The overall data suggest that Type B is most common
in patients with FAVDP, followed by Type A and Type C,
in both burst and compression fractures. All three sub-
types of fractures were accompanied by fractures of the
endplate, which is consistent with previous studies. In
addition, we applied LSC for assessing the degree of com-
minution of the fractured vertebrae as well as the degree
of discrete fracture fragments, and the results showed
a significant correlation between LSC and FAVP, and
the higher the score of LSC, the higher the frequency of
FAVP.

The current conventional surgical treatment for tho-
racolumbar fractures usually involves internal fixation
of the fracture using a pedicle screw-rod system, which
maintains the overall stability of the spine and provides
for healing of the injured vertebrae. However according
to the study of Fang et al. [13], nearly 80% of the patients
with thoracolumbar spine fracture had different degrees
of ISP after posterior reduction and internal fixation, and
the review of CT at 1 year after the surgery showed that
the vertebral cavity was enlarged in 37.4% of the patients.
The essence of ISP is the area of substantial hypodense
bone defects observed on CT scans. After the verte-
bral body has been traumatized, the trabeculae within
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the vertebral body are disarranged or even broken, and
are unable to support the vertebral body; and the frac-
ture fragments are discrete and the vertebral body is
severely fragmented, making it difficult for the vertebral
body to heal. After internal fixation of an injured verte-
bra, although the shape of the vertebral body is generally
restored, the bone inside the vertebral body is not com-
pletely aligned, so there are areas of low-density bone
defects of varying degrees [23]. This is the vertebral cav-
ity. In some patients with ISP, the cavity fails to close and
even further enlarges to encroach on the upper and lower
endplates, cutting off the blood and nutrient supply to
the neighboring discs, ultimately leading to vertebral col-
lapse, internal herniation of the discs, and the develop-
ment of IVP [24]. All patients included in this study were
patients who underwent internal fixation surgery and
underwent CT scan review within 3 days of surgery and
about 1 year after surgery. The results showed FAVP in
27.2% of patients with enlarged vertebral cavities. Fang et
al.'® found that the degree of repositioning of the injured
vertebrae was the only factor influencing the 1-year post-
operative outcome of ISP. So we conducted research for
the relationship between the degree of repositioning of
the vertebrae and FAVD, and the results showed no signif-
icant correlation. This might be due to the fact that their
study did not incorporate factors such as patients’ activ-
ity characteristics and nutritional status at 1 year after
surgery, so inconsistent results occurred.

In the last few years, there have been an increas-
ing number of studies confirming the close association
between traumatic fractures and IVP. However, there is
a lack of data for the relationship between ISP and IVP
in fractured vertebrae, so we designed this retrospective
study to understand the relationship between traumatic
vertebral fracture and FAVP at 1 year postoperatively.
Overall, in vertebrae with endplate injury and verte-
bral body collapse from various causes, especially in the
elderly, disc degeneration is more severe and the inci-
dence of IVP is significantly higher. Symptoms such as
kyphosis, spinal instability, and chronic back pain caused
by IVP also need to be considered by clinicians when
treating patients with thoracolumbar fractures.

The current treatments for IVP include conservative
therapy and cemented discoplasty. However, in the early
stages of fracture treatment, especially for patients with
high-risk factors for FAVP, whether to simultaneously
perform preventive treatment on adjacent intervertebral
discs remains to be further explored. Excessive interven-
tional treatment may also bring additional unpredictable
risks and consequences.

Limitations
There are some limitations to this study. As a single-cen-
tre retrospective study, there was variability in the results
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of follow-up of patients. Due to the high heterogeneity of
fracture patients, selection bias was low at initial selec-
tion, but we may have a higher selection bias when select-
ing patients with concomitant ISP. The follow-up period
was short and the relationship between ISP and FAVP
was not clear for more distant periods. Because it was a
study of patients with internal fixation, the relationship
between fractured vertebrae after removal of internal
fixation implants and FAVP was also unclear. In addition,
we lack multivariate analyses of larger homogeneous
groups in prospective studies to increase the reliability of
results and conclusions. Finally, our classification for VP
was based on CT findings at a single time point, so there
may be misclassification between DAVP and FAVP.

Conclusion

FAVP is common in postoperative patients with thoraco-
lumbar fractures, and the incidence is especially higher
in patients with an enlarged ISP cavity at 1 year after sur-
gery. Clinicians need to consider the long-term effects of
disc injury and FAVP on patients when developing treat-
ment plans regarding high-energy trauma, older patients
with thoracolumbar burst fractures.Because of the cor-
relation between ISP and bone mineral density, further
study of the potential correlation between bone mineral
density and FAVP may be warranted.
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