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Intervertebral disc vacuum phenomenon is
associated with Modic changes in the adjacent
endplate: implications for discogenic back pain
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Abstract

Background
Back pain often arises from degenerative changes in lumbar intervertebral discs and their adjacent
endplates. A painful endplate is not easy to identify in patients, but could possibly be revealed by
in�ammatory-like ‘Modic’ changes and by a ‘vacuum phenomenon’ within the disc. We hypothesize that
Modic changes and a VP often co-exist in those lumbar levels most closely associated with back pain

Methods
We scanned 1023 consecutive inpatients of the Department of Orthopaedics from 2015 August to 2018
August, all patients suffered from lumbar degenerative diseases, whether the patients had back pain or
not were evaluated, and the prevalence and location of vacuum phenomenon(VP) and Modic changes
were compared at each spinal level.

Results
5115 discs were studied from 1023 patients. The number of discs showed to have a VP was 430 using
CT, of the 430 discs with a CT-diagnosed VP, 116 were L4-5, and 171 were L5-S1. 522 of the 5115 discs
exhibited Modic changes, with prevalence of type I, type II and type III Modic changes being 1.6%, 8.2%
and 0.4% respectively. Modic changes usually occurred adjacent to L4-5 discs or L5-S1 discs. The
prevalence of back pain was higher in the VP group than no-VP group, VP were signi�cantly associated
with Modic changes Type II at L4/5 and at L5/S1.

Conclusion
VP are closely associated with back pain and Modic changes in the lower lumbar spine. Further
investigations may be warranted when radiographs or CT identify a VP in a lumbar disc.

Introduction
Recent population studies have con�rmed that back pain is closely associated with degenerative
changes in lumbar intervertebral discs[1, 2]. The vertebral body endplates, which consist of a hyaline
cartilage layer weakly bonded to perforated cortical bone, have been speci�cally identi�ed as a pain
source[3] and various endplate defects have been shown to be common in the lower lumbar
spine[4]where they are closely associated with back pain[5].

Painful endplates are not easily identi�ed in individual patients, but they could possibly be revealed by
in�ammatory-like ‘Modic’ changes(MCs), which are visible on MRI scans and which are known to be
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associated with back pain [6, 7]. De Roos[8] �rst described these vertebral endplate signal changes in
1987, and Modic[9, 10]described their clinical and histological features. They can be classi�ed into three
types: Type I lesions (Fig. 1) involve low T1 and high T2 signals, and indicate an ongoing active
degenerative process with vascularized �brous tissue within the bone marrow; Type II lesions (Fig. 2)
involve high T1 and T2 signals, are more stable during a 3-year follow-up, and re�ect fatty replacement of
the bone marrow; Type III lesions (Fig. 3) come later, involve low T1 and T2 signals, and are thought to
associate with endplate sclerosis on plain �lm radiography[10]. The histological nature of type III
changes remains undetermined. Many studies of Modic changes have focused on the lumbar vertebral
endplate and its pathology[11–18].

Another possible indicator of a painful endplate is the presence of a ‘vacuum phenomenon’ (VP) within
the adjacent disc. The VP, which was �rst reported over seventy years ago[19], comprises a localised
radiolucency within the disc, and is presumed to represent a void �lled with water, air or other gas. This
interpretation is supported by the collapse in pressure in the nucleus pulposus of severely degenerated
discs[20], especially following damage to an adjacent endplate[21, 22]. A VP has been reported on 1–3%
of spinal radiographs [23–25], with the incidence rising to 20% in elderly individuals[26]. The �nding is
accentuated on radiographs that are obtained during spinal extension, and obscured on those obtained
during �exion.

It might be expected, therefore, that VP and Modic changes in the lumbar spine should be closely related
to each other, and to the presence of a potentially-painful endplate lesion. A previous study on 200
patients has shown some correspondence between a VP in a lumbar disc (detected by CT) and Modic
changes in an adjacent vertebral body (detected by MRI). The purpose of the present study was to
con�rm this �nding in a larger patient population, and to extend it to include digital radiography (DR)
which is often more widely available. We hypothesize that a VP revealed by DR or CT is a good indicator
of Modic changes and, by implication, of underlying endplate pathology.

Materials And Methods

Patients:
We scanned 1023 consecutive inpatients(452 women and 571 men; mean age, 60.2 years; age range,
37–87 years) of the Department of Orthopaedics who suffered from lumbar degenerative diseases (disc
herniation, canal stenosis, scoliosis, spondylosis and degenerative spondylolisthesis etc) from 2015
August to 2018 August in author’s hospital. Recruitment of patients for the study was limited to
inpatients in the orthopedic wards. All patients underwent the DR, CT and MRI examination. Patients were
excluded if they had an acute vertebral fracture, known or suspected spondylodiscitis, recent spinal
surgery (< 4 months), or a history of malignant tumors. Whether the patients had back pain or not were
evaluated, and we also reviewed the DR, CT and MRI images of these 1023 patients. The presence,
location and type of Modic changes and the presence and location of any VP were assessed. Ethical
approval was obtained from Medical Ethics Committee of the author’s hospital.



Page 4/15

Digital Radiography and Computed Tomography

DR was performed on an X-ray unit (Bucky Diagnost CS, Philips), and CT scans were performed on a CT
scanner (CT-SOMATOM De�nition Flash, Siemens, Germany). A VP was de�ned on CR as linear horizontal
radiolucent gas collection with sclerostic margin or appears in ovoid shape, A VP was de�ned on CT as
spotted, linear or crescent gas collection

Magnetic Resonance Imaging

Lumbar MR images were obtained on a General Electric 1.5-T magnet using a T1-weighted sequence
(repetition time [TR]/echo time [TE], 560 ms/12 ms; �eld of view, 320 × 256; receiver bandwidth, variable;
4.0-mm slice with gap of 1.0 mm; number of excitations, 3), and a T2-weighted sequence (repetition time
[TR]/echo time [TE], 3000 ms/100 ms; �eld of view, 320 × 256; receiver bandwidth, variable; 4.0-mm slice
with gap of 1.0 mm; number of excitations, a VP being de�ned as a region of signal void on T1- or T2-
weighted images.

Imaging evaluation

The DR CT and MRI datasets was independently evaluated by an experienced radiologist and by an
orthopedic surgeon, who were blinded to patient information. A consensus was reached in cases where
there was initial disagreement.

Back Pain

Back pain was determined from interviewing after stay in hospital. Patients were asked “Did you have
complaints of the low back during the last month?” LBP was de�ned to be present if the answer was
positive.

Statistical Analyses

All patient and image interpretation data were collected in an Excel (Microsoft, Redmond, Washington)
database, and analyzed statistically using SPSS 18.0 software (PASW, Statistics, IBM, USA). The inter-
observer reliability was analysed by Kappa test. Associations between VP and low back pain were
assessed using Chi-Square Test, Associations between Modic changes and VP were assessed using
Lamda’s correlation test. Associations between the types of Modic changes and VP were further analyzed
using Chi-Square Test, Logistic regression was used to examine the dependence of VP and Modic
changes on gender and age. P < 0.05 was considered statistically signi�cant.

Results
The inter-observer Kappa values for determining the VP using DR, CT and MR are 0.782, 0.831 and 0.803.
The inter-observer Kappa values for determining Modic changes type I, type II and type III are 0.774, 0.824
and 0.801.
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Vacuum phenomenon:

Of these 1023patients, 279 patients (27.3%) were found a VP at one or more disc levels on their lumbar
CT scan, of the 5115 discs examined in these 1023 patients, 430 discs (8.4%) showed a VP on CT (Figure
4). Digital radiography (DR) was much less sensitive: it identi�ed a VP in 159(3.1%) of 5115 discs, which
were in 132(12.9%) of the 1023 patients. MRI scans showed a VP in 266(5.2%) of 5115 discs, which were
in 181(17.7%) of the 1023 patients. The detailed summary of VP results in Table 1 shows that most discs
with a VP were in the lower lumbar spine: CT results showed a VP in 171 of 1023 discs (16.7%) at the
L5/S1 level, compared to 116 of 1023 discs (11.3%) at the L4/5 level. Curiously, CT identi�ed many more
VP in upper lumbar discs than did MRI, but this difference was less pronounced in the lower lumbar discs.
There was no association between VP and gender or age at any spinal level.

Modic changes:  

Of these 1023 patients, 214 patients (20.9%) were found a MCs at one or more disc levels, and these
changes affected 522(10.2%) of all their 5115 discs. Type I, Type II and Type III changes were seen in 82
discs (1.6%), 419 discs (8.2%) and 20 discs (0.4%) respectively. Modic changes mostly occurred at the L5-
S1 level (225 of 1023 discs; 22.0%) and at the L4/5 level (174 of 1023 discs; 17.0%). There was no
association between Modic changes and gender or age at any spinal level.

Associations between VP and Low back pain:

As shown in Table 2 comparing the prevalence of back pain of VP group and no-VP group; the prevalence
of back pain was higher in the VP group than in the no-pain group(p<0.05)

Associations between VP and Modic changes:

As shown in Table 3 comparing the prevalence of MCs of VP group (by CT) and no-VP group(by CT); the
prevalence of MCs was higher in VP group than in no-VP group(p<0.05). Using Lamda’s correlation test,
we found the presence of a VP by CT was signi�cantly correlated with the presence of Modic changes at
the L5-S1 level (p<0.05) and also at the L4-5 level (p<0.05), but not at other levels (P>0.05). Besides, at
these two levels, associations between types of Modic changes and VP were further analyzed using Chi-
Square Test, we found only Type II signi�cantly correlated with the presence of VP (p<0.05), but not at
other types (P>0.05).

Discussion
The ‘vacuum’ phenomenon represents a void in the nucleus pulposus �lled with air and traces of other
gases from surrounding tissues. A void can be created during disc degeneration by the loss of
proteoglycans and water from the nucleus pulposus[27] or following endplate damage which allows the
endplate to bulge into the vertebral body. In either case, the nucleus becomes ‘stress-shielded’ by the
annulus, so that the pressure within it can fall almost to zero[20, 22]. Clefts from the nucleus can extend
into �ssures in the annulus, which can also become voids during movements such as hyperextension,
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and appear as a radiolucent area in the discal space in radiographs and CT scans. Alternatively, spinal
�exion can cause the VP to decrease in size or even disappear. Hence, the presence of a VP identi�ed by
radiographs has long been equated with the presence of “degenerative” disc disease[23, 26]. In each
instance, the location and appearance of the gas would appear to indicate the position and extent of cleft
formation within the disc, thus providing information as to the nature of the underlying process. Other
possible causes of VP include infection (which is also closely associated with Modic changes[28]),
osteonecrosis, skeletal metastasis, Schmorls nodes, alkaptonuria, chymopapain chemonucleolysis, and
surgical discectomy. Similar phenomena occur in synovial articulations: when vigorous movements
distract the apposing articular surfaces, if there is little synovial �uid within the articular cavity, the
increasing joint space creates a negative pressure, attracting gas from surrounding extracellular spaces
and causing the familiar ‘popping’ sound.

On MRI scans, the classic appearance of a VP is a region of signal void on T1- or T2-weighted images.
However, MRI is less sensitive in detecting VP compared with CT[29], as shown here in Table 1. Plain
radiographs (DR) detect far fewer VP than CT because CT can remove the illusion caused by overlapping
gas in intestines, alveola, or subcutaneous fat fold.

Although a VP is considered to mark end stage disc degeneration, the nutrition still may enter the disc
space via the transudate from the diffusion pathway. It has been suggested that �uid �ow into and within
the disc may enhance the transport of larger molecules[30, 31], and it is now understood that endplates
do not generally become less permeable as age and degeneration progress[32].

Studies showed that VP could be related to low back pain, when standing up or rolling over, which may
cause pressure changes in the intervertebral discs[33, 34]. Similarly, studies demonstrated that low back
pain might be aggravated by atmosphere depression in patients with lumbar disease associated with
VP[35]. And our research found that the prevalence of back pain was higher in the VP group than in the
no-VP group, which con�rmed that VP should be related to low back pain

Many studies have investigated Modic changes, and it is evident that biomechanical and biochemical
factors are both important. As the spine is a nonlinear viscoelastic structure and its vertebral body and
endplates are ‘weak links’, Adams et al. [22]concluded that the loss of the nucleus pulposus, resulting
from bulging into the adjacent vertebra, or desiccation and dehydration for severe degeneration, could
cause stress concentrations on the endplates and subchondral bone trabeculae, resulting in the
occurrence of microfractures. Increased communication between the vertebral bone and the disc nucleus
could lead to in�ammation, Modic changes, and infections[28]. Disc prolapse may also create Modic
changes, because many herniations of disc material include hyaline cartilage which is presumably pulled
off the underlying endplate, exposing cortical bone with many large perforations in it. Such events may
explain the endplate ‘erosions’ which are common in the lower lumbar spine[4] where they are closely
associated with Modic changes[36], and pain[5]Mechanical events readily explain why Modic changes
are most common at the lowest two levels[36].
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The prevalence of Modic changes varies from 18 to 62% in the patients with LBP, with different ratios for
each type[7, 9, 37–40]. According to the results of previous studies, type I and type II are the most
common patterns in the lumbar spine, although it is uncertain whether type II is more frequent than type I.
Chung et al.[41] found 11 type I and 38 type II Modic changes in 590 lumbar vertebral endplates of 59
asymptomatic subjects. Weishaupt et al.[42], reported a distribution of 2% type I, 7% type II, and 2% type
III. These studies showed type II is more frequent than type I, as in the present study.

In our study, we found that the presence of a VP was signi�cantly correlated with the presence of Modic
changes at the L5-S1 level and also at the L4-5 level, and we think that the endplate degeneration might
be the origination of the VP. Due to the endplate calci�cation and activated cytokines, the transport
pathway of the nutrition for the intervertebral disc was blocked, resulting in the metabolic unbalance and
decrease of the synthesis of matrix structural proteins. It could promote the matrix decomposition,
causing the quantity of matrix to decrease and the stress in intervertebral disc to change. As a result, the
structure of intervertebral discs became unstable. While compression happened, the intravertebral cleft
could occur and be gradually �lled with gas, which may cause low back pain and aggravate the
intervertebral discs.

Our study has some limitations. The relatively small sample size prevented us from seeking to correlate
the severity of VP (re�ected as the percentage of the volume of VP in disc) and the severity of Modic
changes, as suggested by Wang et al.[43], and it probably explained why VP and Modic changes did not
increase with age, as might be expected[36].

Nevertheless, we suggest that the results of the present study have clinical signi�cance. They show that
the presence of Modic changes can be anticipated by �nding a VP on CT or plain radiographs. Recent
research is showing how endplate lesions (as indicated by Modic changes) are strongly implicated in
endplate injury, in�ammation, infection and pain, so that the radiographic demonstration of a VP may be
considered grounds for further imaging studies in patients with low back pain.
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Tables
Table 1. The distribution of discal segments with VP on DR, CT and MRI

  L1-2 L2-3 L3-4 L4-5 L5-S1

DR 6 10 26 53 64

CT 34 53 56 116 171

MRI 20 27 30 73 116

 

 

Table 2 The association between VP and Low back pain

                                Back pain                      No-pain

VP                183                          96                                    

No-VP              94                           650

 

 

Table 3 The association between VP and MC

 

                                  MC                        No-MC

VP                183                         96                                    

No-VP              31                          713



Page 13/15

Figures

Figure 1

Modic changes type I: Low signal intensity on the endplate of L5 on T1 image, but high signal on T2
image.
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Figure 2

Modic changes type II: High signal intensity on both T1 and T2 image L4-5).
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Figure 3

Modic changes type III: Low signal intensity on both T1 and T2 image L5-S1).

Figure 4

Vacuum phenomenon on MRI, CT and DR.


