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Abstract. In this review, we explored the progress of the 
pathogenesis of Kümmell's disease intravertebral vacuum. 
Using different expressions of the same disease including 
‘Kümmell's disease’, ‘avascular necrosis after vertebral 
compression fracture (VCF)�����������������������������������’, ‘post-traumatic vertebral osteo-
necrosis’, ‘vertebral pseudarthrosis’, ‘intravertebral vacuum 
(cleft or gas)’, ‘delayed vertebral collapse’, ‘VCF nonunion’, and 
by conducting a search of the PubMed database, we analyzed 
the results to examine the pathogenesis of the intravertebral 
vacuum of Kümmell's disease after referring to pertinent liter-
ature on intravertebral vacuum of ischemic necrosis after VCF, 
and exploring the progress of pathogenesis of this disease. A 
number of discrepancies were identified within the patho-
genesis of the intravertebral vacuum after VCF. There were 
statements such as avascular necrosis of the vertebral body, 
bone biomechanics, gas forming and other types of claims, 
all of which obtained clinical and biomechanical supporting 
evidence. Collectively, most of the researchers believe that 
Kümmell vertebral fracture syndrome was the comprehensive 
effect of multiple factors including osteoporosis, avascular 
necrosis of the vertebral body, and biomechanical changes 
following fracture. However, there are a number of discrepan-
cies to be resolved and future studies are therefore needed.
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1. Introduction

Kümmell's disease is also known as avascular necrosis after 
osteoporotic vertebral compression fracture (OVCF) and was 
first reported by Herman Kümmell in 1895, after which there 
were few detailed studies. Other terms used to describe this 
disease include avascular necrosis after VCF, post-traumatic 
vertebral osteonecrosis, vertebral pseudarthrosis, intraverte-
bral vacuum, cleft or gas, delayed vertebral collapse, and VCF 
nonunion (1).

In the recent two or three decades, with the development 
of computed tomography (CT) scan, magnetic resonance 
imaging (MRI) and other imaging examination methods, there 
is a rapid increasing trend of reported cases of this disease. 
According to the literature, the incidence of this disease in 
OVCF cases in elderly individuals accounts for 7-37% (1). 
With the development of the aging population, the incidence 
has increased and has largely reduced the quality of life and 
expected lifespan of patients (2).

The intravertebral vacuum of Kümmell's disease usually 
occurs after osteoporotic VCFs of the middle-aged and 
elderly, which suggests that its occurrence was associated with 
osteoporosis. The pathogenesis of this disease may lie in tiny 
fractures occurring due to osteoporosis. Additionally, small 
blood-supplying artery in vertebral body is damaged due 
to tiny fractures and the vertebral blood supply is affected, 
leading to both parties interacting with each other and causing 
more serious blood vessel injuries. Thus osteoporosis is always 
regarded as one of the pathogenesis of vertebral avascular 
necrosis (3). In addition, previous findings showed that bone 
density was negatively correlated with the occurrence rate of 
intravertebral vacuum (2). From a pathological perspective, the 
decrease of osteoblasts of patients with osteoporosis was also 
considered as one of the risk factors of increasing vertebral 
ischemia incidence.
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In recent years, the particular ‘intravertebral vacuum’ of this 
disease has led to increased and investigations. The majority of 
scholars hold the view that osteoporosis was merely the basis 
of this disease and other factors of equal importance should 
be considered. Studies were performed with clinical imaging, 
on pathological and other aspects of Kümmell's disease and 
much valuable information was obtained (1-3). However, there 
are many factors leading to the occurrence of intravertebral 
vacuum of Kümmell's disease, thus its pathogenesis remains to 
be determined, and many discrepancies exist (4).

The present study was based on recent study results world-
wide, especially the most popular imaging studies, which have 
drawn conclusions, and provide assistance for the clinical 
treatment strategies of this disease.

2. Causes of vertebral avascular necrosis

The majority of case studies support this argument and 
following an analysis of patients' disease history, the causes 
of bone avascular necrosis can be found in most of the 
patients, including long-term glucocorticoid treatment history, 
vein hardening, diabetes, alcoholism, pancreatitis, radiation 
therapy, acute trauma, tumor, and infection (1-3). Vertebral 
artery becomes narrow and the blood supply of the vertebral 
body is reduced due to atherosclerosis, fat embolism or degene
ration. Benedek et al (5) described the two sides of Kummell 
disease. Firstly, after the initial injuries, the vertebra was not 
fully healed, or after healing was completed, the affected 
vertebra remained weakened. Secondly, the reparative process 
may involve the impairment of the blood supply, reaction to 
intra-osseous hemorrhage, and herniation of nucleus pilposus 
into the vertebral body. Repeated minor external forces 
lead to further progress in minor fractures, and ultimately 
lead to vertebral collapse fracture. Animal experiments by 
Drescher et al suggested that if methylprednisolone was used 
in pig vertebral body, the reduction of blood supply in loose 
bones of C6 and L6 vertebral body and the bottom of end plate 
leads to the small avascular necrosis of trabecular bone (6). 
This results in the phenomenon formation of similar vertebral 
body intravertebral vacuum, thus glucocorticoid is regarded as 
a crucial induciton factor of vertebral body bone nonunion and 
vertebral body intravertebral vacuum.

3. Air formation in vertebral body intravertebral vacuum

As for iconography, the vertebral body intravertebral vacuum 
of X-ray film usually appears as horizontal linear low-density 
air shadow, a small amount appears as quasi-circular shadow 
and located at the center of vertebral body or the side closer to 
compression vertebral body end plate. Occasionally it changes 
significantly, which means the air shadow expands when 
staying at extension position or dragging vertebral body, while 
it shrinks or even disappears at a fixed position (7). During the 
process of operating CT, the diagnostic rate of intravertebral 
vacuum was slightly higher than that of X-ray as patients are 
mostly in the supine position, which appears as the irregular 
air shadow on cross section, but there is no essential difference 
from X-ray film (8). Considering the imaging diagnosis, CT 
scan may not be regarded as reliable evidence for the diag-
nosis and identification of Kümmell's disease. MRI has been 

widely applied in diagnosing Kümmell disease. Generally 
speaking, intravertebral vacuum on MRI appears as horizontal 
ribbon‑like non-signal area on T1‑ or T2‑weighted images (9). 
However, it may appear as different signals according to 
the difference of IVC exudate. When the exudate was gas, 
it appeared as a low signal on T1‑ and T2‑weighted images. 
When the exudate was liquid, it appeared as low or high 
signal on T1‑ and T2‑weighted images, respectively. Yu et al 
showed that vertebral fractures may have a vacuum effect, 
liquid phenomenon or be gas-liquid (10). The three imaging 
processes vary with regard to posture and length of bedrest 
time change. It means that liquid enters into the fracture gradu-
ally and replaces gas while the patient is in supine position.

Besides vertebral body, fracture sign also appears in 
intervertebral disks and other tissues. In recent years, the 
connection between fracture sign of vertebral body and that of 
intervertebral disks has been shown. Lafforgue et al reported 
that vertebral body with fracture sign is often accompanied 
with fracture sign of adjacent intervertebral disks, while 
vertebral body without fracture sign is rarely accompanied 
with fracture sign of adjacent intervertebral disks, while gas of 
part of vertebral body and intervertebral disks communicate 
with each other via endplate of fracture (8). Thus, the authors 
believed that fracture sign of intervertebral disks is formed 
because gas of intervertebral space passing the endplate 
fracture and diffusing to vertebral cavity. Karasick and Eason 
reported that gas cavity of fracture sign usually occurs in 
intervertebral disks and pseudo‑articular surface and it was 
considered that gas can exacerbate the defect formation of 
vertebral endplate (11).

Besides gas formation and migratory routes, Armingeat et al 
analyzed gas composition (9). It was evaluated that there was 
90-92% nitrogen in vertebral body according to prospective 
iconography, which was in accordance with gas composition 
from adjacent intervertebral disks.

4. Avascular necrosis of vertebral body

It is known that ischemic necrosis of bone often occurs in bone 
tissues that have mainly a single blood supply from terminal 
artery and is easier to cause ischemia after suffering injury 
and other factors, such as humerus and caput femoris. In 
anatomy, blood vessels of thoracic and lumbar vertebral body 
are derived from rami centrales of bigeminal segmental artery. 
The rear of two adjacent vertebral bodies were supplied by its 
rami posterior while anterior 1/3 of it were supplied by single 
blood supply from the terminal artery and collateral branch 
was used for recycling, which may increase the risk of insuf-
ficiency of the anterior 1/3 of blood vessels of the vertebral 
body. Interruption of blood supply and insufficiency of neovas-
cularization of bone marrow are the likely causes of avascular 
necrosis of the vertebral body (12). The results were in concor-
dance with those regarding vertebral collapse of Kümmell's 
disease, which often occurs in the anterior 1/3 of vertebral 
body clinically (13). In addition, the increase of marrow cavity 
pressure caused by enterorrhagia may lead to a proportionate 
decrease in adipocyte size and blood flow of bone, which is 
also one of the factors that cause avascular necrosis of the 
vertebral body (14). In the study by Miller and Virkus, patients 
received spine blood vessel mammography which confirmed 
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that reduction, shortage, or even closure of blood supply of 
vertebral body indicated that vertebral collapse is caused by 
insufficiency of vertebral blood supply based on part of verte-
bral collapse of vertebral fracture (15).

In pathology, the pathological manifestations of Kümmell's 
disease vertebral fracture signs are mainly osteonecrosis. In the 
study by Libicher et al 180 patients underwent vertebroplasty 
iconography and pathological biopsy (16). The results showed 
that of 12 patients diagnosed with osteonecrosis, 11 cases had 
vertebral fracture signs. Thus, CT manifestations of vertebral 
fracture sign are associated with pathology, suggesting that 
fracture sign can be regarded as a symptom of partial vertebral 
osteonecrosis and nonunion (rate of susceptibility was 85%, 
specificity was 99%, and positive predictive value was 91%). 
Lin et al reported recently that MRI fluid sign can predict reli-
ably osteonecrosis caused by vertebral tiny fracture (rate of 
susceptibility was 86%, specificity was 100%, and diagnostic 
odds ratios was 65) (17).

However, not all investigators support the mechanism. 
Ma et al and Fabbriciani et al reported that patients with verte-
bral collapse and fracture sign have several cardiovascular 
diseases or arteriosclerosis besides osteoporosis. Nevertheless, 
signs of osteonecrosis could not be found (18,19).

5. Changes of bone biomechanics

In clinical manifestation, osteoporotic vertebral fracture with 
or without fracture sign often occurs in the junction of thora-
columbar vertebra. Consequently, it may be hypothesized 
that the decrease of shear stress causes vertebral tiny fracture 
and is the main reason for this disease. This is in accordance 
with a wider image of junction of thoracolumbar vertebra and 
a heavy load of the principle of biomechanics (20,21). It is 
believed that vertebra after fracture is in a compression state 
with loss of vertebral height and kyphosis  (22). Kyphosis 
moves barycenter of weighted backbone forward, changes 
the biomechanics environment of vertebra and leads to more 
severe fracture.

6. Formation of vertebral peudarthrosis

Vertebra has tiny fractures under external pressure. If the 
primary disease exists with negative bone balance, the 
tiny bone cannot usually recover and may cause fracture 
nonunion and exit movement activity of pseudarthrosis. 
It may lead to vertebral artery lesions and other secondary 
pathological changes. During the process of vertebral bone 
injury and restoration, mutual effects and mutual interactions 
potentially lead to the formation of a fracture sign (22). The 
study by Kim et al showed fracture influenced by vertebral 
osteoporotic bifid spine formed by tissue and pseudarthrosis 
of fibrocartilage, which is in accordance with movement of 
pseudarthrosis (23).

In histopathology, Libicher et al investigated the correla-
tion of fracture sign CT scan after VCF and histology (16). 
The results of that study suggested that vertebral fracture sign 
can be a symptom of partial vertebral ischemic bone nonunion 
and the formation of pseudarthrosis (rate of susceptibility was 
85%, specificity was 99%, and the positive predictive value 
was 91%).

7. Other reasons

Previous reports mentioned that the pathogenesis of Kümmell's 
disease may include bio-infection, bone fatigue caused by 
over-activity, formation of minimum hematoma, neurotrophic 
damage, fat embolism and other factors. Figura et al reported 
that the Helicobacter pylori infection rate in the experimental 
group was higher than that in the control group (24). However, it 
was not statistically significant. Thus, it can be seen as a poten-
tial risk factors A clinical study by Asaoka et al also supported 
this opinion and they believed that Helicobacter pylori infec-
tion is a risk factor of osteoporosis (25).

Theodorou mentioned that gas of vertebra with vertebral 
osteomyelitis may come from aerogenes (22). However, the 
pattern and distribution of gas were different from previous 
vertebrae necrosis under the circumstances, and gas produced 
by it was better equipped with the feature of soft tissue infec-
tion.

In conclusion, the findings on the formation mechanism of 
Kümmell's disease vertebral fracture sign in recent years have 
shown that it is the result of osteoporosis, vertebral ischemic 
necrosis, changes of biomechanics after fracture and various 
factors which are functioning coordinately. Hypotheses 
raised by researchers also obtained corresponding supporting 
evidence. According to these research results, clinicians can 
achieve more accurate analyses in the clinic by combining 
with actual cases to obtain better treatment strategies for the 
disease. Thus, most research on Kümmell's disease vertebral 
fracture sign was focused on iconography, pathology and 
conclusions of clinical features. More prospective clinical 
studies and biomechanics studies are required to verify results.
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