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Osteonecrosis in osteoporotic vertebral fractures (OVFs) may lead to a 
continued source of chronic pain and disability for patients. This study aims 
to describe the characteristics of the osteonecrosis in OVFs and the efficacy 
of balloon kyphoplasty (BKP) for the osteonecrosis. This was a prospective 
study of 61 patients with the osteonecrosis in OVFs who underwent BKP. 
Their mean age was 68 years (55 to 90). All the patients received 
radiography, MRI and CT examination before BKP, and were performed a 
histological analysis of biopsies obtained from OVFs. Efficacy was assessed 
by changes in anterior vertebral body height, a visual analogue pain scale 
and the Oswestry Disability Index at one day preoperative, two days 
postoperative and final follow-up assessments. All the patients had back 
pain more than six weeks before surgery. The back pain had a certain 
feature that was distinctly proportional to activity and position. 54% of the 
osteonecrosis showed intervertebral clefts in radiography, 73% of the 
osteonecrosis showed intervertebral clefts in CT. 98% of the osteonecrosis 
showed a well-defined signal intensity in the location of the osteonecrosis on 
T2-weighted and short tau inversion recovery (STIR) in MRI. Histological 
examination revealed osteonecrosis in the 61 patients. Significant 
improvements in all efficacy measures were observed at the postoperative 
versus preoperative assessments; no significant differences were observed 
between the postoperative and final follow-up assessments. The 
osteonecrosis in OVFs can be diagnosed according to the pattern of back pain 
and the imaging characteristics, especially MRI. BKP is one of minimally 
invasive, safe and effective procedures for the disease. 
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INTRODUCTION 
 
As the geriatric population increases, the incidence of 
osteoporotic vertebral fractures (OVFs) has been 
increasing. It is estimated that 1.4 mil¬lion OVFs come to 
receive clinical attention (Johnell and Kanis, 2006). Most 
symptomatic fractures are adequately managed with a 
short period of rest or activity modification, narcotic 
analgesics, and a brace. However, approximately 150,000 
OVFs every year in the United States are refractory to these 
measures and require hospitalization (Riggs and Melton, 

1986). An intravertebral cleft in OVFs occurs in some of 
these patients, and will be a continued source of chronic 
pain and disability for the patient Yoon et al. (2005). It has 
become an interesting topic of focus. Other terms have been 
used to describe the same condition, including 
intravertebral vacuum cleft, intravertebral vacuum sign, 
intravertebral vacuum phenomenon, linear intravertebral 
vacuum, intravertebral vacuum cleft sign, intravertebral 
cleft, and intraosseous  vacuum phenomenon, rendering the  
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concept of the disease ambiguous (Maldague et al.,1978); 
(Golimbu et al., 1986);(Libicher et al., 2007); (Bhalla and 
Reinus, 1998); (Theodorou, 2001); (McKiernan and 
Faciszewski, 2003) and (Peh et al., 2003). Given that the 
above-mentioned diseases all involve underlying avascular 
necrosis, we term the disease “osteonecrosis” in this study.  

The osteonecrosis in OVFs is regarded as a benign lesion 
Ito et al. (2002), but vertebral collapse and kyphosis in 
some osteonecrosis vertebrae are progressive, becoming 
the source of symptoms (Lee et al., 2008). In the early 
stages, the affected vertebra is intact or has only a minor 
compressive fracture, then in the intermediate stages the 
vertebral body collapses, with the fracture being 
dynamically mobile. This is followed in the later stages by 
collapse of the posterior body wall with ensuing cord 
compression, resulting in prolonged back pain and/or 
paraparesis (Kim et al., 2003); (Jang et al., 2003). 

 Therefore, it is important to diagnose this disease earlier 
and use surgical intervention to prevent further vertebral 
collapse and kyphosis. BKP has been proved to be an 
effective treatment for OVFs, even for patients with cleft 
(Yang et al., 2014). The purpose of this study was to 
provide the characteristics of the osteonecrosis in OVFs to 
be diagnosed, and to evaluate the efficacy of BKP in patients 
with the osteonecrosis.  
 
 
METHODS 
 
Ethical approval for the study was obtained and written 
informed consent was obtained from all patients. This was 
a prospective study on the patients with the osteonecrosis 
in OVFs who underwent BKP.  

Thus, the subjects of this study were 61 patients (41 
women and 20 men) with the osteonecrosis who had been 
treated using percutaneous BKP between January 2006 and 
January 2011. Their mean age was 68 years (55 to 90). All 
the patients had severe back pain with no evidence of nerve 
damage. The symptoms, which had an insidious onset, had 
persisted from six weeks to two years (average nine weeks) 
and were refractory to conservative therapy. The inclusion 
criteria: (1) Osteoporosis was confirmed preoperatively 
using dual-energy X-ray absorptiometry; (2) Pathological 
analysis of the vertebral body tissue confirmed 
osteonecrosis. Exclusion criteria: (1) The osteonecrosis in 
patients with underlying malignancy was excluded from 
this study; (2) Patients without radiography, computed 
tomography (CT) or magnetic resonance imaging (MRI) 
were excluded before operation; (3) Patients with 
neurologic deficits excluded.  

All patients had preoperative radiographs, MRI and CT 
scan reconstruction. MRI examination consists of T1-
weighted imaging, T2-weighted imaging and short tau 
inversion recovery (STIR) sequences. 

Percutaneous BKP was performed on the patients under 
general anesthesia with fluoroscopic guidance. A biopsy of 
the osteoporotic vertebra was obtained. Patients were 
assessed one day preoperatively, two  days  postoperatively  

 
 
 
 
and at the final follow-up. The anterior heights of the 
necrotic vertebra were measured on a lateral radiograph. 
Cement leakage was observed on post- operative CT scans. 
Axial sections and coronal and sagittal reconstructions of 
CT were performed on all the levels of cement injection. In 
addition, a visual analogue scale (VAS; 1-10, where 1 = no 
pain and 10 = the worst possible pain) and the Oswestry 
Disability Index (ODI) were used to evaluate the severity of 
pain and its influence on the subject’s daily life. 

The significance of differences between the one day 
preoperative and two days postoperative assessments, and 
the significance of differences between the two days 
postoperative and final follow-up assessments were 
evaluated by using paired sample t-tests (Statistical 
Package for the Social Sciences version 13.0; SPSS, Chicago, 
IL, USA), with a p-value of ≤ 0.05 considered statistically 
significant. 
 
 
RESULTS 
 
According to Figure 1a-1b, 54% of the osteonecrosis in 
VCFs showed a radiotranslucent zone on plain standing 
radiographs. 73% of the osteonecrosis showed an 
intravertebral cleft on CT-scans (Figure 1c-1d). All the 
osteonecrosis showed a low signal intensity in the location 
of the osteonecrosis on T1-weighted images, 98% of the 
osteonecrosis showed a well-defined signal intensity in the 
location of the osteonecrosis on T2-weighted and STIR in 
MRI (Figure 2a-2c). (90% of the osteonecrosis showed a 
well-defined high signal intensity on T2-weighted and STIR 
in MRI, and 8% of the osteonecrosis showed a well-defined 
low signal intensity on T2-weighted and STIR.) 

According characteristics of clinical situation, the cardinal 
symptom was back pain with a certain feature that was 
distinctly proportional to activity and position. 68% 
patients in this study suffered back pain when walked or 
rested in bed, but the pain became severe when walked. 
The pain in 32% patients was almost completely relieved 
by rest, while symptoms returned as soon as the spine was 
loaded in an attempt to sit, stand, or walk.  

All patients tolerated the procedure well (Figure 3a-3d) 
and experienced partial or complete relief of their back 
pain and mobilized satisfactorily. The mean follow-up was 
27.4 months (18 to 53). There were significant 
improvements in the anterior heights of the necrotic 
vertebra, VAS and ODI at the two days postperative and 
final follow-up assessments compared with the one day 
preoperative values (Table 1). There were no significant 
differences between the two days postoperative and final 
follow-up assessments (Table 2). No major peri-operative 
complications were recorded, such as compression of the 
spinal cord, pulmonary embolism, or infection.  
 
 
DISCUSSION 
 
The  osteonecrosis  in  OVFs  is  considered a rare disease in 
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Figure 1-3: A 75-year-old man has suffered from back pain for three months. Lateral X-ray 
film (Figure 1a) and posterior–anterior X-ray film (Figure 1b) showing severe compression 
fracture at L2. CT coronal and sagittal reconstruction images (Figure 1c-1d) showing an 
intravertebral cleft at L2. Sagittal T1-weighted MR image showing a low signal intensity in the 
location of the osteonecrosis in the body of L2 (Figure 2a). The sagittal T2-weighted MR 
image (Figure 2b) and short tau inversion recovery (STIR) image (Figure 2c) showing a well-
defined high signal intensity in the location of the osteonecrosis. Balloon kyphoplsty was 
performed on the patient, expanding balloon (Figure 3a) and injecting cement (Figure 3b). 
Post-operative radiographs (Figure 3c-3d) showing cement filling the osteonecrosis well 
without leakage. 
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Table 1. Efficacy outcomes (mean; max~min) at one day pre-operative and two days post-operative 
assessments (n=61) 

 
 Pre-operative Post-operative t p 

Anterior vertebral body height(%
★

) 34.7(18 ~ 53) 54.7(35~75) -12.43 <.0001 

Visual analog scale for pain 7.9(6~9) 2.4(0~4) 21.03 <.0001 
Oswestry disability index  80.9(73~90) 31.4(15~45) 18.49 <.0001 

 
★Anterior vertebral body height (%) = Fracture vertebra body height/ [(Upper Vertebral body height + lower Vertebral body 
height)/2] 

 
 

Table 2. Efficacy outcomes (mean; max~min) at two days post-operative and final follow-up assessments (n=61) 

 
 Post-operative Final follow-up t p 

Anterior vertebral body height(%
★

) 54.7(35~75) 53.1 (33~71) 2.12 0.0601 

Visual analog scale for pain 2.4(0~4) 1.9(0~3) 1.82 0.0965 
Oswestry disability index  31.4(15~45) 25.3(13~40) 2.01 0.0671 

 
★Anterior vertebral body height (%) = Fracture vertebra body height/ [(Upper Vertebral body height + lower Vertebral body 
height)/2 

 
 

 
 

Figure 4: Sagittal MR images of common osteoporotic vertebral fractures showing a 
low signal intensity in the location of the fracture in the body of L1 on T1-weighted 
image (Figure 4a), a diffusional high signal intensity on T2-weighted MR image (Figure 
4b)and short tau inversion recovery (STIR) image (Figure 4c). 

 
 
 
the past (Kumpan et al., 1986). However, with the 
development of medical imaging and minimally invasive 
spine surgery, the disease is common (Stäbler et al., 1999). 
The osteonecrosis has a significant correlation with the 
phenomena of intravertebral clefts, its sensitivity up to 
85% and specificity up to 99% (Libicher et al., 2007). The 
radiography is a basic examination method of the 
osteonecrosis, but its value is limited. These clefts 
indicating the osteonecrosis can easily be missed on 

standing lateral radiographs. This study shows the "cleft" 
phenomena occur in only 54% of patients with the 
osteonecrosis on lateral view radiographs. However, the 
"cleft" can be accentuated on lateral view radiographs with 
hyperextension (McKiernan and Faciszewski, 2003). It is 
reported that clefts were detectable by standing lateral 
radiography in 14% of OVFs, by supine cross-table 
radiography in 64% (McKiernan and Faciszewski, 2003). 
Therefore, for  a  suspected  osteonecrosis, extension lateral  



 
 
 
 
radiography can be taken to improve the sensitivity of 
diagnosis. CT is more sensitive than radiography in 
detecting the intravertebral cleft. This study shows the cleft 
is detectable by CT in 73% of the osteonecrosis, more 
sensitive than by radiography. Compared with radiography 
and CT, MRI is the most sensitive method of the diagnosis of 
the osteonecrosis. Mckiernan and Faciszewskireport 
hyperextension lateral radiography can find 64% of cleft, 
while MRI can find 96% of cleft in a prospective radiology 
study (Theodorou, 2001). This study shows the 
characteristics of the osteonecrosis are an area of well-
defined signal intensity on the sagittal T2-weighted MR 
image and short tau inversion recovery (STIR) image. 
Sagittal T1-weighted MRI shows a low signal intensity 
change in the location of the osteonecrosis in this study, 
sagittal T2-weighted MRI and STIR show a clearly defined 
high signal intensity in 90% of the osteonecrosis, while a 
clearly defined low signal intensity in 8% of the 
osteonecrosis. The changes of high or low signal intensity 
on MRI depend on whether the osteonecrosis contains fluid 
or gas (Lafforgue et al.,  1997). The osteonecrosis is 
different from common OVFs. It shows a well-defined signal 
intensity on MRI, while common OVFs show diffusional 
signal change (Figure 2a-2c, Fig 4a-4c). According to these 
characteristic changes of the MRI, the osteonecrosis can be 
earlier diagnosed to take effective measures to prevent 
vertebral body further collapse and kyphosis, and to avoid 
spinal cord compression. 

The patients in this study have suffered back pain for a 
long time with over six weeks. The cardinal symptom is 
back pain with a certain feature that is distinctly 
proportional to activity and position. The pain in some 
patients is almost completely relieved by rest, most often in 
a lateral decubitus position, while symptoms return as soon 
as the spine is loaded in an attempt to sit, stand, or walk. 
The pattern of the pain is helpful in the diagnosis of 
osteonecrosis. The back pain may be attributed to 
pseudarthrosis or to spinal deformity Mirovsky et al. 
(2005).  

In addition, the patients in this study received long term 
conservative management with pain control, bracing and 
bed rest but with no improvement in the symptoms. This 
phenomenon shows that the osteonecrosis is refractory to 
conservative treatment, and bed rest is extremely 
dangerous for elderly patients for a long time. Once OVFs 
with osteonecrosis have progressed into serious collapse, 
there is an increased risk of nerve injury (Chou and Knight, 
1997); (Baba et al., 1995).  Lafforgue et al., (1997) reported 
that in 19 cases of VCF with a cleft there were five with 
nerve injury, including compression of a lumbar nerve root, 
the cauda equina syndrome, and spastic paralysis. Thus, 
earlier surgical intervention is required to relieve 
symptoms and to prevent further vertebral collapse. Open 
surgery such as bone grafting and internal fixation can be 
used to treat the disease (Swartz and Fee, 2008); (Li et al., 
2007), but it is not the first choice because osteoporotic 
bone does not fuse well and is  often  too  weak  to support 
instrumentation   (Evans et al., 2003).  Open    operation   is  
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mainly reserved for osteoporotic fractures with neural 
compromise, when decompression is needed. With the 
development of minimally invasive spine surgery, a less 
invasive procedure is preferable for most patients who are 
elderly and severely osteoporotic (Peh et al., (2003); (Grohs 
et al., 2006); (Kim et al., 2004). BKP was used to treat VCFs 
with osteonecrosis in this study. The intravertebral 
instability at the site of osteonecrosis can disappear after 
injection of the cement. All patients had achieved partial or 
complete pain relief and an improvement in the level of 
daily activity. There was also a certain degree post-
operative correction of the kyphosis and restoration of the 
vertebral height, which were largely maintained during 
follow-up. The results suggest that this procedure is 
effective for the treatment of OVFs with the osteonecrosis. 
Some studies have found that patients with osteonecrosis 
experience less reduction of pain and more difficulty with 
the activities of daily living after vertebroplasty than those 
without osteonecrosis, and that there is some loss of the 
postoperative kyphotic correction and height restoration at 
the final follow-up (Ha et al., 2006); (Peh et al., 2003). It 
seems that BKP might be more effective than 
vertebroplasty for VCFs with the osteonecrosis. Clearly, in 
order to compare kyphoplasty against vertebroplasty for 
the treatment of OVFs with the osteonecrosis, a prospective 
randomized controlled study is necessary. 

Limitation of this study is that this study did not include 
the patients with vertebral fracture clefts that did not have 
osteonecrosis on the biopsy or did not have a biopsy. 
 
 
CONCLUSIONS 
 
In conclusion, this study demonstrates that the 
osteonecrosis in OVFs is a source of the back pain in 
patients with OVFs, refractory to conservative 
management. The osteonecrosis can be diagnosed 
according to the imaging characteristics, especially T2-
weighted and STIR in MRI, combined with the pattern of 
back pain. BKP is one of minimally invasive, safe and 
effective procedures for the disease.  
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