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Abstract: Background: Cases of osteoporotic vertebral pseudoarthrosis (PA) with severe back pain and neurologic deficit 
are being increasingly reported. The lack of anterior structure and osteoporosis are the most serious problems in surgery 
for vertebral PA. We propose here a surgical procedure with posterior spinal short fusion and anterior support using 
polymethylmethacrylate through the posterior approach. Materials/Methods: PA involved the vertebrae of the thoraco-
lumbar junction in five patients. The mean postsurgical follow-up period was 35.8 months. Results: The mean kyphotic 
angle of affected vertebrae improved from 21.6±9.4˚ before to 9.8±7.3˚ after surgery (P<0.05). Severe back pain resolved 
in all patients postoperatively. The correction loss of kyphosis was only 2˚ at final follow-up. We encountered no major 
complications including cement leakage, spinal cord damage, or deep-tissue infection. Conclusions: Since this procedure 
provides spinal stability and allows safe neural decompression, it may be a useful surgical procedure for the treatment of 
osteoporotic PA. However, to prevent sequential vertebral fractures at the adjacent level, additional countermeasures are 
necessary. 
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INTRODUCTION 

 Vertebral fractures (VFs) are most the common spinal 
disorders in elderly patients with osteoporosis. Most VFs 
heal within a few weeks or months, and it was believed that 
they do not result in severe clinical problems in most cases 
[1]. Posttraumatic vertebral collapse and/or vertebral 
pseudoarthrosis (PA) have rarely been reported in VF until 
recently, but several pathologic mechanisms have been 
postulated, such as bone ischemia [2,3]. In cases of vertebral 
PA with prolonged severe back pain and/or paraplegia 
resisting conservative treatment, surgical treatment may be 
necessary. 
 Established opinion holds that the anterior approach is 
the most suitable for surgical treatment of VFs, because the 
main pathology occurs in the anterior part of the spine and 
that approach allows reconstruction of the anterior area [4]. 
However, the anterior procedure is generally considered to 
be more invasive than surgery using the posterior approach 
and is associated with many problems, especially in elderly 
patients. Furthermore, spine surgeons are not generally 
familiar with anterior surgical techniques. There are also 
unresolved problems concerning the ability of implants to 
remain fixed to the osteoporotic spine. 
 
 

*Address correspondence to this author at the Department of Orthopaedic 
Surgery, Shinshu University School of Medicine, 3-1-1 Asahi, Matsumoto-
city, Nagano, 390-8621, Japan; Tel: 81-263-37-2659; Fax: 81-263-35-8844; 
E-mail: jtaka@shinshu-u.ac.jp 

 In cases of vertebral PA, we performed anterior recons-
truction surgery based on Kaneda et al.’s [4,5] reports but 
encountered some cases in which additional posterior fixa-
tion was required due to displacement of the anterior instru-
mentation. Some patients with vertebral PA have complica-
ting disorders such as ossification of yellow ligament (OYL) 
on radiographic examination, and decompression of both 
disorders may be required. However, it is not possible to 
perform decompression of both disorders in the same 
position or through the same incision using the anterior 
surgical approach. On the other hand, the major problem 
associated with posterior surgery of vertebral PA is how to 
reconstruct the anterior vertebral structure. 
 The purpose of this study was to report a surgical 
procedure with posterior spinal short fusion and anterior 
vertebral reconstruction using polymethylmethacrylate 
(PMMA) through the posterior approach for PA in elderly 
osteoporotic patients.  

SURGICAL TECHNIQUE AND INDICATIONS  

 The indications for surgery were vertebral PA with 
prolonged severe back pain and/or paraplegia resistant to 
conservative treatment using analgesic agents, bed rest, 
external fixation, etc. for at least three months. Before 
surgery, we performed percutaneous transpedicular vertebro-
graphy using contrast media under a local anesthetic to 
confirm the origin of back pain and the potential for cement 
leakage under fluoroscopic control. 
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 At surgery, the patient is placed in the prone position to 
reduce kyphosis. One level above and below the involved 
vertebra is exposed in the axial direction and up to the 
transverse process in the lateral direction. A transpedicular 
space is formed up to the vertebral cavity. PMMA is injected 
through the pedicle under lateral fluoroscopic control. Fur-
thermore, we always insert pedicle screw into the vertebrae 
with PA. If decompression is required, laminectomy or 
circumference decompression through the posterior approach 
can be performed. After complete decompression of the 
spinal cord and PMMA injection, in principle pedicle screw 
fixation is performed one level above and one below the 
involved vertebra. The rod is bended in situ and fixed with 
pedicle screws. Finally, posterior or posterolateral bone 
grafting is performed using iliac bone. 

MATERIALS AND METHODS 

 The analysis is based on five patients (four women and 
one man) with vertebral PA with osteoporosis who 
underwent this procedure at Shinshu University. The patients 
ranged in age from 64 to 81 (mean 74.2) years. All patients 
had severe back pain (P5 on the Denis Pain Scale [6]) 
unrelated to any apparent major traumatic episode which had 
continued for more than three months. None had a history of 
steroid administration or of other medication related to 
secondary osteoporosis. 
 Preoperatively, all patients underwent radiographic exa-
mination with plain and stress flexion-extension radiographs, 
magnetic resonance imaging (MRI), myelography, and 
myelo-computed tomography (CT) focused on the affected 
vertebrae. To confirm vertebral instability (VI), we per-
formed cross-table lateral XPs. Kyphosis was measured 
between the cranial and caudal endplate of affected 
vertebrae.  
 The cleft of PA involved the vertebrae of the thoraco-
lumbar junction at T11 in one, T12 in two, and L1 in two 
patients. The dural sac was compressed anteriorly by the 
posterior vertebral cortex in all patients. However, we 

determined that sufficient decompression was achieved by 
laminectomy, and anterior decompression was not necessary 
for the patients in this series. Radiologic examination 
revealed OYL at T11/12 in one patient, and we thus 
performed posterior decompression at the same time. 
 Patients were asked to evaluate their back pain using the 
standard visual analogue scale (VAS). The VAS consisted of 
a 10-cm line labeled with “no back pain” at 0 and “most 
intensive back pain imaginable” at 10. In addition, back pain 
was evaluated objectively and classified into five stages 
using the Denis Pain Scale: P1, no pain; P2, occasional 
minimal pain with no need for medication; P3, moderate 
pain with occasional medication but no interruption of work 
or significant change in activities of daily living; P4, mode-
rate to severe pain with frequent medication and occasional 
absence from work or significant change in activities of daily 
living; and P5, constant or severe incapacitating pain with 
the need for chronic medication [6]. Before surgery, all 5 
patients had back pain classified as severe (P5). 
 The data were analyzed by a paired-sample Student t test 
using SPSS (SPSS Japan Inc., an IBM company, Tokyo, 
Japan), with p<0.05 defined as significant. 

RESULTS 

 Patient characteristics and surgical results are shown in 
Table 1. VI was clearly apparent on cross-table lateral XPs in 
all patients. MRIs usually showed that the cleft was of low 
intensity on T1-weighted images and of very high intensity 
on T2-weighted images. Preoperatively, no leakage from the 
vertebral cavity to the epidural space or vessels was observed 
on vertebrography, and we confirmed that the cavity of PA 
was a closure space. The administration of local anesthesia 
to the vertebral cavity at vertebroplasty resulted in the 
immediate resolution of back pain. 
 The mean operative time was 253±72 (165-345) min, and 
the mean intraoperative blood loss was 502±432 (80-1200) 
ml. The mean postoperative follow-up period was 35.8 [21-

Table 1. Patients Characteristics and Postoperative Results 
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1 64 F L1 T12-L2 36 165 260 26 15 20 5 P5 P2 0.64 Loosening of 
Screw (T12)  

2 86 F T12 T11-L1 21 220 80 17 4 6 1 P5 P2   Dead 

3 68 F T11 T10-L2 37 305 380 10 4 4 0 P5 P1    

4 81 F L1 T12-L2 37 230 590 20 6 9 3 P5 P3 0.85 Collapse of 
T12  

5 72 M T12 T11-L1 48 345 1200 35 20 21 1 P5 P1 0.73  T11-12 
OYL 

Ave
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e 

74.2    35.8 253 502 21.6 9.8 12 2.0   0.74   

Area: Fusion area, Prekypho: preoperative kyphotic angle, Postkypho: postoperative kyphotic angle, Final-kypho: final follow-up kyphotic angle, Loss: loss of correction, Pre-BP: 
preoperative back pain, Final-BP: final follow-up back pain, BMD: bone mineral density 
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48] months. The time required for anterior reconstruction 
using PMMA was 30 min or less. The intraoperative blood 
loss during anterior reconstruction was only slight because 
there was little bleeding from the vertebral cavity and that 
from inside the pedicle was also slight. Bleeding from the 
pedicle was easily controlled with the application of bone 
wax. The mean kyphotic angle of the affected vertebrae 
improved from 21.6±9.4˚ before to 9.8±7.3˚ after surgery 
(P<0.05). Spinal alignment was maintained postoperatively, 
and the correction loss of kyphosis was only 2˚ at final 
follow-up. Posterolateral fusion have had fused in all cases. 
 Severe back pain with motion disappeared postopera-
tively in all patients. Mean VAS of back pain showed 
significant improvement one month after surgery compared 
with that before surgery (1.2±1.3(0-3) and 9.0±0.4(8.5-9.0), 
respectively; p<0.0001). Mean VAS of back pain also 
showed significant improvement at the final follow up 
compared with that before surgery (1.6±2.0(0-4.8) and 
9.0±0.4(8.5-9.0), respectively; p<0.0001). Furthermore, at 
final follow-up, back pain had objectively improved by at 
least two grades. 
 Intraoperatively, the absence of cement leakage was 
confirmed under fluoroscopy. No other major complications 
including spinal cord damage or deep-tissue infection 
occurred in this small patient series. Spinal collapse with 
back pain occurred at the upper adjacent level six months 
after surgery in one patient, although bone union was 
achieved within two months and back pain resolved. In the 
other four patients, back pain did not increase. At final 
follow-up no patient reported severe back pain.  
 In all patients, postoperative VI was not observed on 
stress and supine cross-table XPs. No complications such as 
dislodgement had been encountered by the final follow-up 
visit. Screw loosening was observed at the cranial level in 
one patient, who complained of dull pain in her back soon 
after surgery and until final follow-up.  

CASE REPORT 

 A 72-year-old man with a 12-month history of severe 
back pain with minor trauma was referred to Shinshu 
University. He was able to sit up and was ambulatory but 
pain upon motion was severe and evaluated as intolerable 
(P5). A supine lateral cross-table radiograph showed a T12 
VF with an intravertebral vacuum cleft (Fig. 1). Kyphosis at 
T12 was 35˚ in the standing position (Fig. 2). MRI showed 
that the dural tube was compressed by the posterior cortex of 
the T12 vertebral body and by OYL at the T11/12 level (Fig. 
3). Transpedicular vertebrography showed that the contrast 
media spread from the vertebral cavity through the 
retroperitoneum, but this cavity was a closure space and 
there was no further contrast media spread (Fig. 4).  As 
anterior compression by the posterior cortex was slight but 
posterior compression by T11/12 OYL was severe, we 
planned only posterior decompression and anterior column 
support using PMMA. The spinal kyphosis decreased, and 
the postoperative kyphotic angle at T12 was 20˚. The patient 
was encouraged to sit and walk two weeks postoperatively 
and soon could walk without back pain. At 48 months, he 
had no back pain (P1), the spinal sagittal alignment had not 
changed, and kyphosis at T12 was 21˚. Moreover, neither 

dislodgement nor loosening of implants was observed (Fig. 
5A). Post-operative CT scan showed that the vertebral cavity 
was filled with PMMA, and the shape of PMMA resembled 
the form of contrast media in vertebrography (Fig. 5B). 

 
Fig. (1). A vertebral vacuum cleft at Th12 was clearly revealed on 
supine cross-table lateral radiographs. 

 
Fig. (2). The vacuum cleft shown in Fig. (1) was not visible on 
conventional standing lateral plain radiographs. 
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Fig. (3). An intravertebral vacuum cleft at Th12 showed low 
intensity on T2-weighted MRI and the spinal cord was significantly 
compressed by OYL at the adjacent Th11/12 level. 

 

 
Fig. (4). Transpedicular vertebrography. The contrast media spread 
from the vertebral cavity through the retroperitoneum, but this 
cavity was a closure space and there was no further contrast media 
spread. 

A.  

B.  

Fig. (5). A: Plain radiographs and B: CT after surgery. The 
vertebral cavity was filled with PMMA, and the shape of PMMA 
resembled the form of contrast media in vertebrography (Fig. 4).  

DISCUSSION 

 The intravertebral cleft is generally considered to be a 
radiographic sign of avascular necrosis of the vertebral body 
and so-called Kummell's sign [7]. Recently, the vertebral 
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cleft has been recognized as a sign of vertebral PA. Many 
authors noted that bone ischemia may coexist with some 
VFs, markedly altering their radiologic images, and this 
might account for the delayed progression of posttraumatic 
vertebral collapse in some elderly patients [2]. In general, 
surgical treatment is required for vertebral PA with severe 
back pain and/or paralysis. VI may be accompanied by 
severe back pain. Regardless of the type of surgical 
procedure used, including our method reported here, 
operative stabilization immediately relieves back pain. This 
suggests that VI in PA may be the origin of back pain during 
motion and that it could be treated by solid fixation. In some 
cases of PA, paralysis of the lower extremities occurs 
insidiously and gradually worsens to severe paraplegia. 
Reports of vertebral collapse with neurologic deficits have 
been increasing recently [8-12]. 
 There are two major clinical problems in osteoporotic 
PA. One is the absence of anterior vertebral structure causing 
VI with severe back pain, and the other is compression of the 
dural sac which may cause neurologic deficits. Therefore, to 
resolve the clinical problems of PA, a solid spinal fusion 
and/or surgical decompression procedure is required. Kaneda 
et al. [4] recommended the use of an anterior strut graft with 
anterior spinal instrumentation in cases of vertebral PA. 
Surgery through the anterior approach can reconstruct the 
anterior structure, although this is generally regarded as an 
invasive procedure in elderly patients. Furthermore, in our 
experience and that of others [5], additional posterior fixa-
tion surgery is required in some cases of anterior reconstruc-
tion due to the loosening of screws and anterior strut 
implants.  
 In elderly patients, OYL sometimes occurs at the tho-
raco-lumbar junction and may cause neurologic deficits [13]. 
In addition, many elderly people have vertebral disc dege-
neration. Degeneration of the spine accompanied by narrow-
ing of the spinal canal may also cause neurologic deficits. In 
patients with posterior dural compression, decompression of 
the posterior part is not possible through the anterior 
approach. Further, when it cannot be determined whether PA 
or compression of another spinal region is the cause of neu-
rologic deficits, decompression of both regions may some-
times be advisable. Decompression of both regions cannot be 
achieved simultaneously using the anterior approach. 
 The posterior approach has many advantages compared 
with the anterior approach. Most spinal compression dis-
orders can be decompressed through the posterior approach. 
Posterior spinal surgery does not pose risks to the chest or 
abdomen, which can have serious consequences in elderly 
patients. In addition, spine surgeons are familiar with the 
posterior approach. A posterior procedure also allows 
decompression of multiple spinal lesions at the same time 
and in the same position.  
 On the other hand, the problem of insufficient implant 
stability in the osteoporotic spine remains [14-16]. Some 
authors recommend that posterior instrumentation should be 
avoided because the range of the application is greater for 
anterior instrumentation [4]. Further, if posterior decompres-
sion is required near the fracture level, posterior decompres-
sion destroys posterior spinal elements and may increase VI. 
In surgery for vertebral PA, posterior reconstruction pro-

cedures may not maintain spinal alignment and may cause 
loosening of instrumentation. 
 The lack of anterior structure is the most serious problem 
in posterior procedures for osteoporotic vertebral PA. It is 
difficult to reconstruct the anterior spinal architecture 
through the posterior approach. If adequate reconstruction of 
the anterior structure is possible through the posterior 
approach, then posterior surgery may be preferred to anterior 
surgery. Saita et al. [17] proposed the spinal shortening 
method for anterior decompression and fusion through the 
posterior approach with short segmental fusion. Such spinal 
shortening can achieve adequate reconstruction of the 
anterior structure, although this procedure is technically 
difficult and neurologic complications due to the 
compression of nerve roots and the shortening of the spinal 
cord are a concern. 
 Vertebroplasty using PMMA was developed in the field 
of radiology for the treatment of osteoporotic VFs and meta-
static vertebral tumors. Many authors reported successful 
anterior column reconstruction and good clinical results [18-
20]. In vertebroplasty of VFs, frequent occurrence of PMMA 
leakage into the vessels and epidural space was reported 
[21]. PMMA was also reported to be associated with poten-
tial lung injury and polymerization heat problems that might 
damage the spinal cord or nerve roots [22-24]. We pre-
operatively confirmed that the cavity of PA was a closure 
space using vertebrography and concluded that pulmonary 
complications and cement leakage to the vessels and epidural 
space would not occur. We therefore first performed anterior 
column reconstruction using PMMA to treat vertebral PA in 
2000. 
 PMMA is much harder than the osteoporotic spine. The 
presence of VF is a strong risk factor for subsequent osteo-
porotic fractures [25,26]. Vertebroplasty may alter the 
normal loading behavior of the adjacent vertebral body, and 
there is increased risk of adjacent segment VF [27]. There-
fore, since we assumed that anterior reconstruction using 
PMMA alone might cause the collapse of adjacent vertebra, 
in principle we added pedicle screw fixation one level above 
and one below the affected vertebra to our operative 
procedure. However, in one of our patients, adjacent spinal 
collapse occurred despite pedicle screw fixation. Recently, 
Pérez-Higueras et al. [21], reported the occurrence of a new 
VF after percutaneous vertebroplasty. To prevent sequential 
VFs at the adjacent level, additional countermeasures are 
therefore necessary. 
 This procedure may be useful for PA treatment. After our 
initial patient series, however, it became difficult to use 
PMMA for spinal reconstruction in Japan based on a notifi-
cation of pulmonary complications from the Ministry of 
Health, Labour and Welfare. In this study, we confirmed that 
the cavity of vertebral PA was a closure space. Therefore, we 
believe that there is only a slight risk of the complications of 
cement leakage and pulmonary injury with the use of 
PMMA and that this procedure may be safe and useful for 
vertebral PA, especially in elderly patients. 
 Recently, various biocompatible bone cements have been 
developed. Biopex (Mitsubishi Materials Corp., Tokyo, 
Japan) is a biocompatible, injectable, fast-setting in site 
cement that is stronger than cancellous bone and is replaced 
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by host bone over time. Biopex is officially approved for use 
in spinal surgery in Japan. We have thus begun to use 
Biopex instead of PMMA for this procedure. Further, we 
revealed that many patients with vertebral PA whose back 
pain naturally decreased with time despite the presence of 
vertebral instability [28]. For painful vertebral PA, surgical 
treatment to improve back pain should be performed after 
enough conservative treatment. 

CONCLUSIONS 

 Posterior short fusion and transpedicular anterior 
reconstruction using PMMA resulted in spinal stability, and 
neural decompression of the whole spine could be performed 
safely and simultaneously. This procedure may be useful for 
the treatment of vertebral PA, especially for elderly patients. 
However, the procedure should be evaluated in a larger 
patient series in the future. 
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