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ABSTRACT
AIm: Our aim was to evaluate the safety and efficacy of the novel crescent-shaped PMMA strut for anterior spinal reconstruction and fusion in
patients with thoracolumbar bust fractures. The surgical results using this technique are reviewed.
MaterIal and Methods: Six patients suffering thoracolumbar and lumbar fracture using a crescent-shaped PMMA strut combined with
fixation for reconstruction of the anterior spinal column. Postoperative radiographic, included plain x-ray and 3-D computed tomography
(CT) imaging, evaluated fusion status postoperatively. Pain relief and neurological status was assessed by comparing Frankel Score and Vision
Analogue Score (VAS) pre- and postoperatively.
Results: All six patients achieved immediate stabilization. No patient needs additional posterior instrumentation stabilization due to loss
of sagittal alignment and kyphosis deformity. All patients achieved significant relief of back pain, improvement of neurological function,
correction of preoperative deformity and excellent bone fusion results documented on plain x-rays and 3-D CT reconstruction imaging. There
were no complications of neurological worsening, wound infection, subsidence and dislodgement of PMMA strut, or anterior instrumentation
failure during the follow-up.
ConclusIon: The crescent-shaped PMMA strut is an alternative for anterior spinal reconstruction and fusion in patients with thoracolumbar
burst fracture. However, the long-term clinical effects and possible complications need further evaluation.
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ÖZ
AMAÇ: Torakolomber bölgede patlama kırığı olan hastalarda rekonstrüksiyonu ve füzyonu sağlamak için kullanılan polimetilmetakrilattan
yapılma, hilal şeklinde olan yapının etkinliğinin ve güvenilirliğinin saptanması için bu tekniğin kullanıldığı hastaların cerrahi sonuçlarının
ortaya konması.
YÖNTEM ve GEREÇLER: Polimetilmetakrilattan yapılma, hilal şeklindeki enstrüman, torakolomber bölgede patlama kırığı olan 6 hastada
anterior kolonun rekonstrüksiyonunu ve füzyonunu sağlamak için kullanılmıştır; bu hastalara aynı zamanda stabilizasyon işlemi de yapılmıştır.
Radyolojik olarak; düz grafiler ve 3 boyutlu bilgisayarlı tomografilerle füzyon ve rekonstrüksiyon gelişimi incelenmiştir. Ayrıca tüm hastalara
ameliyat öncesi ve sonrası dönemde Frankel ölçütlemesi ve Görsel ağrı ölçütlemesi yapılmıştır.
BULGULAR: Tüm hastalarda erken dönemde stabilizasyon gerçekleşmiştir. Hastaların hiçbirinde sagital plan bozulması ve kifoz gelişimi
olmamıştır, bu nedenle fazladan bir posterior stabilizasyona gerek duyulmamıştır. Üç boyutlu bilgisayarlı tomografi ve normal x-ray grafilerinde
hastalarda mükemmel füzyon geliştiği ve deformitelerinin düzeldiği görüldü; bunun yanı sıra, hastaların hepsinde bel ağrısı geçti, nörolojik
fonksiyonları daha iyi hale geldi. Hastalarda nörolojik kötüleşme, Polimetilmetakrilattan yapılma hilal şeklindeki enstrümanın gömülmesi ya da
uzerinde çıkması, yara infeksiyonu ve anterior enstrümanın yetmezliği gibi bir durum gelişmedi.
SONUÇ: Torakolomber bölgede patlama kırığı olan hastalarda rekonstrüksiyonu ve füzyonu sağlamak için kullanılan polimetilmetakrilattan
yapılma, hilal şeklinde olan enstrüman anterior spinal rekonstrüksiyona ve füzyona alternatif bir yöntemdir; ancak, uzun süreli klinik etkilerinin
ve komplikasyonlarının ortaya konması için daha fazla çalışma yapılması gereklidir.
ANAHTAR SÖZCÜKLER: Patlama kırığı, Polimetilmetakrilat, Hilal- şekli, Anterior rekonstrüksiyon
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Introduction
Compression failure of both the anterior and the middle
columns can cause burst fracture under axial loads (11,31). The
optimal approach to treat burst fractures remains controversial
(7,23,24,27). Surgical decompression and stabilization in
cases with incomplete neurological compromise has been
widely advocated in recent years. Surgical intervention can
immediately relieve pain, optimize neural decompression,
provide quick spinal stability and avoid kyphotic deformity
with stable internal fixation over the least number of spinal
segments (8, 28).
The optimal strategy of surgery (anterior, posterior, or
combined approaches) is still a matter of debate (8, 25,
28). There are many factors which determine the chosen
treatment, such as the age of the patients, neurological
status of the patients, degree of osteoligamentous structure
instability, the experience of the surgeons and so on.
Compared with posterior approach, anterior reconstruction
with instrumentation allows restoration of the mechanical
integrity of the anterior column, direct decompression of the
spinal canal and direct removal of damaged discs; furthermore
it has a theoretical better rate of fusion (16, 19, 29, 32).
Anterior reconstruction and the fusion of defect spine
resulted from burst fracture of vertebral can be achieved
by placing autografts like tricortical iliac crests or allografts,
or titanium mesh cages (9,12,17,18,21,22). According
to the previous reports (17), the incidence of donor-site
morbidity is high when autografts were used. Postoperative
morbidity of donor-site can be reduced by using allografts.
It can also achieve uniformly strong cortical and cancellous
bone with unlimited choices of grafts shape and sizes,
and shorten the operation time. However, longer fusion
times and immunologic rejecting reaction by the host was
observed when using allografts. It may cause the possibility
of transmission of diseases (18) and it is hard to obtain the
allografts because of the social customs in China.
Due to the better biocompatibility and biomechanical resistance to axial loading forces, the titanium mesh cage, as a
recent vertebral prosthesis, is widely used in recent years (9,
12, 22). However, it is difficult to evaluate the fusion status
when titanium mesh cage was used (13, 14). Moreover, the
high price of titanium mesh cage limits its widely clinical application.
The PMMA strut has been used clinically in many medical
centers for treating cervical vertebral diseases (3-6, 15, 20,
26). However, there is no clinical report on using PMMA
strut in anterior spinal reconstruction when dealing with
thoracolumbar and lumbar burst fracture.
Under the circumstance mentioned above, we designed
a novel crescent-shaped PMMA strut in order to provide a
new alternative for anterior spinal reconstruction. The article
is aimed to evaluate the safety and efficacy of the novel
crescent-shaped PMMA strut for anterior spinal reconstruction
and fusion in patients with thoracolumbar and lumbar burst
fractures.
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Clinical Material and Methods
Patient Population
From January 2004 to December 2007, 6 patients who had a
single-level thoracolumbar or lumbar burst facture accepted
surgical intervention with anterior spinal reconstruction
using self-made crescent-shaped PMMA strut combining with
an anterior inner fixation (Ventrofix, Synthes Inc. Company,
U.S.A). The inclusion criteria specified a single-level Denis type
A, B, or C bust fracture of the thoracolumbar or lumbar spine
(1). The patient population consisted of four women and
two men whose ages ranged from 25 to 62 (mean 42.8 yr).
All the 6 patients have complaint of back pain and different
degree of neurological deficit at the time of hospitalization
(details described at Table I). Preoperative imaging, including
plain x-rays, CT (computed tomography) or MRI (magnetic
resonance imaging), revealed thoracolumbar or lumbar burst
fracture in the 6 patients (Figure 3A,B). One patient (patient 3),
injured 3-months ago, performed the first posterior pedicle
screw fixation in another hospital but had little improvement
of his symptoms. Preoperative plain x-ray imaging revealed
incomplete restoration of vertebrae height and partial
compression of the spinal cord.
Production of PMMA Strut
Considering many different factors, we design a novel
crescent-shaped PMMA strut which can be made easily
in operation room. The materials we need are only two
elements: PMMA (Polymethylmethacrylate) bone cement and
two syringes (one’s volume 50 ml and the other’s 20 ml).
Firstly the length of 50ml syringe was modified equally to the
measured sagittal length of reconstruction area (Figure 1A),
then the 20ml one was put into the 50ml one with one edge
attached together (Figure 1B). In the period of wiredrawing
phase, the bone cement (PMMA) was pressed into the space
between the two syringes as much as possible and waited
for the hardening (Figure 1c,d). Finally the crescent-shaped
PMMA strut was made successfully by getting rid of the
syringe tubes (Figure 1e,f).
Surgical Technique
All the surgery was performed in a single department by one
experienced surgeon. All patients were performed under
general endotracheal anesthesia with the retropleural or
transthoracic approach used for the thoracic region and
the retroperitoneal approach for the thoracolumbar and
lumbar region. Normally, the approach was from the left
side due to consideration of avoidance of unexpected injury
of abdominal aorta and inferior vena cava and convenience
for the operation of the surgeon. After exposure of surgical
field, segment vessels were carefully ligated. Then fractured
vertebral body and damaged discs were identified and
resected with curettes, rongeurs. After resection of the burst
fractural vertebral body and preparation of its end plates
above and below by using a high speed air-drill, the anterior
inner fixation (Ventrofix, Synthes Inc Company, U.S.A) was
place into the adjacent normal vertebral body to stabilize
Turkish Neurosurgery 2012, Vol: 22, No: 2, 161-166
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Table I: The Crescent-Shaped PMMA Strut Reconstruction in Six Patients

Patients
No

Age
(yr/sex)

location (pre/post)
Outcome

VAS
(mo)

Neurological
outcome

Complication
Angle (°)

1
2
3
4
5
6

62/M
42/F
32/M
25/F
55/F
41/F

T12
L3
T12
L1
L1
L3

7/2
6/2
6/1
6/1
5/1
5/1

D/E
D/E
C/D
D/E
C/D
D/E

None
None
None
None
None
None

Follow-up
Fusion
Segmental
(per/post) (per/post)
24
18
18
15
18
18

Good
Good
Good
Good
Good
Good

27/3
30/3
35/5
34/3
32/5
37/6

M: male, F: female, Pre/post: preoperation/postoperation, VAS: Vision Analog Score. Neurological outcome measured by Frankel
Scale. Mo: Month, Good: good growth of cancellous bone bridging the adjacent bodies showed in plain x-ray or 3-D CT reconstruction.

a

b
a

c

d

b
Figure 2: a) Preparation of placement of PMMA strut and
b) placement of PMMA strut during the operation.

e

f

Figure 1: a) The Cresent-shaped PMMA strut was made intraoperatively in accordance with the same length of the defect area.
b) The 20ml syringe was put into the 50ml syringe with one edge
attached together. c,d) The bone cement (PMMA) was pressed
into the space between the two syringes as much as possible and
waited for the hardening. e,f) The crescent-shaped PMMA strut
was made successfully.

the involved spine and performed appropriate distraction to
correct the previous kyphosis caused by collapsed vertebral
body. Then the sagittal length of defect area was measured.
After production out of surgical field according to the same
length previously measured, suitable-length crescent-shaped
PMMA strut was put into the defect area combining with
autogenous cacellous bone harvested from the fractured
Turkish Neurosurgery 2012, Vol: 22, No: 2, 161-166

vertebral body. One point should be mentioned is that ‘curve’
of the ‘crescent-shape’ should be placed in front of the dural
sac which can avoid the possibility of autogenous cancellous
bone dropping back to compress the spinal cord (Figure 2a,
b). A wound drainage tube was inserted routinely before
the closure of the wound. Closed drainage of the pleural
cavity should be placed when a transthoracic approach was
performed or pleura were torn open during the surgery. All
the patients were instructed to use an external orthosis for
immobilization respectively during the first 3-6 postoperative
weeks till well-bridged cancellous bone between the adjacent
vertebral bodies could be observed based on plain x-rays or
3-D CT imaging.
Clinical outcomes and imaging follow-up
All the 6 patients received regular check-ups at outpatient
department of our hospital monthly for the first 3 months
and then every 3 months thereafter. Neurological function
was recorded at every visit.
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Figure 3: A 42-year-old female patient suffered L3 vertebral burst fracture caused in a car accident with neurological deficit of Frankel
D. Preoperative plain x-ray (A) and MRI (B) showed the fracture of L3 vertebrae and compression on the spinal cord. Postoperative
14-month follow-up plain x-ray (C, D) presented good alignment achieved and complete decompression on the spinal cord.
Postoperative 14-month follow-up sagittal (E) and axial (F) CT reconstruction revealed good cancellous bone growth in reconstruction
area. Neurological deficit of the patient finally improved to Frankel E.

Pain relief and neurological status was assessed by comparing
Visual Analog Scale (VAS) and the Frankel Scale pre- and
postoperatively.
The imaging follow-up included a plain X-ray imaging
monthly for the first 3 months, and then every 3 months
thereafter. Pre- and postoperative plain x-rays were evaluated
for correction of kyphotic deformity (Cobb’s angle) and the
fusion status. Radiographic fusion criteria included evidence
of bridging bone formation observed on the plain x-rays or
3-D CT imaging (performed when evidence of bone fusion
could not be clearly observed in the plain x-ray imaging).
Results
The period of follow-up ranged from 15 to 24 months (mean,
17.5 mo). All the 6 patients achieved immediate stabilization.
No patient needs additional posterior instrumentation
stabilization due to loss of sagittal alignment (Figure 3C,D).
All patients achieved significant relief of back pain (mean 4.5
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evaluated by the VAS), improvement of neurological function
(at least 1 class improvement evaluated by the Frankel Scale),
correction of preoperative deformity (mean correction of
Cobb’s angle, 28.3°) and good bone fusion results documented
on plain x-ray or 3-D CT reconstruction imaging (Figure 3E,F).
There were no complications of neurological worsening,
wound infection, subsidence and dislodgement of PMMA
strut, or anterior instrumentation failure. (Details described in
Table I)
Discussion
When dealing with thoracolumbar and lumbar burst fracture
through a surgical intervention, an anterior reconstruction
technique is chosen because of the predictability of relieve
compression with direct vision and the facility to directly
reconstruct the spine (16, 19, 29, 32).
There are various bone grafts used in anterior spinal
reconstruction to restore spinal alignment and stability.
Turkish Neurosurgery 2012, Vol: 22, No: 2, 161-166
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An ideal bone graft should have the properties including
osteogenic, osteoconductive, osteoinductive, improving
regenerative capacity of host bone and load-bearing. Bone
grafts can be categorized as autografts, allografts, titanium
mesh cages and PMMA struts in clinical application.
Based on experimental studies, vascularization and ossification
of using autografts occur faster than using allografts. However,
because of limitation in donor stock quality (shape and size)
and increasing concerns about morbidity in the donor site,
autografts are no longer the optimal choice when dealing
with anterior spinal reconstruction (17).
The use of allografts avoids morbidity in donor site and
shortens operative time. Despite of the unlimited bone shape
and size, allografts can be added into autologous bone from
the burst vertebral body. Disadvantages of using allografts
include longer fusion times, immunologic rejecting reaction
by the host, and risk of transmission of diseases such as
Hepatitis and human immunodeficiency virus (18). Finally,
appropriate allograft bone is not always available due to
reasons like social custom and religion.
Recent reports on results of anterior spinal reconstruction
with titanium mesh cages are promising (9, 12, 22). However,
one of the disadvantages of using titanium mesh cages was
the difficulty of evaluating the status of fusion (13, 14). The
other disadvantage preventing its clinical application was the
high price, especially in the developing countries in which the
health care system cannot cover all civilian.
PMMA bone cement has been used in revision of failed
uncemented femoral components of total hip arthroplasty
(10), enforcement of transpedicle screw fixation in patients
with osteoporosis for decades (2). Despite of its rare
complication such as bone cement leakage and pulmonary
embolism, more clinical application of PMMA can be seen in
vertebroplasty of osteoporotic vertebral fractures in recently
years (30).
The PMMA strut has been used clinically in many medical
centers mainly for treating cervical vertebral diseases (3-6,
15, 20, 26). Chen JF, et al. reported a case series of success
application of PMMA strut in anterior spinal reconstruction
including PMMA cages after one-level cervical discectomy
in the treatment of patients with compressive monoradiculopathy and hollow cylindrical PMMA strut for spinal
reconstruction after single-level cervical corpectomy
(5,6). They also used an antibiotic-PMMA strut for spinal
reconstruction after anterior C5 and C6 corpectomy in
one case with cervical pyogenic spondylitis and achieved
satisfactory results after the 12-month follow-up (4). Pan
CH,et al., (20) described hollow bone cement filled with
impacted cancellous bone as a substitute for bone grafts in
cervical spine fusion. Good results were observed after mean
19-month follow-up of 21 patients performing the surgery.
We describe a technique using a crescent-shaped PMMA
strut for anterior spinal reconstruction in patients with
thoracolumbar burst fracture. To the best of our knowledge,
Turkish Neurosurgery 2012, Vol: 22, No: 2, 161-166

this is the first report on using PMMA strut in anterior
thoracolumbar reconstruction and fusion.
We made the crescent-shaped PMMA strut outside the field
of operation which minimized the toxicity and the heat
injury of PMMA. As a framework assisting the cancellous
bone in connection with the two adjacent vertebral bodies,
the complex folding of polymers of PMMA can postulate its
collapse in body. Thus it is an advantage over autografts (20).
We design the PMMA strut as a crescent-shape for
consideration that the main nutrition of cancellous bone
came from plasma and tissue fluid after separation from blood
supply, which can guarantee both the framework capability
and enough space left allowing contact of cancellous bone
with plasma and tissue fluid. It is also the highlight that, we
think, is prior to the cylindrical-shaped PMMA strut (6) which
absolutely separated cancellous bone from plasma and
tissue fluid. Meanwhile, because its production was carried
out totally during the operation, the length of PMMA strut
is completely the same as the sagittal length of the defect
area which is prior to preoperative production of PMMA strut
according to indirect MRI imaging (6).
Postoperative plain x-ray or 3-D CT imaging revealed that the
autologous cancellous bones migrated along the crescentshaped space surrounded by the PMMA bone cement
and finally integrate into the end plate of the vertebral
body, which meant good fusion result were achieved. The
deformity correction achieved immediately were satisfactory
postoperatively in our cases. (Figure 3) More important,
deformity correction was maintained and no subsidence and
dislodgement of antibiotic crescent-shaped PMMA strut was
observed during follow-up.
We think the crescent-shaped PMMA strut has many
advantages compared to other bone grafts: 1) It has the same
property that can be made unlimited size as allografts and
universally available. 2) It can provide the same framework
effect as tricortical autografts without considering morbidity
of donor site and has prolonged collapsing time in body.
3) Differentiating from Titanium mesh cages, the crescentshaped PMMA strut is composed of not metal but polymer
materials which can display sufficient clarity the interface
between the crescent-shaped PMMA strut and the vertebra
when performing CT scanning (6). 4) Lower cost allows PMMA
strut more appreciating in clinic application than Titanium
mesh cages.
Conclusion
The crescent-shaped PMMA strut is an alternative for
anterior spinal reconstruction and fusion in patients with
thoracolumbar and lumbar burst fracture. The advantages
include the universally available materials, ease of production
and implementation during the operation, reduced morbidity
at the donor site and low cost. However, the long-term clinical
effects and possible complications need further evaluation.
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