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AAbbss ttrraacctt

BBaacckkggrroouunndd  aanndd  ppuurrppoossee::  The aim of the study was to deter-
mine the efficacy of posterior spinal stabilization, combined
with intraoperative vertebroplasty defined as intraoperative
filling of instrumented vertebral bodies (VB) with polyme -
thylmethacrylate (PMMA).
MMaatteerriiaall  aanndd  mmeetthhooddss:: Seventeen patients with osteoporosis
or osteopenia underwent posterior spinal fusions. The surgi-
cal procedures included laminectomy, spondylodesis, inser-
tion of pedicular screws, intraoperative vertebroplasty and
correction of spinal deformity. 
RReessuullttss::  Postoperative assessment showed improvement of
pain in all cases. Motor deficit regressed in 2 of 3 afflicted
pa tients. In 12 vertebrae (27.3%), the mass of PMMA ex -
tended from one endplate to another, filling 100% of VB
height, in 7 (15.9%) it filled 90-99%, in 14 (31.8%) 80-89%,
in 9 (20.4%) 70-79%, and in 2 (4.5%) it filled 50-60% of VB
height. In the horizontal plane, PMMA filled central parts
of 72.7% of vertebral bodies. PMMA completely surrounded
68.9% of screws, and partially surrounded 18.4% of screws,
whereas 12.6% of screws had no contact with cement mass.
Spinal stabilization reduced kyphotic deformity in 15 patients
(range of reduction: 6°-25°; mean: 13.6°). During follow-
up (3-32 months; mean: 16) implants of 11 patients were sta-
ble, 1 implant instability was diagnosed 7 months after sur -
gery, 5 patients were lost to follow-up. Asymptomatic cement
leaks occurred in 45% of vertebrae. 
CCoonncclluussiioonnss:: Intraoperative vertebroplasty performed after
insertion of pedicular screws may be considered as a techni-
cal variation useful to stabilize osteoporotic spines. After

Augmentation of transpedicular screws by intraoperative vertebroplasty

Wzmacnianie œrub przeznasadowych metod¹ œródoperacyjnej wertebroplastyki

Krzysztof Zapa³owicz, Bartosz Godlewski, Rus³an Jekimov, Marek Grochal

Department of Neurosurgery and Peripheral Nerve Surgery, WAM University Hospital in Lodz, Medical University of Lodz, Poland

Neurologia i Neurochirurgia Polska 2012; 46, 6: 560-568
DOI: 10.5114/ninp.2012.32098 

ORIGINAL PAPER/ARTYKU£ ORYGINALNY

SStt rreesszzcc zzeenn iiee

WWssttêêpp  ii cceell  pprraaccyy:: Celem pracy by³a ocena przeznasadowej
stabilizacji krêgos³upa, wzmocnionej œródoperacyjn¹ werte-
broplastyk¹, czyli œródoperacyjnym podaniem polimetakry-
lanu metylu (PMMA) do trzonów, w które wkrêcono œruby
przeznasadowe.
MMaatteerriiaa³³  ii mmeettooddyy:: U 17 pacjentów z osteoporoz¹ lub osteo -
peni¹ wykonano stabilizacje krêgos³upa z dostêpu tylnego.
Operacje obejmowa³y: laminektomiê, spondylodezê, wkrêce-
nie œrub przeznasadowych, œródoperacyjn¹ wertebroplastykê
oraz korekcjê deformacji krêgos³upa. 
WWyynniikkii:: Ocena kliniczna wykaza³a zmniejszenie bólu u 17 pa-
 cjentów i zmniejszenie niedow³adu u 2 z 3 pacjentów. W 12
trzo nach (27,3%) masa cementu rozci¹ga³a siê pomiêdzy
blaszkami granicznymi, wype³niaj¹c 100% wysokoœci trzonu,
w 7 (15,9%) wype³nia³a 90–99% wysokoœci trzonu, w 14
(31,8%) – 80–89%, w 9 (20,4%) – 70–79%, a w 2 trzonach
(4,5%) – 50–69% wysokoœci trzonu. Cement usytuowany by³
w centralnych czêœciach 72,7% trzonów. Cement ca³kowicie
otacza³ obwód 68,9% œrub, czêœciowo otacza³ 18,4% œrub,
a 12,6% œrub nie mia³o kontaktu z cementem. Stabilizacja
krêgos³upa zmniejszy³a kifotyczn¹ deformacjê u 15 pacjentów
(zakres korekcji: 6°–25°, œrednia: 13,6°). Wycieki cementu,
klinicznie bezobjawowe, dotyczy³y 45% trzonów u 76% pa -
cjentów. W okresie obserwacji wynosz¹cym od 3 do 32 mie-
siêcy (œrednia: 16 mie siêcy) u 11 pacjentów nie stwierdzono
destabilizacji implantu, u jednej osoby destabilizacja ujawni³a
siê po 7 miesi¹cach od operacji. 
WWnniioosskkii:: Œródoperacyjna wertebroplastyka mo¿e byæ stoso-
wana do wzmocnienia œrub przeznasadowych, wkrêconych

Correspondence address: dr n. med. Krzysztof Zapa³owicz, Klinika Neurochirurgii i Chirurgii Nerwów Obwodowych, Uniwersytet Medyczny w £odzi, 
Uniwersytecki Szpital Kliniczny WAM-CSW, ul. ¯eromskiego 113, 90-549 £ódŸ, phone/fax: +48 42 633 30 01, e-mail: krzysztofzapalowicz@wp.pl
Received: 25.03.2012; accepted: 29.05.2012



NNeeuurroollooggiiaa  ii  NNeeuurroocchhiirruurrggiiaa  PPoollsskkaa 2012; 46, 6 561

IInnttrroodduuccttiioonn

Osteoporosis is the most common cause of vertebral
fractures in elderly patients. In 1995, Riggs and Melton
estimated that osteoporosis causes about 700 000 verte-
bral fractures yearly [1]. These are predominantly com-
pressive fractures of the vertebral body (VB), currently
treated by minimally invasive methods, e.g. vertebro-
plasty or kyphoplasty [2-6]. Some fractures, however,
cause severe consequences: spinal deformity, instabili -
ty, spinal canal compromise and neurological deficit 
[3-5,7-11]. In such cases, open surgery is indicated,
comprising decompression of the spinal canal and spinal
stabilization [3,4,6,8-13]. Low bone mineral density
caused by osteoporosis may lead to loosening of screws,
hooks, wires or cables attaching the stabilizing device to
the spine [3,4,6,8,11,13-18]. The same difficulties ac -
company spinal stabilization in cases of tumours or other
metabolic diseases resulting in weakness of vertebrae
[3,8,11,13,17,19]. Reinforcement of the spongious bone
around screws with bone cement is used to prevent
implant loosening [3,4,7,8,10-15,18,19]. Two methods
of such reinforcement have been described, i.e. insertion
of screws into vertebral bodies immediately after filling
them with cement [4,7,8,10,12,13,15,18,19], and injec-
tion of cement through cannulated screws [3,12,17]. 
We developed a new and original method in order

to reinforce screws in osteoporotic vertebral bodies. After
typical insertion of pedicle screws, intraoperative verte-
broplasty was performed. Polymethylmethacrylate
(PMMA) was injected via bony biopsy needles insert-
ed in the proximity of pedicles pierced with screws. This
method allowed filling with PMMA not only the spon-
gious bone in close proximity to the screws, but also the
more distant and larger zone between endplates. These
results have not been published yet. The objective of this
study is to present the authors’ own method and to eval-
uate clinical results.

MMaatteerriiaall  aanndd  mmeetthhooddss

This study included 17 patients (15 females, 2 males),
treated between 2006 and 2011 – details are listed in

Table 1. The age of participants ranged from 52 to 85 years
(mean: 69). Eleven operations were performed for low-
energy osteoporotic spinal fractures, diagnosed with 
preoperative computed tomography (CT) or magnetic 
resonance imaging (MRI). Fractures were classified
according to Magerl et al. [20] as follows: 3 incomplete
burst type A3.1.1; 9 vertebral collapse type A1.3; 2 supe-
rior wedge compressive type A1.2.1; and 1 inferior
wedge compressive type A1.2.3. Four patients suffered
from degenerative spondylolisthesis, one from lung car-
cinoma metastasis resulting in type A1.2.1 fracture and
one from spondylodiscitis. All patients suffered from
intractable back pain corresponding with affected spinal
segments; three of them complained of radicular pain
and three others had neurological deficits. 
Indications for use of PMMA during surgery were

based on preoperative bone mineral density (BMD)
measurement, confirming osteoporosis in 10 patients
(mean T-score: –3.40) and osteopenia in 4 others (mean
T-score: –1.81). In the remaining 3 cases, the decision
to augment was made intraoperatively when weak ver-
tebral bone was detected with the pedicle probe (Table 1).
The follow-up period of 13 patients ranged from 1 to
32 months (mean: 14.9 months); four patients could not
be seen for the follow-up examination for different 
reasons. Clinical assessment included preoperative exam-
ination and follow-up examinations. In 13 cases, the
visual analogue pain score (VAS) and Oswestry Ques-
tionnaire score were obtained preoperatively and at the
last follow-up. Radiological evaluation was based on pre-
operative images (plain radiographs, CT or MRI) as
well as images obtained from follows-up. The images
were assessed for type of lesion, distribution of PMMA
in vertebral bodies, relation between PMMA and
screws, correction of spinal deformity, leak of PMMA
and implant stability.
All patients were operated on under general anaes-

thesia, placed in a prone position, with a C-arm installed.
The spine was exposed by posterior midline incision.
The first step comprised neural decompression and
widening of the compromised spinal canal. Discectomies
were followed by interbody bony grafting with bony
chips from laminectomy or by PLIF (posterior lumbar

PMMA hardening, intraoperative manoeuvres to correct
spinal deformity were possible without any damage of instru-
mented vertebrae.

KKeeyy  wwoorrddss::  osteoporosis, pedicle screw, PMMA, spinal sta-
bilization, vertebral fracture. 

w trzony o obni¿onej gêstoœci koœci. Po stwardnieniu cemen-
tu mo¿liwa jest korekcja kszta³tu krêgos³upa bez uszkodze-
nia os³abionych krêgów. 

SS³³oowwaa  kklluucczzoowwee::  osteoporoza, PMMA, stabilizacja krê -
gos³upa, œruba przeznasadowa, z³amanie krêgu.
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interbody fusion) with titanium cages. In case of spon -
dylodiscitis, debridement was followed by implantation
of titanium mesh filled with autologous bony chips. In
case of metastasis, the tumour was removed from the
spinal canal and curetted from the afflicted VB. In all
chosen pedicles, pilot holes for screws were made and
screws were inserted consecutively. Only one vertebra
was instrumented with one screw because the contra -
lateral pedicle had broken. We used the following sta-
bilizing systems: Diapason (Stryker) in 3 cases and S4
(Aesculap) in 14 cases. In the next step, bone biopsy
needles were unilaterally inserted in vertebrae using 
an extrapedicular approach. Points of insertion were 
situated between the superior vertebral endplate and
pedicle, in the line joining lateral margins of pedicles
(Fig. 1). Needles were inclined caudally and medially
and inserted to reach the anterior third of the VB
between tips of screws (Figs. 2 and 3). Then, PMMA
was injected consecutively through needles, which were
removed afterwards. The goal of the injection was to 
fill the spongious bone in the proximity of screws and
the maximum space between vertebral endplates with
PMMA. The amount of PMMA injected per verte-
bra varied from 2 to 5 mL. After the PMMA had hard-
ened, heads of screws were connected with longitudinal
rods contoured to correct spinal deformity. Manoeuvres
of screw compression or distraction were performed and
finally the construct was locked by means of tightening
the blockers. We used cement delivery systems of the
following manufacturers: PCD (Stryker), Vertecem
(Synthes) and Confidence (DePuy Spine, Johnson-
Johnson). Augmentation required an additional 15 to
30 minutes per patient. In 17 patients we performed
intraoperative vertebroplasty of 44 vertebrae with 87 pe -
dicular screws.

RReessuullttss

CClliinniiccaall  oouuttccoommee

Clinical results are summarized in Table 1. To assess
back pain in 13 patients, the VAS pain score and
Oswestry Questionnaire were analysed preoperatively
and at the last follow-up 1-32 months after surgery
(mean: 14.9 months). This assessment revealed a de -
crease of mean VAS pain score from 7.76 (range: 4-10)
to 0.84 (range: 0-7) and a decrease of mean Oswestry
disability score from 62.38% (range: 24-90%) to
20.84% (range: 0-66%). The remaining 4 patients were
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seen on discharge only; two of them had no pain and
two reported significant improvement of back pain.
Radicular pain disappeared completely in two patients
and improved in one other. Motor deficits were graded
preoperatively and at the last follow-up. Muscle strength
was graded on a 0 to 5 scale, where 0 meant ‘no con-
traction’ and 5 meant ‘full motor strength against resis-
tance’ [2]. Deficits observed in cases 1 and 5 regressed
completely, whereas paraparesis in case 6 persisted. 
There were 3 complications in the presented series.

The most important one occurred 7 months after surgery

(case 8 – spondylodiscitis). Exudation of pus in the prox-
imity of the upper right screw was seen and infection with
Escherichia coli was diagnosed. Revision surgery re vealed
mobility of 2 right screws of the construct. These screws
were removed, whereas the left part of the construct as
well as interbody mesh were considered stable and were
left in place. In case 4, right pneumothorax was diag-
nosed on the seventh postoperative day and was suc-
cessfully treated with drainage. In case 9, fracture of 
the L3 left pedicle occurred during instrumentation and
this vertebra was instrumented by one screw. 

FFiigg..  11.. A) Entry points of the needles (→ X) and needle trajectory (long arrows). B) Horizontal section of instrumented vertebra with needle trajectory (black arrow)

A B

FFiigg..  22.. Intraoperative lateral fluoroscopic view of needle insertion. A) The tip of the needle is touching the entry point. B) The needle is positioned in anterior third 
of vertebral body between screws

A B
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RRaaddiioollooggiiccaall  aasssseessssmmeenntt

The craniocaudal extent of cement (PMMA height)
and the distance between endplates above and below 
the PMMA mass (VB height) were measured on sagit-
tal CT reconstructions or lateral plain radiographs 
(Fig. 4A). Based on these measurements, the percentage
of VB height filled with cement was calculated. The fol-
lowing formula was used to calculate this value: percent-
age of VB height filled = PMMA height × 100%/VB height.
In 12 (27.3%) vertebrae, PMMA extended from one
endplate to another, filling 100% of VB height, and in 
7 (15.9%) it filled 90-99%. Details are listed in Table 2.
Location of cement mass in relation to the midline

was estimated on anteroposterior plain radiographs or CT
images (Fig. 4B). Central location of PMMA, de fined
as presence of predominant cement mass in the central
third of the VB, was found in 32 (72.7%) vertebrae. Lat-
eral location (predominant cement mass in the lateral part
of the VB) was present in 12 (27.3%) vertebrae (Table 2). 
We distinguished 3 types of cement location in rela-

tion to screws (Fig. 5): (a) PMMA completely sur-
rounding the circumference of the screw’s thread 
(60 screws – 68.9%), (b) PMMA partially surround-
ing the thread (13 screws – 18.4%), (c) no contact bet -
ween PMMA and screw (11 screws – 12.6%). A very
good result of screw augmentation was achieved in 
22 (50%) vertebrae with both screws completely sur-
rounded by PMMA. In 21 vertebrae, at least 1 screw
was completely or partially surrounded by PMMA. 
In 1 vertebra, there was no contact between PMMA
and any screw.
Segmental kyphosis (angle between superior end-

plate of the highest instrumented vertebra and the infe-

rior endplate of the lowest instrumented vertebra) was
measured on plain radiographs or CT reformatted
images obtained preoperatively and after surgery. Instru-
mentation allowed reduction of preoperative kyphotic
deformity of the stabilized segment in 15 patients (Fig. 6).
The reduction ranged between 6° and 25° (mean, 13.6°).
In 1 patient (case 1, fracture of L1), the preoperative
angle of the T12-L2 segment was equal to 0 and after
surgery remained unchanged (Table 1). In 4 patients
with degenerative spondylolisthesis, vertebral displace-
ments were completely reduced.
Stability of the construct was assessed in 12 patients

based on CT scans or plain radiographs obtained at 
the last follow-up (range: 3-32 months; mean: 16). In 
11 patients, neither signs of screw loosening nor motion
of stabilized segments were noted. In 1 patient (afore-
mentioned case 8), mobility of right-sided screws was

FFiigg..  33.. Intraoperative view of needles and screws 

FFiigg..  44.. A) Lateral CT image reconstruction showing measurements of PMMA height and VB height to calculate the percen-
tage of distance between endplates filled with PMMA. B) Frontal CT image reconstruction showing cement mass occupying
central and lateral third of upper vertebral body and predominantly lateral third of lower vertebral body

A B
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%%  ooff  vveerrtteebbrraall  bbooddyy  VVeerrtteebbrraall  bbooddyy  wwiitthh VVeerrtteebbrraall  bbooddyy  wwiitthh TToottaall
hheeiigghhtt  ffiilllleedd  wwiitthh  PPMMMMAA PPMMMMAA  ssiittuuaatteedd  cceennttrraallllyy PPMMMMAA  ssiittuuaatteedd  llaatteerraallllyy

50-69% 2 – 2 (4.5%)

70-79% 3 6 9 (20.4%)

80-89% 10 4 14 (31.8%)

90-99% 6 1 7 (15.9%)

100% 11 1 12 (27.3%)

Total 32 (72.7%) 12 (27.3%) 44 (100%)

TTaabbllee  22.. Distribution of polymethylmethacrylate (PMMA) in 44 vertebral bodies

FFiigg..  55.. Relation between cement and screws. A) Both screws inside the cement mass, threads are completely surrounded by
PMMA. B) Cement adheres to both screws, threads are partially surrounded. C) Right screw outside the cement mass 

FFiigg..  66..  Case 14: a 60-year-old female. A) Preoperative CT – fracture of T12 type A3.1.1 with canal compromise and kypho-
tic deformity (Cobb angle T10-L2: 17°). B-C) Postoperative plain radiographs, stabilization T10-L2. D-E) Postoperative refor-
matted CT images showing distribution of cement inside the vertebral bodies and correction of kyphosis (postoperative Cobb
angle T10-L2: 3°, correction: 14°)

diagnosed during revision surgery; there was no defi-
nite radiological evidence of screws loosening due to
artefacts provoked by cement.
Leak of PMMA was observed in 20 (45%) verte-

brae and afflicted 13 (76%) patients. Anterior leaks
towards paravertebral veins or the anterior longitudinal
ligament were present in 11 vertebrae, whereas leaks
towards the spinal canal or intervertebral foramina took
place in 9 vertebrae; none of these leaks caused any neu-
rological symptoms.

DDiissccuussssiioonn

Augmentation of transpedicular screws with bone
cement is used to reduce the risk of implant loosening
[4,6-8,11-19]. The majority of authors implementing
this solution at first applied the cement into vertebrae
and afterwards inserted pedicular screws. The most fre-
quently described method of cement delivery entailed
creation of tunnels through pedicles, which were later
filled with cement, and lastly pedicular screws were

A B C
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inserted in them [4,7,10,12,13,17-19]. Cement was
injected into tunnels with vertebroplasty needles or 
other cannulas [7,10,19]. Intraoperative balloons for
kyphoplasty were also used to prepare voids for cement
and screws [7,12]. Some researchers concluded that 
the aforementioned methods resulted in screw rein-
forcement 1.5-1.8 times higher than controls (Becker)
[12], and increased pullout strength by 90-255% over
osteoporotic controls (Burval) [7], or by 181-213%
(Sarzier) [18]. These results vary, as they were depen-
dent on different variables: method of cement delivery
and degree of osteoporosis. Frankel et al. [8,15] con-
structed a fenestrated tap with which they prepared
a pedicular tunnel and injected the PMMA into the VB;
after removing this tool, screws were inserted instead.
This method resulted in a significant increase of pull-
out strength ranging from 119% to 162% [15]. Yamana 
et al. constructed a nail without threads, which was
inserted into the pedicular tunnel previously filled with
cement. These authors estimated that the mean pullout
strength of a cemented nail was 760 N, whereas the pull-
out strength of non-augmented pedicular screws was
346 N [11].
Augmentation of vertebral bodies can also take place

after insertion of screws. This is possible due to the use
of cannulated screws [3,12,14,17]. Researchers favour-
ing cannulated screws point out the following advan-
tages: possibility of reinsertion in case of improper posi-
tioning of the screw; the stage of cement delivery takes
place after all screws are inserted; and injection though
the screw is easier than consecutive filling of pedicular
tunnels [12]. The drawback is the risk of cement leak-
age towards the dural sac if perforations of screws are
close to the spinal canal [12]. We intended to combine
the proven mechanical effect of vertebroplasty with the
advantages of cement delivery after proper insertion of
screws. In our method, the first step consisted of inser-
tion of pedicular screws in chosen vertebrae. In the sec-
ond step, setting this method apart from others, verte-
broplasty needles were inserted extrapedicularly into
vertebral bodies containing screws (one needle per ver-
tebra), to serve as a way for PMMA injections. After
hardening of PMMA, corrective manoeuvres of spinal
curve were performed as well as final tightening of the
construct. In 2004, Boszczyk described intraoperative
vertebroplasty via needles inserted into vertebral bodies
through the spinal canal opened by laminectomy [2].
However, in his method laminectomy of each augment -
ed vertebra is necessary; moreover, neural structures can
be compressed or the dural sac damaged by the needle.

We suggest a needle entry point distant to the neural
structures, situated outside the spinal canal, cranially
and laterally in relation to the pedicle. 
We wish to highlight the advantages of our method:

PMMA filled the central part of 32 vertebral bodies
and completely surrounded threads of both screws in 
22 vertebrae; in 42 vertebrae, the layer of PMMA filled
at least 70% of the distance between the endplates, and
the best result – PMMA extending from one endplate
to another – was achieved in 27.3% of vertebrae. None
of the 44 needles damaged neural structures.
The biomechanical value of augmentation may be

estimated based on laboratory tests performed by Hig-
gins [21], who concluded that unipedicular injection
of an amount of cement equal to 20% of VB volume
resulted in 36% strength increase as compared with
non-augmented controls. In our series, only one case of
implant destabilization was observed. Leaks of PMMA
– all asymptomatic – were observed in 20 (45%) verte-
brae and mainly were provoked by the surgeon’s ten-
dency to fill as many vertebral volumes as possible.
Boszczyk observed leaks from 73% of vertebrae treat-
ed with intraoperative vertebroplasty [2]. Frankel found
asymptomatic leaks in 39% of patients whose vertebrae
were augmented via a fenestrated tap [8]. Yamana esti-
mated the presence of cement leak in 27-74% of pa -
tients treated with percutaneous vertebroplasty [11].
Hulme et al. [5] based on a meta-analysis of 69 clini-
cal studies concluded that cement leakage occurred in
41% of vertebrae during percutaneous vertebroplasty.
Higgins estimated in vitro leak as high as 61.1% in ver-
tebrae filled with 10% cement per volume and 90% 
in vertebrae filled with 20% cement per volume [21].
In our opinion, intraoperative vertebroplasty performed
after insertion of pedicular screws may be considered
as a technical variation useful to stabilize osteoporotic
spines. This study does have the following limitation:
as only 17 patients were operated on, statistical analy-
sis was not possible. The authors intend to continue
these investigations.

CCoonncclluussiioonnss

1. Intraoperative vertebroplasty performed after inser-
tion of pedicular screws may be considered as a tech-
nical variation useful to stabilize osteoporotic spines.

2. After PMMA hardening, intraoperative manoeuvres
to correct spinal deformity were possible without any
damage of instrumented vertebrae.

Augmentation of transpedicular screws by intraoperative vertebroplasty
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