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Polymethyimethacrylate-Augmented Screw Fixation

for Stabilization of the Osteoporotic Spine :
A Three-Year Follow-Up of 37 Patients
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Objective : The purpose of this study was to determine the efficacy, radiological findings, clinical outcomes and complications in patients with
lumbar stenasis and osteoporosis after the use of polymethylmethacrylate (PMMA} augmentation of a cannulated pedicle screw.

Methods : Thirty-seven patients with degenerative spinal stenosis and osteoporosis (T-score < -2.5) underwent lumbar fusion using the Dream
Technology Pedicle Screw (DTPS™, Dream Spine Total Solutions, Dream STS, Seoul, Korea) between 2005 and 2007. The clinical outcomes
were evaluated by using the visual analog scale {(VAS) and the Prolo scale. Radiologic findings were documented through computed tomography
(CT) and plain films.

Results : Thirty-seven patients were evaluated and included, 2 males and 35 females with an average bone mineral density (BMD) of 0.47g/cm?.
The average age of the patients was 68.7 (range, 57-88). The preoperative VAS for low back and leg pain (7.87 + 0.95 and 8.82 + 0.83) were
higher as compared with postoperative VAS (2.30 + 1.61 and 1.42 + 0.73) with statistical significance (p = 0.006, p = 0.003). According to the
Prolo scale, 11, 22, one and three patients were in excellent, good, fair and poor conditions, respectively. The average amount of the injected
cement per one cannulated screw was 1.83+0.11 mlL.

Conclusion : The results show favorable outcome both clinically and radiographically for 37 patients who underwent lumbar fusion using

DTPS™ and PMMA. Based on the results, the use of this surgical method can be a safe and effective option for the operation on the
osteoporotic spine.
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INTRODUCTION

As aged individuals in the world increase rapidly, degenera-
tive spinal disease and osteoporosis also become rapidly as
major global medical problems. Pedicle screw instrumen-
tation is currently being widely used in spine surgery to
obtain internal stabilization in these patients. When pedicle
screws are used in elderly osteoporotic patients, however,
the screw-interface is easily stripped; as a result, the risk of
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screw-loosening and back-out after surgery have also
increased. Insertion of a successful pedicle screw fixation for
the elderly patient with osteoporosis has thus been a
challenging goal for spine surgeons. Data from several
laboratory studies using cadaver spines'®****>*> have
demonstrated that the use of a bone cement-augmented
pedicle screw fixation has resulted in a significantly-
increased axial pull-out force and transverse bending stiff-
ness. In the osteoporotic spine, polymethylmethacrylate
(PMMA) cement, one type of such bone cement, has also
been shown to increase the holding power of screws in
osteoporotic bone®!?2>3>364:47),

In spite of these benefits, reports concerning the clinical
use of PMMA have been sparse’*#. This hesitancy for
the employment of PMMA has been due to the undesirable
exothermic reaction which accompanies it hardening and
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which occurs in close proximity to neural elements®”. There
is also the risk of PMMA leakage into the spinal canal,
neural foramina, or paravertebral veins. To compensate for
the weaknesses inherent with the use of PMMA alone,
novel cannulated pedicle screws have been designed and
developed, its holes existing at the distal end of the screw.
The biomechanical test results of these new kind of screws
have been presented>*>*, These screws are novel in their
design and concept and clinical results after the use of one
these screws are presented in the present paper. The advan-
tage of this screw is its ability to enable PMMA injection in
to it after the screw’s insertion into the pedicle. The PMMA
then spreads into the threads of the screw so as to improve
the screw’s structural performance. Another major benefit
of this screw is the need to use only a consistently small
‘amount of cement.

Thus, the primary aim of this study was to determine the
clinical efficacy and safety of a screw augmentation proce-
dure using a novel spine cement fixation system in patients
with coexisting lumbar stenosis and osteoporosis. The
postoperative outcomes of patients treated with this device
were also reviewed.

MATERIALS AND METHODS

Between August 2005 and June 2007, a consecutive series
of 37 osteoporotic patients with T-scores less than -2.5 and
coexisting lumbar stenosis were accumulated. These
patients underwent lumbar fusion by one surgeon at a
single institution using the DTPS™ a novel pedicle screw
and spine cement kit. Patients were followed postoperati-
vely for a minimum of 23 months with an average of
follow-up 33.3 months (range, 23-45 mos). The mean
patient age was 68.7 years (range, 57-88 yr); there were two
men and 35 women. Monosegmental fusion was performed
on 30 patients and bi- and trisegmental fusions on four and
three patients, respectively. The preoperative diagnoses
included degenerative spondylotic stenosis in 26 patients,
degenerative spondylolisthesis in 6 and spondylolytic spon-
dylolisthesis in 5. Patients were evaluated for osteoporosis of
the lumbar spine via determination of the bone mineral
density (BMD) using dual-energy X-ray absorptiometry
(DXA) (HOLOGIC Discovery Wi, Hologic Inc, Waltham,
Massachusetts, USA). Baseline BMD values were obtained
from the reference date of the Japan Society for Bone and
Mineral Research (JSBMR)® i.e., and osteoporosis was
diagnosed if a patient’s T-score was equal to or less than -2.5
(T-score < 2.5), the World Health Organization’s (WHO's)
diagnostic criteria for osteoporosis'. The mean BMD of
the patients was 0.47 g/cm” The patients were classified

according to their T-scores into four Groups : nine patients
(24.3%) had T-scores between -2.5 and -2.9, 12 (32.4%)
between -3.0 and -3.4, 10 (27.0%) between -3.5 and -3.9,
and six patients (16.2%) had T-scores of less than -4.0. All
of the patients had varying degrees of neurogenic inter-
mittent claudication and low back pain as their presenting
complaints. Each patient had undergone at least six months
of nonoperative care prior to surgery. After informed consent
was obtained from the patients, operations were performed
on those who chose to undertake the PMMA augmentation
using DTPS™, for their lumbar fusions. The patients’ de-
mographic characteristics and procedural data are listed in
Table 1. The patients’ data are recorded for the pre- and
postoperative visual analog scale (VAS) and Prolo scores™,
and complications including extravasation of cement,
embolus and infection. For the radiographic evaluation of
pedicle screw loosening and nonunion, anteroposterior and
lateral and standing flexion-extension lumbosacral plain X-
rays were obtained pre- and postoperatively and at the out-
patient clinic follow-up periodically. Computerized tomo-
graphy (CT) was done with all of the patients to determine
bone cement leakage in the spinal canal. To confirm or
rule-out pulmonary embolism after surgery, the immediate
postoperative posteroanterior chest X-ray was performed.
Table 1. Demographic and clinical characteristics in 37 patients with

PMMA-augmented screw fixation for stabilization of the osteoporotic
spine

Mean age (yrs) 68.7 (57-88)
Gender(M: P 2:35
Preoperative diagnosis
Degenerdtive spondylolisthesis 6(16.2%)
Spondylolytic spondylolisthesis 5(13.5%)
Spondylofic stenosis 26(70.3%)
Mean BMD (g/cm?) 047
25-29 9(24.3%)
-30--34 12(324%)
35-39 10(27.0%)
-40- 6(16.2%)
Mean follow-up duration (mo) 233
Level of operation
1 30(81.1%)
2 4(10.8%)
3 38.1%)

PMMA : polymethyimethacrylate, BMD : bone mineral density

ria

Bridging interbody bone 32865
No motion on dynamic view 34919
Absence of continuous interbody radiolucent ines 36 (97.3)
Fusion rate, saisfying 2 of 3 criteria 34919

PMMA : polymethylmethacrylate
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Adapter

Spreader

pedicle screw (Fig. 1A and 2) a spine
cement kit (Fig. 1B). The pedicle
screw (6.5 or 7.5 mm in diameter and
40 or 45 mm in length) has a cannu-
lation diameter of either 2.5 mm for
the 6.5 mm screw or 3.0 mm for the
7.5 mm screw and 4 holes, is designed
so that each set of two holes are situat-
ed opposite to the other set of two ho-
les, at the distal end of the screw (Fig,
1A). The bone cement is injected and

with this screw design, penetrates into
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the trabeculae of surrounding bone

© through the four holes (Fig. 2). After

insertion of the cannulated pedicle

Fig. 1. The photographs show screw, spine cement kit and adpapter. A : Dream Technology Pedicle
Screw (DTPS™, Dream STS, Seoul, Korea) screw has a cannulation diameter of either 2.5 mm for the
6.5 mm screw or 3.0 mm for the 7.5 mm screw and 4 holes, is designed so that each set of two holes
{black arrow) are situated opposite to the other set of two holes (white arrow), at the distal end of the
screw. B . A spine cement kit : An adapter is to connect cannulated screw. Spreader is to push
polymethylmethacrylate into body through screw. C : The photograph shows combination of DTPST

screws into the osteoporotic vertebral
body, the spine cement kit (Fig. 1C) is
able to effectively inject the proper
amount of bone cement so as to fixate

screw and adapter.

L ®

the head of the pedicle screw firmly
before placement of a rigid rod. It is
also designed to enable discontinua-
tion of the injection of bone cement at
a point at which extravasation is
observed by fluoroscopy imaging.

Surgical procedure

Under general anesthesia, in the
prone position, the lesion was appro-
ached by a posterior midline incision.
To expose the lumbar stenosis path-
ology sufficiently, the right and left
facet joint capsules and the ligamen-
tum flavum were removed, and com-
plete decompression of the affected

Fig. 2. A schematic and lateral radiograph show the injected polymethyimethacrylate (PMMA) spreading
through the bone. A : A schematic demonstrates that the injected PMMA spreads through the bone via
four holes of screw and penetrates into the trabeculae of surrounding bone. B : Postoperative lateral

nerve roots running in the inferome-
dial portion of the pedicle was per-
formed. The intervertebral disc was

radiograph shows that PMMA spreads and penetrates through the trabeculae of surrounding bone.

Screw-loosening was defined as a radiolucency of one milli-
meter (mm) or wider at the bone-screw interface. Fusion
status was evaluated on the final follow-up films using the
criteria listed in Table 2. A solid fusion was determined by
the presence of at least two criteria in the list. A single-level
nonunion was also considered as failure of bone fusion
irrespective of the operative level.

Spinal Cernenting Fixation system (DTPS™
system)
The DTPS™ system consists of two parts : 1) a cannulated

exposed and discectomy performed.
After confirming the complete decompression of the
compromised nerve roots, tapping using a tapper on the
transpedicular screw placement site was done. For the safe
and accurate procedure, the pedicle screw insertion was
performed under the guidance of fluoroscopy. In addition
to bone chips from the laminectomy, local cancellous bone
from the facetectomies was used to fill a Polytheretherke-
tone (PEEK) interbody cage (Stryker Orthopaedics,
Mahwah, NJ, USA) and to pack the disc space area bet-
ween inserted cage and the vertebrae. Since the pedicle
screw is used a mono-axial system, it is difficult to rotate it

307



J Korean Neurosurg Soc 46 | October 2009

after PMMA injection. Thus, the rod
must be shaped to accommodate
normal lumbar lordosis and must be
placed on the head of the screw prior
to the injection PMMA. Contrast
media was injected under fluoroscopic
guidance to keep the neural canal pro-
tected from potential cement leakage.
“Vertebroplastic radiopaque resinous
matetial” (DePuy Acromed, Rayn-
ham, MA, USA) was used, a form of
PMMA bone cement, and it was mixed
according to the manufacturers re-
commendations. For injection of the
bone cement, the cannulated pedicle
screw and spine cement kit was used
and continuous lateral fluoroscopy was
carried out during all steps of the pro-
cedure. If there was no migration of
the bone cement to the posterior part
of the vertebra observed on continuous
lateral fluoroscopy, the bone cement
was continuously injected. A student’s
t-test was used to compare continuous variables including
preoperative and final VAS and the Prolo scale. In all
analyses, a p value of < 0.05 was considered to be significant.

RESULTS

For this study, 168 cannulated screws were used. Each
screw was filled with 1.83 £0.11 mL (range 1.7-2.0 mL) of
PMMA. PMMA leakage into the neural canal with its
concomitant myelopathy or radiculopathy did not occur,
however local extravasations of PMMA into the ventral
aspect of the vertebral body were observed in two cases
(5.4%). There were no pulmonary emboli or cases of osteo-
myelitis. After the surgery, two patients developed fluid
collection in operative wound area resulting from dural
laceration with CSF leakage, both of which subsided
without further intervention. Fusion status was judged
based in the criteria listed on the Table 2. For solid fusion,
at least two criteria needed to be satisfied, and 34 of 37
patients (91.9%) met this condition. Three patients who
could not achieve a solid fusion belonged to the group who
had T-scores less than -4.0. Pedicle screw loosening was
observed in one patient (2.7%). This patient was one of
three non-union cases and a three-level surgery had been
performed in this case: firm bone union for L3-14 and 14-
L5 was observed, but L2-L3 failed to fuse. One year posto-

peratively, there were no radiographic abnormalities

Fig. 3. A 67-year-old woman complained of lower back pain and neurological intermittent claudication and
was diagnosed with multiple lumbar stenosis with instabifity. She had undergone tri-segmental lumbar
fusion operation, A : Simple lateral radiograph on postoperative one year shows no abnormaiity. B :
Compared with postoperative one year, simple lateral radiograph on postoperative two years shows
movement of L2 pedicle screws and radiolucency around the screws.

(A) 0

Table 3. The comparison between pre- and post-operative VAS for
lower back and leg pain

Low back pain 787 £095 230+ 161 0006
Leg pain 882083 142+073 0003

VAS : Visuial anclog scale

Table 4. Mean Prolo scores and distribution of the scores for 37
patients with PMMA-augmented screw fixation for stabilization of the
osteoporotic spine

22(59.5)

00
Fair (56 17459 127
Poor (4-1) 200641 3@
Mean Prolo score 422+095 7.76 £174
pvolue 0.001

PMMA : polymethyimethacryicte

observed (Fig. 3A). However, two years after surgery, a
screw-loose was found, which manifested as radiolucency
in the bone-screw interface (Fig. 3B). Pre- and postoperative
VAS’s in all patients in this study were compared for both
low back pain and leg pain. The postoperative VAS for low
back pain and leg pain (2.30 + 1.61 and 1.42 + 0.73) has
been decreased compared to preoperative VAS' (7.87 £
0.95 and 8.82 % 0.83). This data was statistically significant
(p = 0.006, p = 0.003) (Table 3). Using the method of
Prolo et al.*”, the result revealed that the preoperative values
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were an average of 4.22 * 0.95 and the postoperative, 7.76
*+ 1.74, which was statistically signi-ficant (p = 0.01) (Table
4). There were no screw fractures or construct failures.

DISCUSSION

Due to increased human life-spans and improvements in
the quality of life, the trend is that the frequency of transpe-
dicular screw fixation for degenerative spinal disease in
patients with poor bone quality is on the rise. In the severely
osteoporotic spine, the anchoring power of the transpedi-
cular screw is decreased and the probability of the failure of
screw fixation is high. To achieve successful transpedicular
screw fixation, the strength of the contact area between the
screw and the vertebra becomes the most important facror.
In osteoporotic spines, firm fixation strength cannot be
obtained due to the loss of healthy bone structures, and
thus additional procedures to improve screw fixation are
required.

The use of bone cement in orthopedic procedures involv-
ing joint prosthesis fixation has been in effect since the late
1960s, with consistent demonstration of a strengthened
bone-prosthesis interface*”. Data from recent spine studies
have revealed the same concepts to be applicable to PMMA-
augmented pedicle screw fixation here!'®!62°*35% " which
has also been used to increase the purchase of screws in
osteoporotic bone. Regarding the traditional use of PMMA
in the osteoporotic spine, first a pilot is drilled. Then, PMMA
is injected into pilot prior to screw insertion. PMMA is
spread by pressure into the vertebral body due to the
pedicle screw insertion with a risk of leakage into the spinal
canal, neural foramina or paravertebral veins. Even if
leakage of PMMA into the spinal canal is observed, inser-
tion of the pedicle screw into the pedicle cannot be inter-
rupted. The use of PMMA in this application also carries
the risk of complication due to an exothermic reaction as
the PMMA hardens, the latter being undesirable when it
occurs in close proximity to neural elements™. The risk of
PMMA extravasation in various series ranged between 27-
T4%71517272839  with resultant neurological deficits such as
radiculopathy and cord compression occurring in 3.7 and
0.5%, respectively”. In order to prevent this series compli-
cation, the recent use of bone cement injection using a
cannulated pedicle screw is regarded as a promising op-
tion'>'?. The present study as well as other published
results had no cases of radiculopathy or myelopathy due to
PMMA-extravasation. According to Frankel et al.’s paper'?,
PMMA extravasation occurred in 39%. In this study, the
occurrence was only 5.4% because of the low mean amount
of PMMA injected for each pedicle screw. In our study, it

was 1.83 + 0.11 mL (range, 1.7-2.0 mL) while the mean
amount of PMMA in Frankel et als cases' was 2.89 +
0.72 mL (range, 2.0-5.0 mL). On the other hand, for
Fransel et al.’s cases'”, though only three patients were
presented, 1.5 mL of PMMA was used in each patient and
no extravasation of the bone cement occurred™®. In addition,
according to the cadaveric study of Frankel et al."”, regard-
ing the amount of PMMA injected into the vertebral body,
the patients were divided into a “small-amount” group (<
2.8 ml/pedicle) and a “high-amount” group (= 5.5 mL/
pedicle). The pullout strength result for each group was
similar, therefore, the authors recommended using lower
amounts of cement for pedicle screw augmentation pro-
cedures'?.

There is no substitute for careful surgical technique by an
experienced surgeon using correct tap positioning with
adequate fluoroscopy to image the extent and direction of
PMMA injection. Any fluoroscopic demonstration of
cement extravasation, especially in a posterior direction,
should immediately result in the termination of injection
and abandonment of further injection.

Pulmonary embolism after vertebroplastic procedures has
been well-documented in the literature, with its incidence
ranging from 1-11%"*. After vertebroplastic procedures,
pulmonary embolism was shown to usually be asympto-
matic, but occasionally it could lead to death**"**%9. A
predisposing factor for PMMA migration into the venous
system is that the vertebral venous system does not possess
valves. To avoid this life-threatening complication, several
authors proposed various precautions. Several authors
enabled rapid detection of PMMA extravasation into the
perivertebral veins and spinal canal by performing the
procedure under the guidance of CT or intraoperative
biplanar radiography. Another important factor is the
correct handling of the vertebroplasty material : the mixture
must be prepared strictly according to the manufacturer’s
directions. The mixture should be injected during the
transitional period in which the PMMA passes from fluid
to solid and not too earlier. Following extravasation of
PMMA into the venous system, the injection must be
stopped immediately. A routine chest X-ray following the
procedure, regardless of the respiratory symptoms, is
therefore recommended by many authors®'?. Fortunately
for our cases, pulmonary embolism did not occur. Great
care must be used by the surgeon to prevent pulmonary
embolism after vertebroplastic procedures.

In all of our cases, posterior lumbar interbody fusion
(PLIF) using two PEEK cages and autologous local bone
was performed. Because of the osteoporosis and the
advanced age of the patents, cancellous bone from the iliac
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crest was not utilized for the posterior lumbar fusion thus
reducing the operative time and reducing in perioperative
complications. According to many publications, only the
use of a local bone graft can achieve a reliable fusion
rate”***¥_ The present study demonstrated that 34 patients
(91.9%) of 37 patients satisfied the fusion criteria. One of
the benefits of using PLIF cages is preventing the screw
relaxation. By supporting the anterior spinal column with
the interbody fusion, the possibility of an increased load on
the screws in the weak cancellous bone caused by flexion-
extension movement of the lumbar vertebra can be dimi-
nished. It is difficult to compare the fusion rate with other
studies since there are no publications using a similar
technique as ours. From the studies of others, the mean age
was younger than the patients of the present study but,
during 2 years of follow up, the fusion rates were similar
(89-95%)>**'*%. The fusion rate of our study is compara-
tively high, given the patient conditions, i.e., an older age
group and the presence of osteoporosis. Usually, for severe
osteoporosis, the anchoring strength of the screw to the
vertebra is lacking, when transpedicular screw fixation is
used, so that the fixation failure of the pedicle screw occurs
very often and raises the possibility of nonunion. Trans-
pedicular screw placement with PMMA is considered as
one of the options resulting in a better holding strength
and ultimately a better chance of union.

The problems of screw-loosening, which may lead to
nonunion of the spine, has not been solved completely by
pedicle screw fixation, as it’s rate still ranges from 0.6% to
11% in the literature cases reviewed by Esses et al.”. The
risk of screw-loosening is an inevitable concern when this
procedure is performed in the osteoporotic spine. It has
been demonstrated that BMD in the lumbar vertebra
affects the stability of pedicle screws iz vitrd®>®. In vivo,
however, there are very few studies that describe the
influence of BMD on the stability of pedicle screws.
Okuyama et al.” performed a study with patients who
underwent PLIF and stated that the mean BMD of
patients with “union” and “without screw loosening” was
significantly greater than those with “nonunion” and “screw
loosening”. They also stated that BMD is a crucial factor
influencing the development of loosening and nonunion in
pedicle screw fixation. In this study, screw loosening was
observed in one patient (2.7%) and nonunion in 3 patients
(8.1%). All those patients had severe osteoporosis (T-score
less than -4.0). And moreover, 50% of the total 6 patients
who had T-scores less than -4.0, did not achieve fusion
after all. Otherwise, the patients with T-scores of -3.9 and
above did not experience both screw loosening and nonun-
ion. Thus, BMD can be the most important factor which
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aftects pedicle screw fixation regarding screw loosening and
nonunion. Even PMMA augmentation using cannulated
pedicle screw fixation cannot be regarded as a complete
solution for a serious osteoporosis, L.e., T score < -4.0. It
should be remembered that PMMA augmentation simply
increases the physical interaction of titanium implants with
the interstices of cancellous bone. Ultimately, repetitive
cyclic loading in the absence of an effective interbody
fusion will result in implant and PMMA loosening.

CONCLUSION

According to the results of this paper, PMMA-augmen-
tation with cannulated pedicle screw fixation is an excellent
instrumentation method for use in the osteoporotic spine.
It is a safe and effective procedure with a low complication
rate compared with other methods. The injection of PMMA
through a cannulated pedicle screw has been shown to be
beneficial when an instrumented fusion is necessary for
osteoporotic spine by adding fixation strength. However,
more cases and longer follow-up duration are needed. In
addition, further evaluations regarding the effectiveness of
the PMMA augmentation method for the fusion in pati-
ents with severe osteoporosis will be required in the future.
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