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ABSTRACT

Objectives: (a) Research indications designed for cement-augmented pedicle screws (CAPS) concerning
patients with osteoporotic spine disease. (b) The biomechanics advantage outcome (c) The outcome
complications related by this surgery technique.

Methods: Database were searched by using PubMed, Google scholar, Cochrane library databases were
performed for articles that are randomized control trials, prospective, controlled studies and retrospective
with the subsequent key words for literature searches are “Cement augmented pedicle screw fixation
“Polymethylmethacrylate(PMMA)”, “Bone Mass Density (BMD)”, “Solid screw(SSs)”, “Fenestrated Screw(FSs)”,
in spinal disease with osteoporosis was treated surgically using CAPS fixation included in this manuscript and
reference list of preferred objects have been investigated since the database (1993-2020). Articles has been
chosen reviewing biomechanics advantage and complications in osteoporotic spine disease who underwent
Cement augmented pedicle screw fixation method.

Results: Total 387 manuscript out of which 10 articles were included in this study to assess the biomechanics
outcome of cement augmentation pedicle screw to observe the pullout strength in severe osteoporosis or
osteoporosis bone of different screw deign fenestrated screw (FSs), or Cannulated screw and solid screw (SSs)
with different volume of PMMA. were replicated using synthetic bone blocks and cadaveric human bone with
different density and different pedicle screw augmented method. However total 303 article was founded from
(1993-2020) about clinical complication related to this study design in which 7 prospective studies and 5
retrospective studies was included, the major complication was Cement leakage lead to pulmonary cement
embolism was observed in this study. However, cement leakage complication related to CAPSF in this study
were Asymptomatic.

Conclusion: CAPSF has been widely used in osteoporotic spine disease. However, biomechanics outcome and

Cement augmented related complication CL, PCE, neural function, wound infection, were studied. This method

IJSIT (www.ijsit.com), Volume 9, Issue 3, May-June 2020 136



Bikrant Mehta et al,, IJSIT, 2020, 9(3), 136-155

facilitated to increase the stability in osteoporotic vertebral patient and give improvement in clinical and
radiological studies.
Keywords: PMMA, cement, vertebral fracture, osteoporosis, pedicle screws, complications, biomechanics

advantage, Bone Mass Density (BMD)

INTRODUCTION

Osteoporosis:

It’s a disease of old aged population that lead to decrease in bone potency and increase fracture risk
due to low bone mass, worsening of bone tissue and disturbance of bone micro-architecture. It is constantly
increasing whole over the world. It became a major problem health problem [1-2]. About 200 million people
suffering from osteoporosis [3]. According to current data from international osteoporosis foundation it was
reported that in both Europe and USA, the incidence of osteoporosis about 30% women are osteoporotic and
40% postmenopausal women and 30% men will experience an osteoporotic fracture in their whole lives [4-5].
However, in some patient surgery in not indicated because of poor bone quality. Due to increasing number of
osteoporosis patient it's become big concern for spine surgeon to perform surgery [6-7].

+ Spinal degenerative disease afflicts a significant portion of the elderly and is increasing in prevalence.

+ Some of these individuals suffered vertebral fracture, deformity, and/or neural element compression due
to osteoporosis. In some cases, surgical treatment is unavoidable.

+* One of the challenges in spinal surgery is how to achieve optimal fixation of the pedicle screws and reduce
loosening at the bone-screw interface in osteoporotic spinal levels. Therefore, techniques to enhance the
fixation of pedicle screws are required.

+¢ Several studies demonstrated that the fixation strength in osteoporotic bone has been increased
significantly with polymethylmethacrylate (PMMA) augmentation of the pedicle screws.

++ Various types of cement augmented pedicle screw fixation (CAPSF) have been described in the literature,
including pre-filling PMMA with solid screws (SSs) and filling PMMA through fenestrated screws (FSs).

+ Meanwhile, high rates of cement extravasations have also been noted. Leakage of cement from the
vertebral body generally occurs through venous drainage of the vertebral body or through cortical defects
of the bone, with lower rates of clinical significance.

+ Indeed, pulmonary cement embolism (PCE) may occur and leads to disastrous consequences.

The objective of this retrospective manuscript was to assess the biomechanics outcome, incidence of

complications related to Cement augmented pedicle screw fixation (CAPSF) in Spinal disease with Osteoporosis

MATERIALS AND METHODS

Major Queries:

o

+ Whatare the Indications for Cement Augmented Pedicle Screw Fixation (CAPS)?
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+  What are the Biomechanics outcome of Cement augmented pedicle screw fixation?

+ Whatare the-complication of CAPSF

Our review article was divided in to two parts:

+ 1.The Biomechanics outcome of CAPSF.

% 2. The Complication of CAPSF

Eligibility Criteria for Selection of Studies:

Biomechanical studies testing of cement-augmented pedicle screws in human cadaveric or synthetic
cadaveric bone included in this study, Case studies, Prospective studies, retrospective studies, clinical studies,
randomized control trial, were implicated in this study. However, complication related with osteoporotic and
spinal degenerative disease patient were chosen for treatment with CAPSF method included in this study.

+ Theindications of CAPSF surgery was investigated by researching the inclusion and exclusion criteria from
year 1993 to 2020 independently according to key word, using the search terms “pedicle screw” combined
with “augmentation,”. However, CAPSF method used in osteoporotic spine disease included in this study
were discussed in detail.

+ The journal article related with biomechanics outcomes of cement augmented screws used in human
cadaveric and synthetic cadaveric bone since year 1993 were searched and evaluated.

+ All the article database was searched related with CAPSF complication in cases of osteoporosis and spine
disease since 1993-2020.

Data Extraction:

Related articles database were searched by using PubMed, Google scholar, Medline, Cochrane library
databases were identified from 1993 to 2020 for articles that are randomized control trials, prospective
studies, Case studies, retrospective and reviews, with the subsequent key words for literature searches are
“Cement augmented pedicle screw fixation(CAPS), “Polymethylmethacrylate(PMMA)”, “Bone Mass Density
(BMD)”, “Solid screw(SSs)”, “Fenestrated Screw(FSs)”, “PMMA,” in spinal disease with osteoporosis treated
surgically using CAPS fixation included in this manuscript. Studies describing the Biomechanics advantages and
the complication of pedicle screw in human cadaveric or synthetic cadaveric bone were included.
“Kyphoplasty” and “Vertebroplasty” technique are notincluded in this article. However, clinical data, technique
reports, case reports, review papers, letter to the editor, not in English include in this article, studies only with
animal bone tissue and modeling data were excluded. To find the appropriate study, we scanned reference list
by manually from identified trials and review article.

Important Query:

Studying citation, inclusion and exclusion criteria, osteoporotic spinal degenerative treatment, CAPSF

method, biomechanics outcomes, CAPSF complications, study year.
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Study Selection:

Study choice was based on given following eligibility criteria:
« Patient with osteoporosis and spinal degenerative disease.

¢ CAPSF method used for treatment.

+ 3.Biomechanics outcomes

% 4.complication of CAPSF.

Data Collection:

Information were collected in an arranged form which included title of the study, author details and
study year, age of patients, number of patients, number of screws, indications of surgery, level of spine treated,
biomechanics outcome, and complications of the surgery.

Part 1. Biomechanics outcomes:

However, biomechanical testing of cement-augmented pedicle screws in human cadaveric or synthetic
cadaveric bone was done with different volumes of PMMA and types of cement augmented pedicle screw to
assess the axial pullout strength see flow diagram (Table-1)

Part 2. Complications of CAPSF:

Cement-related complications such as infection, instrument failure, CSF leak, neurological
complication. However, major complication PCE (pulmonary cement embolism), cement leakage (CL)
complications were observed using C-arm fluoroscopy or CT scan postoperatively and Yeom'’s classification

applied in numerous studies to categorize cement leak pattern based on CT scan imaging studies. (Table-2)
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The related literature (n=387)
preliminarily selected by key words
in the database

Literature obtained after
eliminating repetition(n=333)

Literature selected after reading the
title and abstract[n=42)

¥

Exclude after reading the title and
abstract(n=291) where clinical data,
technical report, case reports article with
animal bone tissue and modeling data

were excluded.

:

Literature obtained after reading the
full text (n=10)

Literature finally included in review
n=10]

Exclude after threading the full text
[n=32] where incomplete data study
(n=16) study with high lost visit rate (n=7)
study with inconsistent efficacy index

(n=9)

Table 1: Flow diagram study data of biomechanics outcome

The related literature (n=303)
preliminarily selected by key words in
the database

h 4

Literature obtained after eliminating
repetition’n=291)

|

Literature zelected after reading the title
and abstract(n=113)

l

Literature obtained after reading the
full text (n=15)

Key word search term includes “Cement

augmented pedicle screw,” osteoporotic

vertebral fracture.” “PMMA,” “pedicle
screw,”

related with cadaveric, in vitro,

Y

Literature finally included in review
(n=13)

technique, CP cements cement

Excluded based on abstract and title (n=08)

vertebroplasty, kyphoplasty, percutanecus

Table 2: Flow diagram Study data of complication
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RESULTS

The preliminary related literature searched according to title and abstract was 42 articles related to
CAPSF biomechanics outcome. After reviewing the full text about biomechanics outcome 10 (23%) related
articles were included in this study. However, 7(16.1%) studies related to cadaveric human osteoporotic bone
and 3(6.9%) studies included for synthetic cadaveric bone.

Same as clinical complication of CAPSF data was searched 35 out of 303 article using key word and
term title and abstract, excluding the unrelated data and reviewing the full text article related to clinical
complication 15 (42.8.%) studies was included in this review. Out of 15 (42.8%) Article, 9 (25.7%)
prospective study, 6 retrospective study (17.1%) included in this study.

Indication of CAPSF:

Usually, several spine surgeons have developed various new method and instruments that expanded
the indications of cement augmented pedicle screw fixation for treatment Spine disease with osteoporosis. The
Spine surgeon chooses operating method according to indication of CAP (Cement Augmented pedicle) Screw
fixation for management of Spine disease like osteoporotic spine, spinal degenerative disease, Scoliosis, ADS
(Adult Degenerative Scoliosis), and so forth. However additional surgical indications were associated
osteoporotic vertebral fractures, neurological deficit following vertebral fracture, progressive kyphosis, failure
of conservative treatment leading to diminished quality of life. Patients with severe osteoporosis based on BMD
were treated with CAPS in most of the studies. Most of the studies were still lack regarding indication of surgery

according to demand of spine surgery.

Author/ | Sample Levels | Cement | Screw and | Cement | Biomechanics | Outcomes
study model Cement Volume
year Implantati | (cc)
on
Sven et | Normal vs | L1-L5 PMMA Solid, with | 2 Cyclic No difference in
al. osteoporo or without compressive screw  migration
(2004) tic cement loading with cement in
cadaveric normal bone, less
vertebrae displacement with
cement in
osteoporotic bone
Chao et | Osteoporo | T10-L5 | PMMA Fenestrate | 2 Axial pullout, | 4 to  5.6-fold
al. tic d stiffness, increase in pullout
(2013) cadaveric (prefilled energy to | strength with
spines or through failure cement, pre-filling
screw) hole with higher
failure energy than
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injecting through

fenestration

Goost et | Normal vs | T12-L5 | PMMA Fenestrate | 3 Axial pullout | 2.1-fold increase in
al. osteoporo d, with or pullout  strength
(2014) tic without for  osteoporotic
cadaveric cement group, 1.5fold
vertebrae increase in normal
group
Kueny et | Osteoporo | L1-L5 | PMMA Fenestrate | NR Toggle fatigue | Both cement
al. tic d, testing, axial | augmentation
(2014) cadaveric prefilled, pullout techniques
vertebrae screw increased pullout
injected, force, but better
large fatigue resistance
diameter in screw injected
nonaugme group
nted
Choma Osteoporo | T6-L5 | PMMA Non- 2 Axial pullout, | All augmentation
et al. | tic augmente removal techniques
(2012) cadaveric d, solid torque significantly better
vertebrae with pullout  strength
PMMA, than control;
partially partial
fenestrate fenestration had
d, fully better pullout
fenestrate strength than solid
d screw with cement
prefilling
Frankel | Osteoporo | T5-L5 | PMMA Solid, with | <2.8 vs | Axial pullout | 2.2-fold increase in
et al. | tic or without | >5.5 pullout  strength
(2007) cadaveric cement with
vertebrae augmentation, no
change with higher
cement volume
142
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Pare et | Osteoporo | T7-L5 | PMMA Solid wvs | 0.5, 1, | Axial pullout, | All volumes except
al. (] tic fenestrate | 1.5 removal 0.5 cc had
2011) cadaveric d screw | (thoracic | torque significant
vertebrae with ); 1.5, increase in pullout
cement 2,2.5 strength, no
(lumbar) difference for
higher volumes
Chen et | Synthetic | N/A PMMA Solid wvs |3 Axial pullout | Prefilling cement
al. bone fenestrate had improved
(2011) blocks d, conical pullout  strength
simulating Vs compared to
severe cylindrical fenestrated screw
osteoporo injection
sis
Chen et | Synthetic | N/A PMMA Fenestrate | 3 Axial pullout | Pullout strength
al. ( | bone d screw, increased with
2009) with  or greater number of
without radial screw holes
radial
holes
Folsch et | Synthetic | N/A PMMA Fenestrate | 0.5-4.5 Axial pullout | Significant
al. ( | osteoporo d screw increase in pullout
2012) tic bone strength from 2-3
cc, with linear
correlation up to 4
cc cement

Abbreviations: PMMA-Polymethylmethacrylate, NR: not recorded, N/A: not applicable.

Table1l: Details of the Biomechanics Outcome Studies.
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Authors | Age(years) | Sample Screw No. Complication
(year) size Pre op Post op

Clinical
Chang et | 75.1(range | 41 300(C291) CL (Yeom’s | Deep infection: 2(4.87%)
al. 50-90) classification): 22 | Neurological improvement
(2008) (26.2%) screws: Type | 31 (76%) patients (Frankel
Retrosp S 15 (68%); type B 7 | grading)
ective (32%)
study
Janssen | 71+11.2(ra | 165 CL 110 (66.7%), Superficial infection-
et al. | nge46-93) Radiological CL 13 | 3(1.81%), CSF  leak-
(2017) years) (7.9%), symptomatic | 3(1.81%) case, Pulmonary
Retrosp CL 5 (3%), cement embolism
ective Anaphylaxis, cement | (7.9%) in 13 case
study induced 1.2%
Martin- | 73.6+7.2(ra | 313 780 CL: 62.3% of | -deep infection 13 (4.1%),
Fernand | nge 40.4-90 vertebrae. -No instrument related
ez et al. asymptomatic complication
(2017) -2(0.6%) had radicular
Retrosp pain at S1 foramina
ective
single-
center
study.
Pineraet | Mean age | 23 103 CL (Yeom’s | -3 (13%) deep infections
al. 77 year classification) 29.3% | -2 screws -Mispositioning
(2011) of -Implant related
Prospect vertebra. Type B 8 | complication- No screw
ive (13.8%); type S 12 loosening or back-out
study (20.7%); type C 3;

foraminal 2 (3.4%),

1(3.4%) extra
vertebral, no nerve
root symptoms.

144
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Park et | 72(range65 | 10 - CL1 Superficial/deep infection
al. -85) 0
(2015)
Prospect
ive
study
Guo HZ 202 950 - CL-16(81.68%) and
et al. 335 screws (35.26%),
(2019) CL types S-255(76.12%),
Prospect type B-77(22.99%), type C-
ive stud 30(8.96%) of screws,
y
Abousay | Mean age | 25 CL-5 Implant related
ed M et | 24.84 complication-
al. months no screw loosening, no
(2018) screw back out
Retrosp
ective
observat
ional
study.
Wang Z 128 418 - Cement extravasation in 27
et al. patients,
(2019) Infection -0
prospect Blood clot-0
ive
study
Girardo | 73.4 years 52 410 8 cases-CL (Yeom | -Thrombophlebitis-
M et al patients classification) CL 3(5.7%)
(2017) (20 Type C-1, Type B- 2, | -superficial infection-
Prospect males Type S-5, 2(3.84%)
ive and 32 - No neurological | -screw loosening-0
study females) deficit
-CSF leak-0

145
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Mueller 98 474 -Asymptomatic
JU et al perivertebral CL- 88
(2016) (93.6%) and 165
Prospect augmented vertebrae
ive (73.3%).
cohort - PCE-4 (4. %) cases
studies Asymptomatic.
Dai F et 43 125 cement leakage-4 | no neurological
al. patient complication
(2015)
Prospect
ive
studies
Seoetal | C: 66.5 | 250 (C|C 947, NC|CL 2 (transient | Deep infection (C 1; NC 2),
(2012) (range 49- | 157, NC | 458 hypoesthesia 1, motor | Screw loosening: C 0; NC 5
retrospe | 74); 93) weakness 1) (revised
ctivestu | NC:62.8 with cemented screws)
dy (range 46-

69)
Ullusoy | 70.5 (51- | 281 2978 224(79.7%) CL -symptomatic PCE 1.4% (4
et al. | 89) of 281)
(2018) -46(16.3%) PCE
retrospe radiologically
ctive
study
Wuisma | 36.1 (range | 7 48 CL  192% (4/48 | 1. Transient nerve palsy -1
n et al | 11-62) screws) 2. Pulmonary embolism- 1
(2000) 3. screw loosening -0
Prospect
ive
studies
Moon et | 68.7 (range | 37 168 CL 2 (5.4%) 1. Superficial infection: 0
al. 57-88) 2. CSF leak, delayed 2
(2009) 3. Screw loosening: 1

(2.7%)
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Prospect
ive

studies

Table 2: Details of the Clinical Complication studies.

Abbreviations: CL-cement leakage, PCE-pulmonary cement embolism, CSF-cerebral spinal fluid, C-Cemented,

NC-Non cemented

Discussion
Part 1. Biomechanics outcome of CAPSF in cadaveric human and synthetic model:

Globally used PMMA cement in osteoporosis become a tough task for spine surgeon to improve the
stability of pedicle screw fixation. however due to excellent biomechanical outcome PMMA cement, it was
become the first choice for spine surgeon to enhance pedicle screw fixation. Previously, PMMA cement used to
directly inject in the pilot hole lots by many scholars to enhance screw stability. However due to improvement
of study, scholars started to infuse PMMA cement through different-designed injectable pedicle screw to
increase screw stability. Though, there was significant difference in the volumes of PMMA injected and in screw
stability among different experiments. PMMA cement used to fill trabecular space provides strong fixation. It
increased axial pull-out strength and decreased loosening after PMMA cement augmentation of pedicle screws
[8]. Usually biomechanical property of pedicle screw fixation examined using two methods: axial pullout testing
and cyclic cephalocaudal toggle displacement [9].

However, axial pull out testing become frequently used (ASTM F543) because of easy arrangement and
reliable outcome. Many studies have been proven to know the importance of screw augmentation with PMMA
in osteoporotic cadaveric bone and synthetics cadaver bone to assess the biomechanics properties.

The Effect of pullout strength on Cement Volume on Pedicle Screw Augmentation:

There are several studies compared the effect of different cement volume on pullout strength. Two
studies Frankel et al. [10] and Folsch et al. [11] compared studies about biomechanics outcome with different
volume of augmented PMMA cement injected through Fenestrated screw in osteoporotic cadaveric vertebra
and synthetic vertebral bone respectively, According to Folsch et al. [11] cement PMMA injected in to the
synthetic vertebra range of cement volumes commonly used from 0.5-4.5 cc. However, up to 4 cc, volume of
2cc to 3cc cement injected in synthetic bone enhanced the axial pullout strength. Similarly, Frankel et al. [10]
usage PMMA cement mean volume 3.7 (range 2-8.0 mL) through novel fenestrated screw in human cadaveric
model at the level T5 and L5 vertebra to increase pedicle screw fixation. Its enhanced pullout strength in both
primary and revision methods by 119% and 162% respectively, following PMMA augmentation. however,
pullout strength did not significantly alter with increased cement injected between the low-cement group

(<2.8mL/pedicle) and the high cement group (=5.5mL/pedicle). Similarly, Chen et al. [12] noticed that
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injection of PMMA cement 1, 2, 3 mL substantially enhanced the biomechanical screw stability by 259%, 508%,
and 715%, respectively, there were significant changes in screw stability between augmented PMMA cemented
group and non- augmented group in severely osteoporotic synthetic blocks. However, fixation strength of
screw increased with each 1 mL increased of PMMA cement. So that difference in volume of PMMA result in
biomechanical difference of screw stability was observed in many studies. The reviewed studies indicated that

a volume around 2-3 cc maximized the initial fixation of the screws.

The Effect of Axial pullout strength on Pedicle Screw Augmentation through

Fenestrated or cannulated pedicle screw (FPSs) and solid screw (SSs):

Pare et al. [13] compared pullout strength between augmented and non-augmented vertebra injected
with different volumes of PMMA into vertebrae through fenestrated pedicle screws (0.5, 1.0, and 1.5mL in
thoracic vertebrae, and 1.5, 2.0, and 2.5 mL in lumbar vertebrae). Except for the screw receiving 0.5 mL of
PMMA augmented through fenestrated screw in thoracic vertebrae, the augmented fenestrated screws as
compared with non-cement-augmented pedicle screws for the screws receiving 1.0 mL (186%) and 1.5 mL of
PMMA (158%) in the thoracic vertebrae respectively, so that pullout strength significantly increased in
augmented fenestrated screw. However, the cement PMMA injected through screws with volume of 1.5 mL
(264%), 2.0 mL (221%), and 2.5 mL (198%) in the lumbar vertebrae was Statistically significant increase was
noticed in this study. There was no significant difference was observed at higher volumes of cement used to
increase the screw stability. However, author did not evaluate the correlation between screw stability and
volume of PMMA cement in their research. However, several comparative researches were focused on
fenestrated augmented pedicle screw of different volumes of PMMA cement injection, only some researches
centered on the traditional injection technique. As we realized, it was tough to get osteoporotic and severe
osteoporotic cadaveric spinal model. In this study, Chen et al. [14] studied in synthetic bone was applied as
alternative for cadaveric spinal bone because of reliable and similar structural properties. Nevertheless, of the
screw external geometry (conical or cylindrical), solid screws with retrograde cement pre-filling showed
significantly higher pullout strength than cannulated screw with retrograde cement pre-filling, however, solid
screws without cement augmentation showed the lowest pullout strength. For the conical screws, the solid
type provided a 23% increase in the pullout strength when compared to the cannulated type. As compare to
cylindrical screws, the solid type provided a 41% increase in the pullout strength when matched to the
cannulated type. For a given screw augmentation method (screw without cement augmentation, cannulated
screw with cement injection or solid screw with cement pre-filling), there was no significant variation in axial
pullout strength was observed among conical and cylindrical screws. Similarly, Ying et al. [15] measured the
pullout strength of PMMA augmentation of fenestrated screws in synthetic osteoporotic bone after
augmentation and screwing out, three threads 24 hour later. They observed that all augmented screws had a
significant increase in pullout strength compared to non-augmented screws, however, altered screws had
lower pullout strengths than the non-altered screws. Moreover, after screwing in three threads, a radiolucent

cavity was noted in the vertebral body due to migration of the cement-screw complex. Chao et al. [16]
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determined the biomechanical property, cement injected through fenestrated screws with either cement pre-
filling or injection through the screw the pull-out strength and stiffness-to-failure ratio of cement pre-filled and
cement-injected screws were significantly higher than the non-cement-augmented control group. However, the
cement pre-filled and cement-injected groups did not differ significantly, even though comparison between
placing fenestrated screws in pre-filled cement and injecting through the screw, both techniques improved
axial pullout force but there was better fatigue resistance in the screw injection group.

Though, many researches compared pullout strength between solid and fenestrated screws. Due to
varied biological outcomes between cement pre-filling, cement augmented through fenestrated screw
recommend that at best. however, cement augmented fenestrated screw technically easier, numerous extra
complications are introduced with their use. There are many types of screw designs for cement augmentation
that effect the biomechanical outcome, by alterations in fenestration position, size and the number of
fenestrations. Moreover, the viscosity of the cement may be more significant with fenestrated screws due to
smaller holes to inject through, with possibly much larger injection pressures required. Choma et al. [17]
compared the effects of PMMA augmentation in osteoporotic vertebra from T6-L5 and found no difference in
axial pullout strength between high and low viscosity cement. Furthermore, there was some conflict with the
location of the cement, as it primarily concentrated outside of the proximal fenestration, while more diffuse
cement along the screw tract has been shown to lead to improved screw fixation [18].

In this review study about biomechanics outcome of Cement augmented pedicle screw fixation not
only founded the relationship between screw stability and volume of PMMA and the preferred volume of
injected PMMA in synthetic bone blocks and cadaveric human model with different density, but also provided
the feasibility for the future study in vertebral samples. The result in this study also provided the guideline for
the injected volume of cement and different method used for screw fixation in osteoporotic spine disease in
vertebral body in the future.

As we knew, there were different microstructures of bone tissue in different vertebral bodies. There
were also different microstructures of cancellous bone in different regions in one vertebral body. For this
reason, we cannot ensure the exact same distribution and interdigitation of PMMA augmented screw fixation
to the surrounding bone tissue by vertebra to vertebra. That may bring influence on the fixation strength of
pedicle screw. In order to study relationship between the different distribution of PMMA and fixation
strength, we also had designed several injection sheaths with different lateral holes. With the same volume of
injected PMMA, we found varying distribution of PMMA augmented method and varying screw stability. The
results of that experiment are still being interpreted and still concern for future study. (Table 1.)

Part 2. The complication of CAPSF:

Complications associated with PMMA augmented cement were observed in this study. However,
CAPSF method was used in this study to enhance the pedicle screws stability in poor quality bone. Most
common complication observed in the studies was Cement leakage (CL), however, complications of Cement

Leakage lead to pulmonary embolism (PCE) also noticed in few studies. Less complication such as infection,
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nerve injury, Cerebral spinal fluid (CSF) leakage, instrument related complication Screw loosening, Screw
migration, including terms cut-out, pull-out, cut-through, back-out, Screw breakage was also included.
However, total number of patient 1547 and 8159 screw was including in our studies. (Table.2)
Cement Leakage (CL): The more common complication CL (cement leakage) that lead pulmonary cement
embolism (PCE). The leakage pattern classified according to Yeom’s [19] classification was Type-B leakage -
basivertebral epidural veins, type-S- segmental veins, and type-C- cortical defects. Janssen et al. [20] mentioned
in their retrospective studies out of 110 of 165 sample of patients in which Cement leakage (66.7%) was
observed clinically asymptomatic. Similarly, Martin-Fernandez et al. [21] in their retrospectives studied 313
sample patients and 780 screw was included in their studies, Cement leakage was observed in 650 vertebrae
(62.3%). No severe clinical complications related to CL. Comparing the both clinical studied its suggested that
Jansen et al. [20] has high (7.9%) incidence of CL as compared to Martin-Fernandez et al. [21] in their
retrospectives studied. Similarly, Ullusoy et al. [22] in retrospective series, used 2978 cement augmented
fenestrated pedicle screw (CAFPS) in 281 patients, 224 (79.7%) patients had bone cement leakage. The analysis
of the leakage causes may be related to the amount of cement injected into each pedicle screw. However, the
risk of CL is higher in various spinal instrumentation surgery.
Neurological complication: Four studies were included to observe neurological complication one
comparative retrospective studies was done by Seo et al. [23] in 2012 using 146 out of 157 patients (93%) in
Group A and 83 out of 93 patients (90%) in Group B, none of the patients experienced serious complications.
However, 2(1.8%) patient had neurological complication, 1 patient transient hypoesthesia, 1 had motor
weakness due to bone cement extravasation in group A. Similarly, prospective study was done by Girardo M et
al. [24] no any neurological deficit was observed. However according to Chang et al. [25] in Retrospective study
neurological improvement 31 (76%) patients according to Frankel grading). Martin-Fernandez et al. [21] had
observed 2(0.6%) had radicular pain at S1 foramina. As comparing three studies total (2.4%) neurological
complication observed in Seo et al. [23] and Martin-Fernandez et al. [21] however there was neurological
improvement 31 (76%) study done by Chang et al [25]. Wuisman et al. [26] observed in 1 patient had transient
nerve palsy out of 4 patients.
Infection: The clinical complication after CAPSF method was used in osteoporotic spine infection like
superficial infection and deep infection complication was observed in this study include 3 retrospective, 2
prospective study and one comparative study. Janssen et al. [20] observed 3(1.81%) Superficial infection.
Similarly, Martin-Fernandez et al. [21] in their retrospectives studied 13 patients (4.1%) had got deep
infections, 2 had chronic infections. All patients responded well to antibiotic therapy. Chang MC et al. [25]
founded 2(4.87%) patient had deep infection in their retrospective study. Seo et al. [23] in retrospective study
was done to compare the cement augmented and non-cement augmented screw fixation deep infection
complication was observed, cement augmented group and non-cement group 1(0.63%) and 2 (2.1%)
respectively. In two prospective study done by Girardo M et al. [24] and Pifiera AR et al. [27] they observed 3
(5.7%) thrombophlebitis, 2 (3.84 %) superficial infection and 3 (13%) deep infections respectively.
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Implant Related Complication: Instrument related complication Screw loosening, Screw migration, including
terms (cut-out, pull-out, cut-through, back-out, Screw breakage). In this study implant related complication
was included in four studies two retrospective studies and two prospective study. Pifiera AR et al. [27] in their
prospective study using cannulated cemented pedicle screw instrumentation in the elderly patient mean age
77-year, 23 patients were included, 103 screw, 58 cemented vertebrae in 23 patients was injected using PMMA
augmented cannulated screw 2 cases has foraminal leakage due to screw malposition and 1 extra vertebral; 2
screws -Mispositioning, no Implant related complication- no screw loosening or back-out has been observed.
Similarly, Girardo M et al. [24] in their prospective studies between 2011 to 2015 treated 52 patients (20 males
and 32 females) age range between 65 and 82 years, 410 fenestrated PMMA augmented pedicle screw. No
cases of screw loosening were recorded.

However, Moon et al. [28] in Prospective studies from 2005 and 2007 in Thirty-seven patients with
degenerative spinal stenosis and osteoporosis underwent lumbar fusion the implant related complication
Screw loosening was observed in 1 (2.7%). Seo et al. [23] observed no Screw loosening in Cement augmented
screw, however 5 cases had screw loosening was seen in non-cemented screw that required re-operation for
bone cement augmentation.

Cerebral Spinal fluid (CSF) leakage:

Two studies were done related to complication of CSF in this review Moon et al. [28] and Jansen et al.
[20] had observed 2 delayed cases CSF leak and CSF leak was seen in 3 (1.84%) patients respectively. Similarly,

Girardo M et al. [24] in their prospective studies no CSF leak was founded.
(Pulmonary Cement embolism) PCE:

Janssen et al. [20] PCE was observed in 13 patients (7.9%) in which five patients (3.0%) were
presented with symptom. total (5.5%) in nine patient symptomatic complication was observed. similarly,
Ullusoy et al. [22] in retrospective series total 46 (16.3%) patients had pulmonary embolism radiologically
observed. However only 4 (1.4%) (4 of 281) patient had the incidence of symptomatic PCE was seen. Wuisman
etal. [26] and Muller et al. [29] observed PCE complication in their study 1 case of PCE and 4 (4. %) PCE cases
asymptomatic respectively.

Overall pulmonary cement embolism (PCE) was reported in 16 cases (1.5%); highest incidence of PCE
7.9% was described by Janssen et al. [20] in their study. PMMA cement injected through cannulated pedicle
screw was effective for osteoporotic patients who underwent spinal instrumentation and decompression
surgery. CL related PCE complication more observed in this study however the majority of CL cases were
asymptomatic, CL was classified according to Yeom'’s classification.[19] Type-B (leakage occurred through
basivertebral epidural veins), type-S occurred through (segmental veins), and type-C through (Cortical
defects).

Four studies were used Yeom's classification to define cement leak in this study. Most common pattern
of CL occurred through basivertebral veins (type S, Segmental veins). Similarly, Guo HZ et al. [30] in their
retrospective studies cement leakage types of S, B and C were seen in 255 (76.12%), 77 (22.99%), and 30
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(8.96%) of screws, respectively. Pifiera AR et al. [27] in their prospective study Cement leakage was observed
in 29% of vertebra, Type B leakage in 8 (13.8%); type S leakage in 12 (20.7%); type C 3. Similarly, Girardo M et
al. [24] in their prospective studies incidence cement leakage was seen in 8 patients, leakage pattern was
recorded according to Yeom’s classification. Type B -2, type S -5, type C- 1 with no neurological loss. Chang MC
et al. [25] did retrospective study CL was observed according to (Yeom'’s classification): 22 (26.2%) screws:
Type S 15 (68%); type B 7 (32%).

Abousayed M et al. [31] observed in their studies through fenestrated pedicle screw augmentation in
osteoporotic vertebra cement leakage was observed in 5 cases. That's why CAPSF method through fenestrated
augmented screws provided effective and lasting purchase in patients with osteoporosis and reduce the risk
cement leakage.

Janssen et al. [20], Marti'n-Ferna'ndez et al. [21] and Ullusoy et al. [22] in their retrospective studies,
had described incidence rates of CL 66.7%, 62.3% and 79.7% respectively, but Ullusoy et al. [22] studies show
high incidence 79.7% CL in comparison to other studies. Even though, incidence of CL was asymptomatic so
that no need of further treatment, so that morbidity and mortality related to cement injection has been
important. Janssen et al. [20] observed 1.8% mortality rate in 30 days follow up after operation, they
recommended to use proper cement augmentation. Mueller et al. [29] in their prospective cohort studies
asymptomatic perivertebral cement leakage was seen in 88 patients (93.6%), 165 augmented vertebrae
(73.3%). Cement leakage commonly occurred in perivertebral venous system. However, proper method of
Cement augmentation technique has not reduced the incidence rates of Cement leakage related complication.
Different plan has been made to reduce the risk of cement leakage. Cement augmented with Fenestrated screws
become excellent choice for pedicle screw fixation in osteoporotic vertebra. two studies included Girardo M et
al. [24] etal and Abousayed M etal. [31] PPMA cement injected through fenestrated pedicle screw the incidence
of CL rate was 2 to 5% respectively observed less than other studies. However, no implant related complication,
no CSF leakage and no neurological deficit was seen in both studies.

According to proper indication used for surgery in different spine deformity patient. Nevertheless, it
was out of the current study based on the article research. Complication for CAPSF have been defined in this
study in (Table.2). The incidence of complications associated with cement augmented pedicle screw cannot be
ignored. However, careful use of cement injected through screw during procedure can minimize risk of vascular

complications along with CL related Pulmonary cement embolism (PCE) in osteoporotic patient.

CONCLUSION

Cement augmented pedicle screw method perhaps useful in osteoporotic spine, PMMA cement used to
increase stability of pedicle screw in both cadaveric osteoporotic vertebra and synthetic bone block using
CAPSF technique. There were strong correlations between screw stability and the volume of PMMA, and the
screw stability was increased with the increment in the volume of PMMA. CL was the most common

complication reported. Most of the CL remained asymptomatic. So, improper use of cement augmentation was

IJSIT (www.ijsit.com), Volume 9, Issue 3, May-June 2020 152


https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=18449032

Bikrant Mehta et al,, IJSIT, 2020, 9(3), 136-155

prohibited. However, risks of CL resulting from diminished bone quality but there were no any proper studies

has shown than proper technique during cement augmented pedicle screw fixation minimize the risk of

complication.
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