
lable at ScienceDirect

Journal of Clinical Orthopaedics and Trauma 11 (2020) 778e785
Contents lists avai
Journal of Clinical Orthopaedics and Trauma

journal homepage: www.elsevier .com/locate/ jcot
Advancements in osteoporotic spine fixation

Vikas Tandon a, *, Jorg Franke b, Kalyan Kumar Varma Kalidindi a

a Department of Spine Service, Indian Spinal Injuries Center, Sector-C, Vasant Kunj, New Delhi, 110070, India
b Department of Orthopedics, Klinikum Magdeburg, Magdeburg, Germany
a r t i c l e i n f o

Article history:
Received 25 February 2020
Received in revised form
12 June 2020
Accepted 16 June 2020
Available online 6 July 2020

Keywords:
Osteoporosis, surgery
spine, surgery
Review literature
Recent advances
Evidence
* Corresponding author. Sr. Consultant and Unit
Service, Indian Spinal Injuries Center, Vasant Kunj, N

E-mail addresses: vikas.spinesurgeon@gmail.com (
de (J. Franke), kalyanvarmambbs@gmail.com (K.K.V. K

https://doi.org/10.1016/j.jcot.2020.06.028
0976-5662/© 2020 Delhi Orthopedic Association. All
a b s t r a c t

With the global rise in the population of elderly along with other risk factors, spine surgeons have to
encounter osteoporotic spine more often. Osteoporotic spine, however, causes problems in management,
particularly where instrumentation is involved, resulting in screw loosening, pull out, pseudoarthroses or
adjacent segment kyphosis. Osteoporosis alters the bio mechanics at the bone implant interface resulting
in various degrees of fixation failure. Various advancements have been made in this field to deal with
such issues in addition to modification of basic surgical techniques such as increasing the diameter and
length of the screw, smaller pilot hole, under tapping, longer constructs, supplemental anterior fixation,
sublaminar wires or laminar hooks, use of transverse connectors and triangulation techniques, among
others. They include novel surgical techniques such as cortical bone trajectory, superior cortical trajec-
tory, double screw technique, cross trajectory technique, bicortical screw technique or prophylactic
vertebroplasty. Advances in the screw design include expandable screws, fenestrated screws, conical
screws and coated screws. In addition to PMMA cement augmentation, other biodegradable cements
have been introduced to mitigate the side effects of PMMA such as calcium phosphate, calcium apatite
and hydroxyapatite. Pharmacotherapy with teriparatide can aid fusion and lower the rate of pedicle
screw loosening. Many of these strategies have only bio mechanical evidence and require well designed
clinical trials to establish their clinical efficacy. Though no single technique is fool proof, little modifi-
cations in the existing techniques or utilizing a combination of techniques without adding to the cost of
the surgery may help to achieve a near-ideal result. Surgeons have to equip their armamentariumwith all
the recent advances, and should be open to novel thoughts and techniques.

© 2020 Delhi Orthopedic Association. All rights reserved.
1. Introduction

According to Population Census 2011 there are nearly 104
million elderly persons (aged 60 years or above) in India; 53 million
females and 51 million males. A report released by the United
Nations Population Fund and Help Age India suggests that the
number of elderly persons is expected to grow to 173 million by
2026.1 With the growing population of older adults in India as well
as globally, along with the growing incidence of other risk factors
such as Vitamin D deficiency, sedentary lifestyle, smoking etc. spine
surgeons have to encounter and deal with an osteoporotic spine
more often.2 Also, with improvement in the anaesthetic and peri-
operative care, previously apprehensive patients and surgeons have
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become more willing for spine surgery even in the elderly.
Instrumented fusions with pedicle screw instrumentation have

become the standard of care in spinal fusion surgery. Osteoporotic
spine, however, complicates the management. Due to its fragile
character, it often causes problems with instrumentation. Early
complications such as pedicle and compression fractures and late
complications such as pseudarthroses with instrumentation failure,
adjacent-level disc degeneration with herniation, and progressive
junctional kyphosis as a result of compression fractures have been
reported after osteoporotic spine fixation.3 Hardware loosening or
pull-out can occur as a result of micro-motion or injuries or
excessive forces at the bone-metal boundaries.4 Pseudarthroses as
a result of excessive osteoclastic activity over osteoblastic activity
which happens in osteoporosis can result in longer than usual
period of stress on the implant and thereby contribute to instru-
mentation failure.5 Adjacent level kyphosis can alter the number of
levels involved in instrumentation.4 This is of particular concern
when the construct ends at a kyphotic segment or at a transitional
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Table 1
A table summarizing the advances in osteoporotic spine fixation.

Basic surgical techniques:
Increasing diameter of screw
Increasing length of screw
Small pilot hole
Under tapping of screw track
Longer construct
Supplemental anterior fixation
Use of laminar hooks or wires
Use of transverse connectors
Triangulation techniques

Novel surgical techniques:
Cortical bone trajectory
Superior cortical screw technique
Double screw technique
Cross screw trajectory
Bicortical screw technique

Novel screw or construct design:
Expandable screws
Fenestrated pedicle screws
Conical screws
Coated screws

Cement augmentation
Prophylactic vertebroplasty
Perioperative pharmacotherapy
Other novel strategies:
Biomolecular coating
Novel biomaterials
Biodegradable cements
Combination techniques
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area. Even anterior instrumentation failure can occur secondary to
continuous cyclic loading, cut out and subsidence of inter body
devices into osteoporotic bone.6

Attempts have been made to address these concerns and there
have been advancements in the variety of designs and surgical
techniques, both in laboratory setting and in clinical setting to
achieve optimal fixation of implant within bone of compromised
quality. The purpose of this review is to outline the various ad-
vancements in osteoporotic fixation, the underlying principles, the
advantages and disadvantages and the lacunae in developing a
fool-proof technique of osteoporotic spine fixation.

We used MESH terms "Spine/surgery" AND "Osteoporosis" to
find all the relevant articles till date. 563 articles were found of
which full text articles were available for 497 articles. We accu-
mulated all the articles which described techniques to improve the
fixation strength of implants in osteoporotic spine fixation. We also
went through the other similar and relevant articles. We tried to
grossly divide them into advancements in screw or construct
design and advancements in surgical techniques (Table 1). Finally,
we added a note on the way forward in achieving a fool-proof
technique or design.

2. Advancements in surgical techniques

2.1. Basic surgical techniques

Increasing the diameter and length of the screw and an insertion
technique with a pilot hole size smaller than the core diameter of
the screw and under tapping a pilot hole has been proposed to
improve the pull out strength of pedicle screw.7 However, larger
screws were found to have no effect on the fixation strength in
osteoporotic bone due to the thin cortex of the pedicle.8 Other
techniques such as use of longer constructs, supplemental anterior
fixation, use of transverse connectors and triangulation techniques,
use of laminar hooks or sub-laminar wires have been shown to
contribute to the rigidity of the construct.

Increasing the number of fixation points is often recommended
to dissipate stress and improve stability in an osteoporotic spine
fixation. It can be either by extending the usual number of levels of
fixation or by utilizing additional constructs such as laminar hooks
or sub laminar wires in addition to the usual pedicle screw fixation.
The laminar hook fixation is not adversely affected by osteoporosis
as reported by Butler et al. in his study.9 Sub laminar hooks show
superior biomechanical stability compared to wires or pedicle
screws in osteoporotic thoracic spine.10 Combination of fixation
techniques can help distribute stresses on the osteoporotic bone. It
was reported that combination of hooks and pedicle screws, also
called pediculolaminar fixation can increase the pull out strength
up to 100%.11 They can also increase the stiffness of the construct
and add to torsional stability in osteoporotic bone.9,10 However,
clinical studies utilizing these combined techniques are limited
probably because of the technical difficulties in connecting these
supplemental fixation points to the rods between screws.

Regarding the number of levels of fixation, it was recommended
to at least include three fixation points above and below the apex of
the deformity.12 However, the optimal length of fusion is still in
discussion. Also, it is preferable to avoid ending the construct at the
apex of kyphotic deformity, cephalic end of the construct at L1 and
caudal end of a long construct at L5 to avoid potential kyphotic
collapse.13 Sagittal imbalance is a reliable and determinant pre-
dictor of clinical symptomatology in osteoporotic fractures and
reestablishment of sagittal balance is supposed to be the most
relevant factor for preventing junctional imbalance/failure.14 Age
specific goals in adult deformity correction have been proposed
lately to prevent junctional breakdown.15
Also, a circumferential fusion allows load sharing and places less
stress on the posterior construct. Posterior and transforaminal
lumbar interbody fusion techniques can be utilized to provide
anterior column support. However, careful and meticulous end
plate preparation and use of appropriate sized interbody spacer are
important for successful fusion. Use of huge quantity of bone graft
and preservation of the osseous end plate has been proposed by
Okuda et al. for successful fusion.16 Few authors also propose
removal of the osseous end plate to allow implant to rest on
cancellous base which facilitates fusion.17 However, this has to be
taken critically, particularly in osteoporosis, where cancellous base
is weak. Also, the increased operative time, blood loss and surgical
risk has to be taken into consideration for opting supplemental
anterior fusion.
2.2. Cement augmentation

Frankel et al. reported an increase in the pull out strength of
screws with PMMA (poly methyl methacrylate) augmentation in
primary and revision surgeries by 119% and 162% respectively.18

However, the disadvantages with PMMA include its exothermic
properties, the risk of neural injury in the event of extravasation,
and difficulties in performing revision surgery. Hence, use of
biodegradable cements was suggested. Moore et al. and Wuisman
et al. reported satisfactory results utilizing calcium phosphate and
calcium apatite cements respectively.19,20 Jang et al. reported that
HA (Hydroxyapatite) augmentation resulted in an improved screw-
bone interface, reduced the risk of angular displacement of screw
constructs, and prevented subsidence at the operative level.21 This
is slightly different from the HA coated screws as it enables
augmentation of only the distal tip of the screw and makes
extraction easy whereas HA coated screws augment the entire
length of screw and create higher extraction torque.21 However,
while the use of biodegradable cements certainly make screw
removal less tedious when compared to PMMA, they need more



Fig. 1. 26 AP (Antero-posterior) and lateral X-ray images of a patient showing the Cortical Bone Trajectory technique for pedicle screw fixation.
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time (up to 24 h) for curing and hence will not give enhanced fix-
ation at the time of surgery.

Indirect methods such as bone cement augmentation via the
disc space for percutaneous pedicle screw fixation for lumbar
fusion surgeries have also been proposed as safe and economical
alternatives but have yet to be established.22

In addition to cement augmentation of screws, prophylactic
vertebroplasty augmentation of segments above and below the
instrumented fusion levels has been studied to prevent adjacent
segment fractures.23 It has also been found to reduce the risk of
proximal junctional kyphosis.24 Further studies are necessary to
establish its efficacy as such prophylactic augmentation techniques
have also been reported to be associated with further and more
severe spinal fractures in other studies.25
Fig. 2. 30 CT image of the pedicles showing the position of a tradit
2.3. Cortical bone trajectory technique: (Fig. 1 26)

Since the cancellous bone is more profoundly affected in oste-
oporosis compared to cortical bone and the traditional pedicle
screw trajectory engages more cancellous bone than cortical bone,
novel trajectory designs have been attempted to increase cortical
contact. Cortical bone trajectory (CBT) screw is one such novel
technique with insertion point more medial than that of a tradi-
tional pedicle screw and the trajectory oriented sagittal and cra-
nial.27 Matsukawa et al. proposed the entry point at the junction of
center of the superior articular process and 1 mm inferior to the
inferior border of transverse process.28 The screw is directed
cranially towards the posterior one third of the superior end plate
in the sagittal plane and directed straight forward in the transverse
ional pedicle screw (left) and a superior cortical screw (right).



Fig. 3. 31 AP and lateral X-ray images of a patient operated by double screw technique of pedicle screw fixation.

Fig. 4. 33 An illustration showing the cross trajectory technique of screw insertion.
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plane. It passes through the inferior and medial corner of the
proximal pedicle, then through the pedicle and then pierces the
superolateral end plate of the vertebra. Iwatsuki et al. proposed an
entry point at the lateral margin of the isthmus and superior
margin of the intervertebral foramen.29 The CBT takes advantage of
the cortically based trackI and allows for less soft tissue dissection
during insertion, making it amenable to minimally invasive
techniques. It was found on biomechanical studies to have a su-
perior fixation in osteoporotic bone.

2.4. Superior cortical screw technique: (Fig. 2 30)

Since the pedicle provides roughly 60% of the pull out strength
of pedicles screw and the upper third of the pedicle has the densest
microstructure, a novel trajectory was attempted with entry point
3 mm above the Magerl’s point and was found to have higher pull
out strength on biomechanical study by Yu et al. 30

2.5. Double screw technique: (Fig. 3 31)

Biomechanical feasibility studies have shown that the elliptical
cross-section of the pedicle would allow the insertion of two
smaller diameter pedicle screws resulting in a bony purchase su-
perior to the standard single-screw technique.32 The safety profile
has to be established before the technique can be recommended
widely.

2.6. Cross trajectory technique: (Fig. 4 33)

A novel double-screw technique with the combined use of
traditional trajectory (TT) and CBT, by inserting two screws into an
elliptical shape of a single pedicle using different transpedicular
trajectories was proposed by Matsukawa et al. and found to have
superior fixation strength over the TT and CBT techniques in each
plane of motion.33 However, the disadvantages include a higher
cost of the instrumentation as well as the technically demanding
procedure with risks of neural injury and pedicle fracture.

2.7. Bicortical screw technique

Bicortical screw fixation has been proposed to increase the fix-
ation strength by increasing the number of cortices engaged. Bat-
tula et al. recommended inserting the screw 2 mm beyond the far
cortex for adequate pull out strength.34 However, this technique is
limited by the risk of injuring anterior structures which include
sacral sympathetic trunk, colon, vena cava and the aorta.

3. Advancements in screw/construct design

3.1. Expandable screws: (Fig. 5 35)

Since increasing the size of the pedicle screw to achieve a



Fig. 5. 35 Image showing an expandable pedicle screw (Weigao Orthopedic Device Co.
Ltd., Shandong, China).

Fig. 6. 39 An image showing a fenestrated pedicle screw.

Fig. 7. 41 An image showing a traditional pedicle screw (cylindrical) (a) and a conical
pedicle screw(b).

Fig. 8. 43 Image showing a HA coated screw and a traditional screw.
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optimal fixation may result in a pedicle fracture, screws which
allow insertion into pedicle and vertebral body as a standard cy-
lindrical screw but expand at the distal end after their insertion
were developed. Several novel expandable screws have been
designed in a pursuit to achieve optimal fixation in osteoporotic
bone.36 Expansion of the screw compresses the bone tissues sur-
rounding the expandable portion of the expandable screw making
them denser and contributing to the fixation strength. They were
shown to decrease the risk of screw loosening and improve fixation
strength in prospective studies.37 Biomechanical studies showed
that the pull out strength and energy of the screw is similar to a
conventional pedicle screw augmentedwith 2ml of bone cement.38

It avoids the risks associated with cement leakage in the latter.
However, they may cause problems in removing the screw during
revision procedures.

3.2. Fenestrated pedicle screws: (Fig. 6 39)

Use of fenestrated pedicle screws which are a special type of
cannulated screw with fenestrations allowing cement to be inserted
through the screw and engage the surrounding cancellous bone of
the vertebral body through the fenestrations is theoretically safer in
terms of avoiding inadvertent cement extravasation into the spinal
canal or neural foramen. It was found that the closer the PMMA is to
the pedicle and the greater the quantity of injected PMMA used (up
to a point), the greater the pedicle screw stability is.40

3.3. Conical screws: (Fig. 7 41)

Experimental and biomechanical studies have shown that
pedicle screws with an outer cylindrical and inner conical
configurationwith a V-shaped threadmay have maximum pull-out
strength, regardless of bone density.42 A tapering inner core allows
deeper threads with a larger surface area to engage with the poor-
quality cancellous bone of the vertebral body in osteoporosis. At the
same time, the conical screw design ensures that the inner core
diameter remains large in the area of the pedicle where it faces the
highest bending moment.
3.4. Coated screws: (Fig. 8 43)

Laboratory and clinical studies have shown that HA coating of
screws results in improved fixation with reduced risk of loos-
ening.44 It was reported to result in a significant decrease in the
incidence of radiolucent zones when compared with uncoated
screws.44 However, as mentioned previously, they create higher
extraction torque and cause difficulties in removal. HA coated



Fig. 9. 50 An illustration showing the technique of bicortical screw fixation with cement augmentation.
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screws do not provide enhanced stability immediately, but it takes
around 10 days for the HA coating to start providing enhanced
stability (by gradual incorporation with the host bone).
4. Other novel strategies

Strategies targeting the complex cellular and molecular pro-
cesses that occur following implantation have been developed
recently. They act by altering and/or modifying the cellular
recruitment and differentiation at the surgical site using biological
coating or mechanical alteration of implant surfaces to enhance in-
migration of bone. Titanium implants have been coated with a5b1-
specific FNIII7e10 bio molecular coatings or glycine-phenylalanine-
hydroxyproline-glycine-glutamate-arginine (GFOGER) collagen-
mimetic peptide, selectively promoting alpha2 beta1 integrin
binding, a crucial event for osteoblastic differentiation.45 Such
novel biological strategies provide an interesting outlook for
research in the future.

Recently, tantalum has been used in spine surgery. Inter body
devices utilizing tantalum are being manufactured and used clini-
cally. Because of the porous scaffold, superior osteoconductivity,
low modulus of elasticity, excellent bio activity and bio compati-
bility, it has a potential role in osteoporotic spine fixation. However,
the relatively high cost, the inability to produce it modularly and
lower fatigue resistance compared with fully dense materials limit
manufacturing screws based on these materials.

In cement augmentation techniques, in addition to verte-
broplasty and kyphoplasty, Stentoplasty has been recently described
where a cavity is created within the vertebral body by using a tita-
nium device and kept in place for cement injection.46 It was found to
have good to excellent results in pain improvement, quality of life
and kyphosis restoration.

Biodegradable cements, developed recently to combat the
problems with acrylic bone cements have been supplemented by
various bioactive, osteogenic agents to promote osteogenic differ-
entiation of progenitor cells and new bone formation. Incorpora-
tion of several bioactive ions such as strontium, magnesium, zinc,
copper, and fluoride, as well as growth factors such as bone
morphogenetic proteins (BMPs), basic fibroblast growth factor
(bFGF), and vascular endothelial growth factor (VEGF) has been
shown to improve the biological performance of biodegradable
cements.47 Platelet-rich plasma (PRP) and autologous bonemarrow
concentrate (BMC) have also been used together with cements as
autologous bone substitutes.
4.1. Role of pharmacotherapy

The role of pharmacotherapy in aiding implant fixation or fusion
has been studied on bisphosphonates and teriparatide. Whereas
Alendronate was found to have conflicting results in few studies on
its effect in aiding fusion,48 Zolendronate was found to have non
statistically significant difference. However, prospective trials
showed significant advantage to teriparatide in aiding fusion and
lowering the rate of pedicle screw loosening.49 Based on the
available literature, it is imperative that surgeons can advise
starting teriparatide before surgery and continue it through the
postoperative fusion period. Though Denosumab, a RANK-L inhib-
itor has been approved by FDA (Food and Drug Administration) and
established in the treatment of osteoporosis, its role in lumbar
fusion has, yet to be evaluated.

Many of these strategies have only bio mechanical evidence and
require well designed clinical trials to establish their clinical effi-
cacy. Tremendous advancements have been made in the field of
spine surgery in general. Osteoporotic spine fixation also has seen
such advances. However, no technique is fool-proof and there has
been no single ideal technique to achieve optimal fixation in
osteoporotic bone.

Surgeons have to be open to new advances in the field of osteo-
porotic spine fixation. At the same time, they should be smart
enough to utilize the existing options to their advantage. Little
modifications in the existing techniques or utilizing a combination of
techniques without adding to the cost of the surgery may help to
achieve a near-ideal result. For instance, a prospective study on the
feasibility, efficacy and safety of a technique involving a combination
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of bi-cortical fixation with cement augmentation was performed
with good results50(Fig. 9). The advantages of this technique include
an increase in pull-out strength than either technique alone and a
reduction in the wind-shield wiper effect. Also, there would be no
extra cost compared to cement augmentation alone.

Spine surgeons have to be aware of the advances in the field of
osteoporotic spine fixation. They have to keep all the surgical
techniques in their armamentarium and make themselves well
versed with the advancements in the field. They have to be open to
new advances in the field and utilize them as and when necessary
depending on the patient and the set up.
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