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Abstract

Study Design: Systematic review.

Objectives: Review the surgical techniques and construct options aimed at improving the biomechanical strength of cervical
constructs.

Methods: A systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. A search of the MEDLINE, Embase, and Cochrane Library databases was performed to
identify all studies examining biomechanical strategies utilized in the osteoporotic cervical spine. Screening was performed in
duplicate for all stages of the review process.

Results: An initial search returned 3887 articles. After deletion of duplications and review of abstracts and full text, 39 articles met
inclusion criteria. Overall, the surgical techniques reviewed aimed at obtaining rigid fixation in the setting of poor bone quality, or
dispersing the forces at the bone-implant interface. We identified 6 key techniques to improve biomechanical fixation. These include
bicortical fixation, appropriate screw selection (size and trajectory), PMMA augmentation, load sharing techniques, consideration of
ancillary fixation around the occipitocervical junction, and supplementing the construct with post-operative collar or halo.

Conclusion: The summation of the literature highlights a framework of modalities available to surgeons to improve bio-
mechanical fixation in the cervical spine. While these may improve construct strength in the setting of osteoporosis, there is a
paucity of evidence available to make recommendations in this patient population.
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Introduction

Aging patient populations with associated osteopenia and osteo-
porosis pose a challenge for surgical intervention both in terms of
hardware fixation intraoperatively as well as post-operative pullout
and construct failure. Appropriate management of osteoporotic
patients requires a thorough understanding of the pathology in the
spinal column, methods of construct failure and options for ad-
dressing these issues perioperatively.

Spinal constructs may fail in a number of ways; however, in
osteoporosis, failure occurs most frequently at the implant-
bone interface or at the adjacent segment.1 A mismatch exists
between the elastic modulus of the screw and the adjacent
bone, which creates stress fractures permitting cephalocaudal
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toggling of screws.1 This may lead to loosening and pullout or
fracture of the thin lateral wall of pedicles in the thoracolumbar
spine or lateral masses in the cervical spine. Alternatively, the
increased force generated at the end of a fusion construct may
lead to fracture at the upper instrumented vertebra (UIV), Lower
Instrumented Vertebra (LIV) or the adjacent levels.1,2

In the thoracolumbar spine, multiple techniques have been
employed to improve fixation and prevent hardware associ-
ated complications and failure. These include restoration of
normal sagittal and coronal alignment which reduces strain on
the construct.3 Anchor points may be enhanced with multilevel
fixation or using larger screws.4 Fenestrated or hydroxyapatite
coated screws,5 undertapping,6 and using convergent pedicle
screws7 with a straight-forward (rather than anatomic) technique8,9

have been described. Other strategies include augments like
vertebroplasty at the UIV + 1 or tethering of the adjacent
vertebra10 to prevent junctional failure. Decreasing the
stiffness of the construct may thereby decrease the strain at
the bone-implant interface to mitigate failure.11

In the cervical spine, however, osteoporosis poses a greater
challenge due to the limited number of safe surgical tech-
niques available to achieve rigid fixation. Commonly utilized
techniques include bicortical fixation,12-14 cervical pedicle
screws,13 and front and back fixation.15,16 Here we present a
scoping systematic review of fixation strategies that may be
employed in the osteoporotic cervical spine with a qualitative
synthesis of common strategies employed by surgeons to
reduce failure in the setting of osteoporosis.

Methods

A systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statements as well as the Cochrane Col-
laborator handbook to identify all studies examining biome-
chanical strategies utilized in the cervical spine to improvefixation.

Literature Review

Using MEDLINE, Embase as well as the Cochrane Library
databases, key words including “osteoporosis” OR “osteo-
porotic” OR “bone mineral density” AND “cervical” were
queried to identify studies of interest. The search yielded
results from January 1, 1996 to February 20, 2020. Hand
search of included study references was undertaken to capture
additional studies missed through the initial search strategy.

Data Extraction

Three authors (C.O, P.T., and K.B.) performed the initial
screening for study eligibility. Eligible articles were written in
English and included a biomechanical consideration or con-
struct option for the cervical spine, which may improve
biomechanical strength of a construct. All data was reviewed
in duplicate and kappa agreeability scores were calculated.
Disagreements were resolved via discussion and consensus

amongst all authors. Authors independently abstracted data
from included studies using data abstraction forms.

Articles are included if authors present direct or theoretical
benefit for patients with osteoporosis. Articles with theoretical
benefit for osteoporosis are those that have demonstrated improved
biomechanical strength; however, have yet to be studied in os-
teoporosis. For example, biomechanical studies demonstrating
improved pullout strengths for various screw configurations (with
or without osteoporosis) are included for having theoretical benefit.
For the purposes of obtaining all biomechanical options described
in the literature, case reports are also includedwhere surgeons have
employed multiple techniques in an effort to improve biome-
chanical strength, with or without evidence of long term success.
For a description of “actual” benefit, authors must have shown a
comparison between normal and osteoporotic bone, with a par-
ticular technique or construct which demonstrated statistical sig-
nificance favoring one particular technique or construct.

Cadaveric studies were included if the implants or con-
structs were specific to the cervical spine and demonstrated
actual or theoretical benefit for osteoporotic bone. Mathe-
matical modeling studies were included if they were specific to
techniques within the osteoporotic cervical spine. While some
posterior cervical constructs extend into the high thoracic
spine, studies referencing thoracolumbar pedicle screw sys-
tems were not included. Letters to the editor, narrative re-
views, and conference abstracts were excluded.

Results

The initial literature search produced 3887 results which after
deletion of duplicates yielded 3271 results for abstract
screening. Full text screening was completed for 68 articles,
producing 39 studies which met inclusion criteria. The search
strategy is presented in Figure 1. Kappa agreeability scores
were .77 indicating substantial agreement between the re-
viewers. Eight case studies were identified, 11 retrospective
case series, 19 cadaveric/biomechanical studies, and one
mathematical modeling/finite risk analyses were included.
Risk of bias was not assessed as all studies were low quality,
based on expert opinion, case studies, or cadaveric/
biomechanical studies. Included studies are listed in Table 1.

Overall, the surgical techniques reviewed within the in-
cluded studies all aimed at obtaining rigid fixation in the
setting of poor bone quality or dispersing the forces at the
bone-implant interface. In an effort to synthesize the reported
techniques in a systematic manner, 6 key fixation augmen-
tation strategies emerged from the literature and are listed in
Table 2. While the principles are broken into categories for
comprehensibility, evidence is currently too limited to provide
recommendations for use of any individual technique.

Bicortical Fixation

Bicortical fixation may be achieved in the keel of the occiput,
C1 lateral mass, subaxial lateral masses posteriorly12,13,17 or
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anteriorly in the vertebral body.21 In biomechanical analyses,
mean pullout strength of C1 bicortical lateral mass fixation is
807N compared to 588N for unicortical fixation.12 Bicortical
fixation in the occipital keel has 50% greater pullout strength
compared to unicortical fixation.47 Subaxial bicortical lateral
mass fixation according to Park et al. achieved higher pullout
strength than unicortical fixation (519N vs 565N) but did
come with significantly higher injury rates to the nerve root
and vertebral artery.49 In porcine models, additional stability
has been demonstrated with bicortical fixation in the anterior
vertebral bodies50; however, this hasn’t been demonstrated in
human models.

It should be noted that no high-quality studies definitively
demonstrate superiority for bicortical fixation in the setting of
osteoporosis. Several studies have not found benefit in the
utilization of bicortical fixation. Lehmann et al. compare

unicortical to bicortical fixation with anterior vertebral body
screws and fail to demonstrate any immediate differences in
stiffness.60 While initial stiffness was equivalent, it should be
noted that these authors did not complete repetitive testing or
load to failure tests. Papagelous et al. examined unicortical vs
bicortical lateral mass fixation and failed to demonstrate any
significant improvement in rigidity with bicortical fixation, but
did show an advantage of lateral connectors in improving
rigidity.59

Screw Size and Trajectory

Appropriate screw length and trajectory selection is critical as
pullout strength is directly related to screw length and to a
larger degree, screw diameter.52 As such, depending on the
degree of osteoporosis, the surgeon may consider larger

Figure 1. PRISMA Flow Diagram of Search Strategy.
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(4.0 mm or 4.5 mm compared to standard 3.5 mm) screws27

within the cervical spine. While multiple studies have ex-
amined pullout strength in relation to screw size/diameter in
the thoracolumbar spine, minimal work has been done to
investigate this in the human cervical spine. Further, the
importance of screw length in fixation was demonstrated in an
artificial bone model by Conrad et al. where each additional
1 mm in length was associated with an additional 16N of
pullout force.51

In terms of trajectory, cervical pedicle screws have been
utilized throughout the cervical spine with increased pullout
strength. At the level of C2, pedicle fixation has been shown to
have twice the pullout over pars fixation.13 In the subaxial
spine, pedicle screws have been utilized from an anterior2-28 or
posterior approach.13,18-21 While they place the vertebral ar-
tery and nerve root at increased risk, cervical pedicle screws
allow for improved biomechanical strength.52 The pullout
strength of cervical pedicle fixation is roughly 3.5x that of
lateral mass fixation.59 Additionally, transarticular screw
fixation while in isolation have increased failure in flexion,
augmentation with cables produces a construct with similar
rigidity to traditional harms techniques at the C1/2 level.53

While there is additional risk with the placement of pedicle
screws at C2 and in the subaxial spine, there does appear to be
consistent biomechaical data suggesting improved pullout
strength.

Screw Augmentation

PMMA augmentation has been described in the setting of
anterior vertebral body screws25-32 and odontoid fixation of
the elderly.29-31 Augmentation may occur prior to screw
placement (cement-first technique) by injecting PMMA

through a tapped screw hole or after screw placement (in situ
technique) whereby cement is injected through a cannulated
and fenestrated screw design.54 In a cadaveric model of an
osteoporotic cervical spine, augmented screw fixation dem-
onstrated significantly reduced motion at corpectomy sites.54

The available data on human participants for this technique is
limited to small case series.25-28 Further, augmentation of
anterior odontoid fixation in the elderly is described with
PMMA at the anterior-inferior body of C2 to help reduce
backout on a fully threaded screw.29-31

Based on the current literature no definitive argument can
be made to support PMMA augmentation; however, it has
been employed in multiple circumstances by surgeons in an
attempt to salvage anterior screw fixation.

Ancillary Fixation

Additional anchor points have been described to achieve
occipitocervical fusion in the setting of osteoporosis. Men-
delsohn et al. describe bilateral C2 pedicle fixation augmented
with bilateral C2 translaminar screws to obtain circumferential
anchorage around the ring of C2.55 An auxiliary anchor
around the C1/2 complex has been described with a screw in
the spinous process of C2 by Liu et al.,39 short screws in the
posterior arch of C142,43 or hooks over the ring of C141 and
supplemental wiring.37 There are however no available bio-
mechanical studies to validate these fixation points.

Load Sharing

Load sharing has been described via the use of anterior and
supplementary posterior fixation to distribute the stress at the
bone-implant interface20,21,24 though this carries its own

Table 2. Common Principles from Extracted Studies to Improve Biomechanical Support of Cervical Constructs.

Strategy Examples

Bicortical fixation 1 Posterior bicortical: Occiput,47 C1, subaxial12,13,17,49,50

2 Anterior bicortical: Vertebral body21,49

Screw selection (size and trajectory) 1 Larger screws/rescue screws27,50,51

2 Cervical pedicle screws
Anterior22,23

Posterior C2 pedicle13

Posterior subaxial13,17-21

3 Transarticular fixation with augmented wiring/hooks35,38,41

Screw augmentation with PMMA 1 Anterior vertebral body screws25-28,53

2 Odontoid screws29-32

Load sharing Anterior and posterior fixation20,21,24

PEEK interbody fusion36

Ancillary fixation 1 Transarticular screws at C1/235,38,41

2 Posterior arch screw in C143,44

3 Translaminar fixation in subaxial or C240

4 C2 spinous process screw 40 or wiring38

5 Bilateral C2 pedicle with C2 translaminar fixation55

Post-operative strategies Collar or halo24,38
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concerns for morbidity in elderly patients.20 Cornefjord et al.20

describe load sharing techniques in the setting of fractures
related to ankylosing spondylitis. They report on 19 patients
with ankylosing spondylitis related extension fractures that
received long anterior plating with posterior fixation using
cervical pedicle screws. The concept of load sharing has also
been described in the setting of interbody cages with poly-
ethyletherketone (PEEK) cages having an elastic modulus that
more closely resembles that of human bone when compared to
metal cages.36 Although this technique has been described by
multiple surgeons in case reports, and small series, io-
mechanical studies have yet to validate this front and back
approach in the osteoporotic cervical spine.

Post-Operative Strategies

Post-operatively the patients construct may be augmented
externally with a collar or halo device.24,38 Largely the lit-
erature available on post-operative adjuncts for this difficult
patient population is limited to small case series and case
reports. The perioperative morbidity and mortality rates as-
sociated with halo devices in the elderly are extremely high
and irrespective of injury severity scores and should be uti-
lized as a last resort.56 Nonetheless, in salvage situations they
have been employed to augment internal fixation to help
achieve union in the literature.24,38 Veeravagu et al.24 report on
a 44-year-old patient with renal osteodystrophy and osteo-
porotic cervical fracture where they employed anterior and
posterior constructs for load sharing followed by post-
operative halo. Eleraky et al.38 describe a series of 36 pa-
tients with rheumatological atlantoaxial instability where
patients received C1/2 transarticular fixation, with 3 patients
having severe osteoporosis which were managed in post-
operative halo devices. Oppenlander et al26 describe a case
of a 75-year-old female with osteoporosis and degenerative
cervical myelopathy which was treated with multilevel an-
terior decompression, and augmented with post-operative
halo. No evidence to date has demonstrated higher fusion
rates or reported on the increased halo-related complications
associated with its use. Nonetheless, in extreme salvage sit-
uations it remains a viable option post-operatively.

Additionally, medical optimization of bone quality is
recommended57 including calcium, vitamin D, bisphosphonates,
and/or PTH analogues with results favoring the use of ter-
iparatide to improve bone mineral density.57,58

Discussion

With an ever-aging population, osteoporosis is becoming
more prevalent and cervical spine fixation in this setting poses
a challenge for spinal surgeons. This is the first study to
systematically review the literature for construct options
available to improve biomechanical strength of a cervical
construct. Ultimately there is insufficient evidence to discuss
the efficacy of one construct over another for patients with

osteoporosis. Nonetheless, we found that the primary themes
qualitatively emerging from the literature to produce a rigid
construct included bicortical fixation, larger screws with
pedicle fixation, PMMA augmention, with front and back
constructs utilizing ancillary fixation around the occipito-
cervical junction, and supplemented with post-operative collar
or halo. Multiple studies included did not reference osteo-
porosis or bone mineral density directly; however, utilized
well-known models for osteoporosis such as cadaveric bone
models so results are presumed to be relevant in the setting of
poor bone quality. Multiple case reports and small series while
not mentioning osteoporosis directly, investigated elderly
patients with fragility fracture patterns, rheumatoid arthritis,
ankylosing spondylitis, or other conditions frequently known
to be osteoporotic. Therefore, while the majority of the studies
included in this review do not demonstrate direct benefit for
one particular construct in the setting of osteoporosis, this
review offers nonetheless the construct options described for
these complex salvage-type of surgical scenarios.

We performed an in-depth search of multiple databases
which were screened in duplicate and PRISMA guidelines
were followed throughout review process. As each surgical
case is unique in the indication for surgery, surgical procedure,
local anatomy, and particular bone quality, it is challenging
assessing construct efficacy and fixation strategies and we
often rely on expert opinion and personal experience to advice
each case. Here, we have compiled the relevant literature and
fixation strategies that a surgeon may consult and use are part
of their armamentarium when tackling these challenging
cases.

Overall, quality of evidence is low with the majority of
reports involving case studies with expert opinion, cadaveric/
biomechanical studies or retrospective case series on feasi-
bility of various construct choices. There is a paucity of lit-
erature specifically examining osteoporosis and available
constructs. The authors assumption in this case, that a con-
struct which demonstrates superiority in normal bone is likely
to show benefit in osteoporotic bone, may not always be the
case. Furthermore, given the overall lack of evidence, and
conflicting results of various biomechanical studies on topics
such as unicortical vs bicortical fixation, the surgeon must use
discretion when selecting their construct.

While many constructs were highlighted during the gen-
eration of this review, not all are practical. For example,
fixation in the cervical pedicle from an anterior approach
places the vertebral artery and nerve root at risk with a high
miss rate24 and we believe most spine surgeons would not
utilize this fixation strategy. Many intuitive strategies however
are proposed and feasible, including long posterior cervical
constructs, posterior cervical pedicle screws, using larger
rescue screws in the lateral mass, anterior and posterior fix-
ation and augmenting a construct with a halo or post-operative
collar.

Failure to achieve normal sagittal alignment in the
thoracolumbar spine is a well-known risk factor for

Oitment et al. 1607



pseudarthrosis, hardware failure, and junctional disease.45,46

As such, this is also a likely factor that contributes to failure of
cervical constructs, although our search failed to capture ar-
ticles related to this. Therefore, we believe that where feasible,
the surgeon should attempt to restore normal sagittal align-
ment to reduce the strain at the proximal and distal end of the
construct.

Conclusion

We have presented a systematic review of all relevant and
currently available evidence on construct augmentation in the
cervical spine. We identified and highlighted 6 strategies to
help achieve fixation in the osteoprotoic cervical spine. These
include bicortical fixation, appropriate screw selection (size
and trajectory), augmentation of screws, load sharing, con-
sideration of ancillary fixation around the occipitocervical
junction, and supplementing the construct with post-operative
collar or halo. Given the ever-increasing population age, high
rates of osteoproosis in this population and significant global
cervical spine pathology burden, further investigation is in-
dicated into this difficult to manage patient cohort. Currently,
there is a paucity of direct evidence to recommend one par-
ticular construct over another. Each construct should be
considered carefully by the surgeon given the limited evidence
to support their use, along with the added risk of each strategy.
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