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Spinal fusion has undergone significant evolution and improvement over the past
50 yr. Historically, spine fusion was noninstrumented and arthrodesis was based entirely
on autograft. Improved understanding of spinal anatomy and materials science ushered
in a new era of spinal fusion equipped with screw-based technologies and various
interbody devices. Osteobiologics is another important realm of spine fusion, and the
evolution of various osteobiologics has perhaps undergone the most change within
the past 20 yr. A new element to spinal instrumentation has recently gained traction—
namely, surface technology. New data suggest that surface treatments play an increas-
ingly well-recognized role in inducing osteogenesis and successful fusion. Until now,
however, there has yet to be a unified resource summarizing the existing data and a lack
of consensus exists on superior technology. Here, authors provide an in-depth review on
surface technology and its impact on spinal arthrodesis.
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S ince its origin, there have been 3 common
and fundamental pillars to spine surgery:
decompression, deformity correction, and

stabilization. Each has undergone significant
change and advancement over the past 100 yr
and has been aided by a combination of technical
advancements, improvements in bioengineering,
and a stout desire for scientific discovery and
improving patient outcomes.
Stabilization, in particular, has undergone

perhaps the most significant change within
the last several decades. Initially described in
1911 for the treatment of Pott’s disease, spinal
hardware was first limited to autologous bony
implants derived from a patient’s rib, hip, or
even tibia.1 Eventually, this was supplemented by
spinal instrumentation, starting with sublaminar
wires as well as sublaminar and transverse process
hooks.2 Gradually, pedicle and lateral mass
screws were introduced, ushering in a new era of
spinal stabilization surgery.3,4 The combination
of wires, hooks, rods, screws, and interbody
implants not only resulted in spinal stabilization,
but eventually in spinal fusion.5-7 In other words,

ABBREVIATIONS: CI, confidence interval; OR, odds
ratio; PEEK, polyether ether ketone; TGF, trans-
forming growth factor

spine surgeons were no longer simply stabilizing
the spine, but also attempting to induce native
bone formation across spinal segments.
However, fusion surgeries remain imperfect.

When fusion fails to occur, patients can develop
painful symptoms related to pseudarthrosis and
motion segment instability, and accordingly
experience worsened quality of life and often-
times require revision surgery.8,9 It has thus
become increasingly important to elucidate
modifiable patient lifestyle factors, surface
technologies, and implant materials that can
promote effective bone growth and fusion.

BIOCHEMISTRY OF BONE FUSION

Bone formation and healing is a complex
but well-described process. Four principal
cell types exist: osteoblasts, osteoclasts, osteo-
cytes, and osteogenic (osteoprogenitor) cells
(Table 1). These cells work in harmony to
maintain constant bone homeostasis and to
replace and repair naturally degraded bone
products. When bone damage occurs, bone
homeostasis shifts and enables growth factors
and cellular signaling checkpoints to shift the
balance toward bone formation. The biochem-
istry and molecular environment of each type
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IMPACT OF SURFACE TECHNOLOGY ON SPINAL ARTHRODESIS

TABLE 1. Bone Cells and Their Function

Cell category Function
Principal
location Cell origin

Osteoblast Lays down new
bone and is
responsible for
depositing
hydroxyapatite

Periosteum,
endosteum

Mesenchymal
stem cell

Osteoclast Bone reabsorption Surface of
reabsorbing
bone, resorption
bay “Howship’s
lacunae”

Hematopoietic
stem cell

Osteocyte Maintenance of
bone tissue
through chemical
signaling and
activation/
deactivation of
osteoblasts and
osteoclasts

Lacunae and
canaliculae

Mesenchymal
stem cell

of bone formation are complex and have been well described in
the basic science literature.10
While patient health factors such as smoking, nutritional

status, diabetes, and older age can impact osseous integration,
increasing attention is now being paid to the importance of
the implant surface topography and its direct impact on bony
fusion. As seen in both human and animal studies, if the recruited
osteoblasts and osteoclasts are impeded from properly forming
the microlacunae seen in standard endochondral bone formation,
immune modulating cells can instead deposit fibrous scar tissue
that results in a self-perpetuating cycle of scar tissue formation
that leads to micromotion and loosening of the implant and
resultant pseudoarthrosis.11-13 Thus, creating an implant surface
conducive to osseous integration is one directly controllable aspect
of intervention that can impact fusion rates.

HISTORICAL PERSPECTIVE

Accordingly, the best interbody surface would provide the
interspace with a rich recruitment of osteoprogenitor cells
while simultaneously providing a rigid matrix to incorporate
a future bony bridge. Prior to the introduction of synthetic
or cadaveric implants, autologous bone from either hip or
rib or even fibula was the only available implant.14-18 These
live grafts taken at time of surgery harvested living osteopro-
genitor cells capable of quickly differentiating into chondrocytes
capable of initiating the endochondral bone formation process.
These autologous implants already had a surface that contained
mature vascular network, thus providing the framework for the
required hypervascularization and growth factor recruitment.
They also possess a natural physiologic scaffold and contact

points required for the development of mature bone matrix.
The importance of each of these elements becomes apparent
when comparing autograft implants to allograft implants. Steril-
ization of cadaveric/donor hip, rib, or fibular allograft results in
5-fold decrease in the number of osteoprogenitor cells while other
metabolically active cells remain viable.19,20 The “dead” surface of
the allograft implants results in a metabolically hypercompetitive
environment that further reduces the survival and functionality
of the remaining osteoprogenitor cells (Figure 121).22 Because
these graft implants are natural bone products, they possess an
inherent risk of osteolysis and resorption, which can contribute
to further deformity, morbidity, and revision surgery. As a result,
autograft produces superior and faster fusion rates than seen with
allograft.23-25
The most well-recognized issue of autograft is donor site

morbidity, which in some cases is more painful than the actual
surgery itself.26,27 Additionally, donor sites are at risk for infection
and poor wound healing, and morbidity from graft harvesting
has even resulted in chronic pain syndromes.27,28 Synthetic
implants avoid such problems and have thus rapidly increased
in popularity. An alternative to autograft and allograft, they
are biomechanically stronger and have a superior strength-to-
weight ratio. Furthermore, their surfaces can be artificially treated
and etched to produce unique bone-implant interfaces that can
impact fusion rates. This latter concept has gained recent traction,
as techniques such as acid etching, sand blasting, and anodic treat-
ments have been shown in Vitro to positively impact osseous
integration.29-31

SURFACE TECHNOLOGY ANDOSSEOUS
INTEGRATION: INTERBODY DEVICES

A spine surgeon’s mastery of surface technologies begins with
lessons learned from the dentistry and orthopedics joint industry.
There, synthetic implants are almost exclusively made out of
metals, with preference for titanium and titanium alloys due to
their superior biological tolerance and strength. From a surface
technology perspective, titanium implants in Vivo form a thin
oxide layer that protects the implant and prevents breakdown.
It is thought that this oxide layer allows titanium to mimic
the properties of hydroxyapatite in bone, thus improving its
biological compatibility.32 Polyether ether ketone (PEEK) is
another implant that has rapidly gained popularity among spine
surgeons. Mechanically, it has a similar modulus of elasticity
to bone, and its low radio-opacity allows for easier imaging
than other metallic counterparts.33 However, PEEK naturally
promotes the formation of fibrous scar between the implant and
any other bone surface.
Combining both composites has led to the popularization of

titanium-coated PEEK (Figures 2-434,35).36-38 Here, a standard
PEEK implant can undergo additive treatment with a thin
layer of smooth titanium coating that can be further etched
into a rougher surface.39 In a study on osseous integration
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WANG ET AL

FIGURE 1. Toluidine blue staining of untreated, chemically processed, and sonication-processed allografts. Compared to pretreated allograft, the
chemically and sonication-processed grafts display greater loss of viable cells and bone marrow. White arrows depict deposited bone matrix while thin
black arrows point to peripheral adipocyte nuclei and thick black arrow indicates trabecular bone fragments. A, C, and E are scaled to 1 mm. B,
D, and F are scaled to 150 μm. C© 2019 Rasch et al21 (https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0218404). Reproduced
under CC-BY 4.0 (https://creativecommons.org/licenses/by/4.0/).
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IMPACT OF SURFACE TECHNOLOGY ON SPINAL ARTHRODESIS

FIGURE 2. Redmond (A-Spine, Asia, Taiwan, China) composite titanium-
coated PEEK anterior cervical discectomy plateless cage system. C© 2019 Phan
et al34 (https://onlinelibrary.wiley.com/doi/full/10.1111/os.12413). Repro-
duced under CC-BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

among untreated PEEK, and smooth and rough titanium-coated
PEEK, Olivares-Navarrete et al40 found that titanium-coated
PEEK processed with a roughened surface induced significantly
higher quantities of endogenous bone morphogenic protein and
increased osteoblast recruitment and differentiation than smooth
PEEK. Additional in Vitro work demonstrated significantly
higher angiogenic factors (angiopoetin-1), vascular endothelial
growth factor, osteoprotegerin, and transforming growth factor
(TGF-1) for roughened titanium vs smooth titanium and PEEK
alone.
Today’s implants typically have some surface treatment.

This can be applied through additive measures including
printing surface materials and applications of micrometer- or
nanometer-scale coatings such as titanium or hydroxyapatite.
Subtractive surface treatments include including sand blasting
or machine etching and are meant to modify the surface of the
native implant in a way that induces pore formation or increase
surface roughness.41 Nanotechnology, including silver particle
application and plasma-sprayed titanium, aims to increase inter-
action between implant and additive surfaces and thus discourages
delamination and impaction debris. Three-dimensional printed
implants, while in their infancy, have demonstrated utility in
providing customizable implant sizes. When combined with
preoperative planning, these can be shaped to induce the exact

FIGURE3. Histological sections of A, uncoated PEEK implant with osteolytic
fibrous layer surrounding the implant. In B, applicatinon of titanium coating
to PEEK improves bone-implant integration. Reproduced under the Creative
Commons Attribution. Used with permission. C© 2017 Shimizu et al35

(https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0184495).
Reproduced under CC-BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

amount of lordotic correction necessitated for each individual
patient. In an era of personalized medicine, this is a particularly
attractive facet.
In a pig-maxilla model of bone integration, Hallgren

et al42 utilized acid-etched vs sand-blasted and acid-etched
titanium implants to compare osseous integration. Their work
demonstrated that both treatments increased surface roughness
compared to no treatment, but that surfaces treated with
combined sand-blasted and acid-etched surfaces had a consid-
erably higher roughness average than surfaces treated with acid
etching alone. As a result, the torque required to remove the
implants treated with both sand blasting and acid etching was
significantly higher than that with only acid-etched surfaces.
Clinically, there has been a multitude of retrospective and

prospective studies comparing the impact of various surface
technologies on fusion rates and incidence of complications.
In a prospective, randomized controlled study over 7 yr,
Chen et al43 found an identical rate of radiographic fusion (100%)
at short- and long-term follow-up between smooth titanium and

OPERATIVE NEUROSURGERY VOLUME 21 | SUPPLEMENT NUMBER 1 | JULY 2021 | S15

D
ow

nloaded from
 http://journals.lw

w
.com

/onsonline by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 06/19/2023



WANG ET AL

FIGURE 4. In A, a macroscopic view of untreated PEEK on the
left and titanium treated PEEK on the right. B, scanning electron
microscopy of uncoated PEEK and when C, submerged in simulated
body fluid (SBF), D and E, titanium treated PEEK and F and G,
after soaking in SBF. C© 2017 Shimizu et al35 (https://journals.plos.org/
plosone/article?id=10.1371/journal.pone.0184495). Reproduced under CC-
BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

untreated PEEK, but noted a significantly higher rate of subsi-
dence in the titanium group (34.5%) compared to the PEEK
group (5.4%). A similar study by Cabraja et al44 in 2012 demon-
strated similar fusion rates between titanium and PEEK (93.2%
vs 88.1%, respectively) but did not demonstrate a statistically
significant difference in cage subsidence (20.4% vs 14.3%, respec-
tively) after a mean follow-up of 28 mo. A meta-analysis incorpo-
rating these studies and others showed no statistically significant

difference in fusion rates (odds ratio [OR] 1.16, 95% CI 0.59-
2.89, P = .69), but did demonstrate statistically higher incidence
of cage subsidence for titanium cages vs PEEK (OR 3.59, 95%
CI 1.28-10.07, P = .015).45

There are several studies documenting fusion rates for
titanium-coated PEEK or titanium-PEEK composite cages for
spinal fusion surgery. In a 2013 randomized controlled trial
in posterior lumbar interbody fusion, Schnake et al46 reported
superior bone cage contact (96% vs 74%), growth through cage
pores (81.5%-66.6%), and fusion rates (94.4% vs 58.3%) at
12 mo for titanium-coated PEEK compared to untreated PEEK,
respectively. Süss et al47 demonstrated similar high rates of fusion
in the titanium-coated PEEK implants (93.3%) at 1 yr, compared
to partially coated titanium-PEEK (80%) and untreated PEEK
(80%) in patients undergoing anterior cervical discectomy
and fusion. An observational analysis of 40 subjects under-
going anterior lumbar interbody fusion with plasma-sprayed
titanium-coated PEEK implants by Sclafani et al48 demonstrated
96% arthrodesis at an average of 7.3 mo. Another study by
Hoppe et al49 demonstrated 100% arthrodesis in 1- to 2-level
transforaminal lumbar interbody fusion using titanium-PEEK
composite cages. To date, there are no clinical studies directly
comparing the fusion rates of roughened vs smooth titanium
surface implants, and thus in Vitro studies remain the only data
to suggest that roughened titanium surfaces promote superior
osseous integration (Figure 550).51
Allograft, currently one of the most popular alternatives to

synthetic implants or autograft, has been shown in a multitude of
studies to have similar to higher fusion rates when compared to
PEEK cages. In a 2006 study comparing radiographic outcomes
of PEEK vs femoral allograft in lumbar spine surgery, Cutler
et al52 found similar high short-term fusion rates between groups
(100% vs 95.2%, respectively) with no statistically significant
differences in subsidence or complications. Contrarily, in a 2020
broad systematic review comparing allograft vs PEEK in both
cervical and lumbar spinal fusion, Fatima et al53 demonstrated
that structural allograft resulted in a statistically significant 2.59-
fold higher likelihood of arthrodesis compared with patients
with PEEK implants (OR 2.59, 95% CI 1.02-6.57) at last
follow-up. Additionally, allograft was 74% less likely (OR 0.26,
95% CI 0.09-0.79, P = .02) to need revision surgery when
compared to patients with PEEK implants.53 Teton et al and
Krause et al demonstrated a 5-fold and 6-fold higher incidence
of pseudarthrosis in single- and multi-level ACDF patients with
PEEK implant compared to structural allograft, respectively,54,55
and in a stratified comparative analysis of 6130 patients, Pirkle
et al56 found a 5.32% nonunion rate for PEEK vs 1.97% for
allograft. While there are individual studies quoting high fusion
rates for titanium-coated PEEK implants, to date there are no
high-quality prospective papers assessing head-to-head fusion and
complication rates between titanium-coated PEEK and structural
allograft.57
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IMPACT OF SURFACE TECHNOLOGY ON SPINAL ARTHRODESIS

FIGURE 5. A and B, Bone-implant histology section for titanium-coated PEEK at 24-wk after implantation. C and D, Bone-implant histology
section for noncoated PEEK at 24-wk after implantation. The black arrows indicate a thick fibrous nonosseous layer for noncoated PEEK
that is absent in titanium-PEEK and bone interface. Copyright of Medical Devices (Auck). Used with permission. C© 2018 Cheng et al50

(https://www.dovepress.com/porous-titanium-coated-polyetheretherketone-implants-exhibit-an-improv-peer-reviewed-article-MDER). Reproduced
under CC-BY-NC 3.0 (https://creativecommons.org/licenses/by-nc/3.0/).

Thus, amongst the common available implants and surface
technologies, autograft remains the superior fusion substrate;
however, given the lack of significantly different fusion rates
between autograft and allograft or titanium-treated products,
these alternatives may offer better overall outcomes for the patient
as they avoid harvest-site morbidity. Untreated PEEK implants,
on the other hand, have similar or lower fusion rates when
compared to titanium-coated PEEK and allograft, which reflects
the results seen in in Vitro and in Vivo studies. Of note, one must
be cautious of cage subsidence using titanium implants and so
careful attention to this must be paid during follow-up.

SURFACE TECHNOLOGY ANDOSSEOUS
INTEGRATION: INSTRUMENTATION

Advances in surface technology and surface treatments have
been applied to instrumentation, as well. This is particu-

larly salient for patients with poor bone quality (osteoporosis,
smoking) that are at high risk for screw loosening and pullout.
This occurs in up to 10% of patients in some reports.58 Hydrox-
yapatite pedicle screw additives, similar to the critical component
in bone formation, have been has been hypothesized as a
potential solution to this problem. It can be applied through
thermal techniques such as plasma spraying and sputtering, which
produces a 20 to 100 micrometer coating of hydroxyapatite on
the screw surface that has been shown in animal studies to signif-
icantly increase the screw pullout force threshold by greater than
1000 newtons when compared to noncoated screws.59,60 The
proof-of-concept was further corroborated by Ohe et al,61 who
reported that hydroxyapatite-coated pedicle screws in a porcine
model exhibited increased bone-to-implant surface integration
when compared to nontreated screws. Gold nanoparticles have
also been shown to increase osseous integration as well, but these
have been limited to animal studies only.62 Additionally, a similar
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WANG ET AL

FIGURE 6. Intraoperative photographs of an extensive thoracolumbar fusion for pediatric spinal deformity
during a revision fusion for wound breakdown 5-yr postoperative from index fusion. There is visible wear
on the metal implant and obvious dissemination of metallic debris in the surrounding tissue. C© 2017
Indian Journal of Orthopaedics66 (https://www.springer.com/journal/43465). Reproduced under CC-BY-NC 3.0
(https://creativecommons.org/licenses/by-nc/3.0/).

concept of surface roughening that had been previously applied to
titanium interbody implants as described above was shown to also
increase pedicle screw pullout strength. In an in Vivo and in Vitro
study by Schwartz et al,63 roughened titanium pedicle screws
showed higher levels of osteocalcin, prostaglandin E2, TGF-β1,
and osteoprotegerin on the metal-bone interface compared to
smooth screws. Furthermore, bone-to-screw contact was greater
for the roughened screws, and the torque required to remove these
screws was twice as high as that required for smooth screws.63
Surface treatments for pedicle screws are not without their

drawbacks. The usage of treated screws and untreated rods,
for example, has been shown anecdotally to increase galvanic
corrosion between dissimilar surfaces to the point where metal-
losis becomes so severe as to require revision surgery. Titanium
alloys have also been shown to significantly increase the serum
levels of titanium and niobium levels in children.64 However,
Serhan et al65 performed a laboratory study using constructs
containing titanium and stainless steel and demonstrated that
titanium plus stainless steel constructs demonstrated qualita-
tively less corrosion than titanium-only constructs, and that
the flexibility and motion of the screw caps and rods were
the primary driver for corrosion and galvanization. Regardless,
stainless steel, while less likely to result in clinically significant

metallosis, is still associated with local tissue reactions and
metallic corrosion resulting in spectrographic structural imper-
fections that can weaken hardware constructs and increase failure
rates (Figures 6 and 766).67 Several authors have attempted to
utilize different substrates to combat this corrosion; however,
these efforts have yet to yield successful alternatives.68

FUTURE DIRECTIONS

While surface technologies have been developed primarily to
facilitate arthrodesis, there are new and emerging benefits that
extend beyond this application. For example, nano-roughened
titanium surfaces have been shown to decrease bacterial adhesion
and reduce the risk of infection from three common organisms
including staphylococcus aureus, staphylococcus epidermidis, and
pseudomonas aeruginosa.69 Silver nanoparticles have also been
shown to reduce bacterial growth on implant surfaces, and
recent studies have demonstrated a viable method of plasma ion
immersion or vapor deposition to create a durable silver nanopar-
ticle surface on a variety of implants.70,71 This has been applied
efficaciously for pedicle screws as well, although only in animal
studies.72
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IMPACT OF SURFACE TECHNOLOGY ON SPINAL ARTHRODESIS

FIGURE 7. Histolopathology from Figure 6 demonstrating metallic debris (black) with associated surrounding inflammatory response. Magnifi-
cation at x200 and x400, respectively. C© 2017 Indian Journal of Orthopaedics66 (https://www.springer.com/journal/43465). Reproduced under
CC-BY-NC 3.0 (https://creativecommons.org/licenses/by-nc/3.0/).

FIGURE 8. Carbon-fiber pedicle screws demonstrating significantly less metal artifact when compared to standard titanium or stainless steel
screws. Reprinted from World Neurosurgery, 105, Ringel F et al,75 Radiolucent carbon fiber-reinforced pedicle screws for treatment of spinal
tumors: advantages for radiation planning and follow-up imaging, 294-301, Copyright C© 2017, with permission from Elsevier.

Other technologies have been tested and subsequently fallen
out of favor. For example, porous tantalum is a frequently used
material in orthopedic hip and knee arthroplasty that was recently
adapted for spinal implants. It comprises a carbon scaffold
that contains a tantalum coating, which exhibits a modulus of
elasticity similar to bone while providing a high coefficient of
friction. As a result, porous tantalum increases osseous integration
and implant stability, which was the impetus for its adaptation
in spine surgery. Initial studies did indeed demonstrate excellent
clinical outcomes with long-term follow-up for these implants;
however, their complete radio-opaque appearance on imaging
makes it difficult to perform any subsequent diagnostics.73,74

Another such technology is PEEK or carbon-fiber pedicle
screws. An advantage of this screw type is the radiolucency
associated with PEEK products, which reduces artifact in postop-
erative imaging and can be particularly useful in spinal oncology
where high quality postoperative imaging is required for future
radiation planning (Figure 875). In a cadaveric study comparing
carbon fiber enhanced PEEK pedicle screws, Lindter et al found
no significant difference in screw loosening after a controlled
number of load cycles when compared to standard titanium
screws.76 Their increased cost and lack of comparative fusion
and motion elimination data against traditional stainless steel or
titanium screws have prevented their widespread adoption.
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TABLE 2. Summary of Data for Implant and Screw Surface Technologies

Material Advantages Disadvantages

Implant
Autograft Highest biocompatibility, highest fusion rate,

radiolucent
Donor site morbidity, less utility in lumbar spine

Allograft High biocompatibility, good fusion rate
comparable to autograft in clinical outcomes,
radiolucent

Less utility in lumbar spine

Untreated PEEK Strong biomechanical profile, radiolucent Inferior fusion rate Compared to auto/allograft,
fibrous scar formation

Roughened PEEK Good fusion profile, radiolucent Inferior fusion rate compared to allo/autograft,
inferior cost-benefit ratio to allo/autograft

Titanium-coated PEEK Good fusion profile, Radiolucent
Titanium-PEEK composite Good fusion profile, radiolucent
Titanium (treated, nontreated, porous,
three-dimensional printed)

Strong biomechanical profile, low infection risk,
biocompatible

Increased subsidence compared to auto/allograft

Porous tantalum High biocompatibility and fusion rates Highly radiopaque, difficult to evaluate anatomy
on postoperative scans

Silver nanoparticle-coated implants Reduces infection risk Lack of human clinical data demonstrating efficacy
compared to standard screws and cost-benefit

Screw
Hydroxyapatite-coated pedicle screw Increased pullout strength and osseous

integration
Lack of human clinical data demonstrating efficacy
compared to standard screws and cost-benefit

PEEK pedicle screw Radiolucent
Carbon-fiber pedicle screw Radiolucent
Roughened pedicle screw Increased pullout strength and osseous

integration
Gold nanoparticle pedicle screw Increased osseous integration
Silver-nanoparticle-coated pedicle screws Reduces infection risk

CONCLUSION

Surface technology is the next frontier of spine surgery and
offers a vast array of opportunities to advance osseous integration.
For interbody devices, it is apparent that autograft remains the
gold standard for fusion, although allograft has similar fusion
rates and avoids the drawbacks of donor site morbidity. Newer
surface technologies including smooth or roughened PEEK, or
titanium (also either smooth or roughened), while demonstrating
in Vitro efficacy, have yet to produce prospective randomized
clinical data demonstrating their superiority and safety in usage
of the cervical spine over more established products, and in
some studies have demonstrated inferiority. In the lumbar
spine, however, titanium-coated and titanium-composite PEEK
implants are safe and efficacious and are at least comparable
if not superior to allograft or autograft (Table 2). Similarly,
pedicle screw surface treatments have a promising future as
demonstrated in laboratory studies. It remains to be seen whether
hydroxyapatite sprays and other pedicle screw surface treatments
will demonstrate long-term clinical efficacy, safety, and improved
patient outcomes. Additionally, there is a need for more data on
the impact of surface technology and implant design on results
other than bony union. This includes (but is not limited to)

implant structural failure (ie, fracture, collapse), migration, and
infection. As long as surgeons can remain open-minded on new
technologies, the clinical potential for novel surface technologies
for spinal implants and instrumentation is limitless.
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