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Abstract: Over the past several decades, there has been an upward trend in the total number of spinal

fusion procedures worldwide. Advanced spinal fusion techniques with or without internal fixation, additional

innovations in surgical approaches, innovative implants including a wide variety of interbody devices, and

new alternatives in bone grafting materials are some reasons for the increasing number of spine fusion

procedures. Moreover, the indications for spinal fusion have broadened over time. Initially developed for

the treatment of instability and deformity due to tuberculosis, scoliosis, and traumatic injury, spinal fusion

surgery has now a wide range of indications like spondylolisthesis, congenital or degenerative deformity,

spinal tumors, and pseudarthrosis, with degenerative disorders as the most common indication. This review

emphasizes current lumbar fusion techniques and their development in the past decades.
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Introduction

Since the earliest description of spinal fusion performed by
Dr. Russell A. Hibbs in 1911 and later by Dr. Fred H. Albee
for tuberculosis, it has become one of the most commonly
performed orthopedic procedures. The indications for
spinal fusion have broadened over time since the surgery
was initially developed for the treatment of instability due
to tuberculosis or deformities. Surgical techniques have
evolved in the past decades and spinal fusion is now used
to treat a variety of indications such as traumatic injuries,
deformities, primary and secondary tumors, infections
and degenerative conditions of the spine (1-3). The most
common diagnoses in 2008 for spinal fusion procedures
were lumbar degenerative disc disease and cervical disc
replacement in the United States (13.8% and 12.2%) (1,4).
Several studies and systematic reviews have been
published to provide guidelines about the optimal surgical
treatment option for various indications. Various studies
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have showed that spinal fusion procedures have a positive
effect on patient outcomes. The Spine Patient Outcomes
Research Trial (SPORT) has been one of the most
influential studies to investigate the treatment effect of
operative and non-operative therapies in the treatment of
spinal stenosis and degenerative spondylolisthesis. Published
data continue to demonstrate the benefit of operative spine
fusion interventions for these conditions at 2, 4 and 8 years
postoperatively (5-7). Additionally, for tumor patients
with spinal cord compression caused by spinal metastases,
decompression combined with instrumentation showed
better results compared to decompression alone (8-12).
Over the past several decades, there has been an upward
trend in the total number of spinal fusion procedures
worldwide. Kim ez 4l. reported a difference in spine surgery
utilization among Japan, Korea and the United States
with the highest incidence of spine surgery in the United
States (13). In Canada, an upward trend of lumbar fusion
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procedures has been reported with an increase from 6.2 to
14.2 procedures per 100,000 population between 1993 and
2012 in Ontario (14). In Australia, the number of spinal
fusion procedures increased by 169% in the public and
private sectors (2% and 167%) between 1997 and 2006,
which was a higher increase than hip or knee arthroplasty
procedures (15). In the United Kingdom, recent data
showed a similar upward trend (16,17). Between 2005
and 2015, Provaggi et al. reported an increase of 63% in
spinal fusion procedures in the United Kingdom (16,17).
Similarly, Grotle er al. reported a significant increase in
simple and complex lumbar spine surgery, mostly for fusion
procedures, in Norway from 1999 to 2013 (18).

Trends in lumbar fusion procedures

In 2004, Deyo et al. published an article on the growing
use of spinal fusion procedures in the United States with
a 77% increase between 1996 and 2001 (2). Rajaee ez al.
analyzed the spinal fusion rate between 1998 and 2008
and reported an ongoing increase in the frequency and
utilization of spinal fusion in the United States with a 2.4-
fold (137%) increase. Sheik et 4/. analyzed 7.1 million cases
between 1998 and 2014 from the largest United States
inpatient health-care database and showed a continuously
upward trend for spinal fusion procedures (P<0.001) with
an increase of 118% from 1998 to 2014 and an overall
downward trend in the utilization of non-fusion spinal
procedures like decompression (Figure 1) (4,19,20). In
regards to differentiating the trend in the number of levels
operated in lumbar fusion procedures, Al Jammal reported a
higher increase in short fusion procedures than long fusion
procedures between 2010 and 2014 (from 35.3% to 47.2%
versus 5.7% to 7.1%) in patients with lumbar stenosis (20).

Sheik er al. reported close parallels in the upward trend
of the utilization of spinal fusion as well as hip and knee
procedures in the United States from 1998 to 2014, with
a relative increase of 89% for spinal fusion and 81% for
hip and knee procedures (4). Rajaee et a/. published similar
results for hip and knee arthroplasty with an increase of
49.1% and 126.8% compared to the 137% increase for spine
fusion procedures between 1998 and 2008 (Figure 2) (1).
The authors reported spinal fusion procedures went from
the 37" most common procedure in 1998 to the 16™ in
2008, directly after primary hip replacement (15" most
common procedure) (1). The increase in spinal fusion
procedures does not appear to be associated with higher
surgery utilization rates across specialties (1,4).
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Figure 1 Utilization of spinal fusion procedures per year in the
United States from 1998 to 2014 (1,4).
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Figure 2 Utilization trend of hip and knee replacement (per
100,000 persons) in the United States from 1998 to 2008 (1).

Comparing cervical, thoracic and lumbar spine fusion
procedures, the overall number of fusions procedures has
increased in all regions of the spine. Wang et al. described
a significant increase in cervical fusions of 206% for
degenerative changes from 1992 to 2005 (21). Rajaee ez al.
reported a 114% increase in the annual number of primary
cervical fusion cases and an 82% increase in primary
thoracic fusion cases from 1998 to 2008 in the United States
(1,4). With a 2.7-fold increase (170.9%), primary lumbar
fusion had the largest increase compared to cervical and
thoracic fusion procedures in this time period according to
Rajaee et al. (1).

Al Jammal et al. reported a continuous increase in lumbar
fusion surgeries from 41% to 54.3% in patients with
lumbar stenosis in combination with and without coexisting
scoliosis from 2010 and 2014 in the United States (20).
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Varshneya et al. reported an increase of 168.5% specifically
for anterior lumbar interbody fusion (ALIF) procedures in
the United States from 2007 to 2014 (22).

A multitude of factors may have contributed to increased
spinal fusion utilization rates such as the improved
biomechanical and pathophysiology understanding of the
human spine, improved diagnostic imaging techniques,
broader indications for surgery, the development of
various instrumentation techniques with an increased
availability of spinal fixation devices, the development of
minimally invasive surgery (MIS), new surgical techniques,
and innovative alternatives in bone grafting materials.
Furthermore, significant technological advancements, a
growing number of well-trained spine specialists, an increase
in the life expectancy of the population, and the overall
improved safety profile of spinal fusion procedures over
time could be additional reasons for an ongoing upward
trend in spine fusion surgery (1,4,13). The overall increased
safety of spine fusion procedures with lower complication
rates may also explain a decrease in reoperation rates (18).

Nevertheless, it is important for surgeons to be aware
of potential complications and their management such as
neurological injuries, dural tears, implant-related issues,
pseudarthrosis, infections, and wound issues, especially
in multilevel spinal fusions that have a higher risk for
complication risk (23,24). Despite an increasing number
of spine fusion procedures it is highly important to make
individual decisions for each patient with considerations of
the patient’s condition and risk for complications.

Trends in surgical approaches and implants

Advanced spinal fusion techniques like the use of pedicle
screw fixation for posterior instrumentation, innovations
in surgical approaches, and novel implants are factors in
the increased spinal fusion rates and clinical outcomes
over the last several decades (25-32). Surgical fusion is an
effective treatment method to correct deformity, stabilize
painful segment movement and restore lordosis and sagittal
balance (31). There is a wide range of fusion methods, from
anterior, lateral or posterior approaches, interbody fusion
with stand-alone cages or with internal fixation that are
used based on the surgical indication, surgeon preference,
and patient condition.

Over the years, pedicle fixation systems for spinal
stabilization have evolved to incorporate biomechanical
principles of spinal stability and improvements in new
technologies and materials. The systems can differ in many
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aspects such as in their method of attachment to the spine,
specific pedicle screw design (mono- vs. poly-axial), the
connection of the screw-rod system (side- vs. top-loading)
as well as in the biomaterials used (33-35).

When the FDA approved intervertebral fusion cages in
1996, there was a rapid growth in fusion rates for all spinal
fusion procedures (36). The variety of interbody fusion
implants increased and are based on implant geometry like
cage width, length, thickness and lordotic angle, material
and material surface (14,37). Developments in cage
designs evolved from biologic implants like bone dowels
or femoral ring allografts to threaded titanium cages and
polyetheretherketone (PEEK) cage devices (30). For the
optimization of cage design, current studies are focusing
on improving cage geometry, cage material and surface
materials for better osseointegration and postoperative
outcomes (35,38,39).

For posterior fusion with instrumentation, the
preexisting posterolateral fusion without implants made
progress over the last decades, leading to posterior lumbar
interbody fusion (PLIF) as one of the most established
lumbar fusion procedures. Other approaches have also been
developed such as transforaminal lumbar interbody fusion
(TLIF) for direct unilateral access to the intervertebral
foraminal space (13,31,40). Similar to the development of
posterior fusion techniques, anterior and lateral approaches
have also evolved. The typical transperitoneal approach has
been adapted to an anterior retroperitoneal approach.

Lumbar spinal fusion procedures are now well-known
and widely adopted as surgical treatment for various spinal
disorders such as congenital or degenerative deformities,
degenerative disc disease, spondylolisthesis, spinal stenosis,
trauma, infection and tumor (16,31). Currently there are
different approaches to lumbar interbody fusion including
ALIF, PLIF, lateral or extreme lateral lumbar interbody
fusion (LLIF), and TLIF (7able 1).

The anterior retroperitoneal approach, mostly suitable
for L4/5 and L5/S1, allows an efficient anterior discectomy
and maximal implant size without injuring the posterior
neural structures for effective correction of lordosis and
height restoration of the affected level (31). The ALIF
procedure spares the posterior and psoas muscle that
improves postoperative stability, but the technique is known
for visceral and vascular injuries (41,42).

PLIF is one of the traditional approaches for lumbar
interbody fusion and is commonly performed by the
majority of spine surgeons. The technique allows for
posterior access to the spine with visualization of the nerve
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Table 1 Overview of interbody fusion techniques and their advantages and disadvantages (13,16,31,37,40-60)

Interbody fusion

) Indications Advantages Disadvantages
technique
PLIF Degenerative Most common, well trained surgeons Paraspinal muscle damage and hence
pathologies including prolonged postoperative recovery
segmental instability, ) ) . . .
9 ) Y Good posterior visualization and possibility =~ Aggravated endplate preparation
recurrent disc )
. ) for decompression
herniation, symptomatic
spinal stenosis, Good interbody height restoration Challenging correction of coronal imbalance
pseudarthrosis and and restoration of lumbar lordosis
deformit . . ) -
¥ Option for 360° fusion through single Neural/dural injury
approach
TLIF Degenerative Sparing posterior ligamentous and reducing  Difficult endplate preparation
pathologies including iatrogenic paraspinal muscle damage and
segmental instability, improved postoperative biomechanical
recurrent disc stability
herniation, symptomatic . . - . .
r e y P I Reducing the risk of nerve root and dural Limited overall view comparison to
spinal stenosis, injur conventional bilateral PLIF
pseudarthrosis and jury
deformity Option for 360° fusion through single Challenging correction of coronal imbalance
approach and restoration of lumbar lordosis
LLIF Degenerative Minimal invasive muscle-splitting approach ~ Not suitable for L5/S1 fusion due to iliac
pathologies including with potential for faster postoperative crest bone, severe central canal stenosis,
deformities in mobilization bony lateral recess stenosis and high-grade
combination with a spondylolisthesis/instability
osterolateral fusion, - . . ) . .
P ) . Sufficient deformity correction Only for patients without prior
lumbar laterolisthesis .
retroperitoneal surgery or adverse vascular
anatomy
Endplate preparation Injury of lumbar plexus and iliac vessels at
caudal levels with difficulties to control due
to approach
Cage size diameter larger in comparison to ~ Neuromonitoring is essential due to
posterior approaches with good correction  transpsoas access
of lordosis and height restoration
ALIF Strict anterior suitable Efficient anterior discectomy similar to LLIF  Visceral and severe vascular injuries

for L4/5 and L5/S1
disc pathologies as
osteochondrosis

Oblique technique
access to lumbar spine
for degenerative disc
disease

Cage size diameter larger in comparison to
posterior approaches with good correction
of lordosis and height restoration

Sparing posterior and anterolateral psoas
muscle and neural structures

Retrograde ejaculation

Increased approach related risks in patients
with prior abdominal surgery or adverse
vascular anatomy

In cases of high-grade deformity additional
posterolateral fusion

PLIF, posterior lumbar interbody fusion; TLIF, transforaminal lumbar interbody fusion; LLIF, lateral lumbar interbody fusion; ALIF, anterior

lumbar interbody fusion.
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roots, the option for neural decompression, good interbody
height restoration, and the possibility of a 360-degree
fusion through a single incision (31,43). Disadvantages of
the PLIF technique is that paraspinal muscle injury could
result in delayed postoperative recovery, approach related
injuries like retrograde ejaculation and sympathetic injury,
the aggravated endplate preparation due to the posterior
anatomy of the spine compared to anterior preparation, and
possible inadequate correction of coronal imbalance and
lordosis restoration (31,37,44).

The LLIF technique accesses the affected disc level
through a lateral retroperitoneal, transpsoas approach. Due
to the location of the iliac crest bone, LLIF is not suitable
for treatment of the L5/S1 level. At the more caudal levels
of the lumbar spine, the risk of injury to the lumbar plexus
and iliac vessels increases. Advantages of this approach are
less muscle injury with a potential for faster postoperative
mobilization as well as the possibility for sagittal and
coronal deformity correction (31,45-48).

TLIF provides direct unilateral access to the
intervertebral foraminal space through the posterior spine
while sparing the ligamentous structures and paraspinal
muscles for better postoperative biomechanical stability.
Endplate preparation can be difficult with this approach and
correction of coronal imbalance and lordosis restoration is
limited (31,41,49-53).

There is still no evidence on the clinical superiority of
one approach over another. Indications for each approach
vary based on surgeon preference, spinal fusion levels, and
the patient condition (31,54,55). These fusion approaches
can also be performed using mini-open or MIS techniques
as a less-invasive surgical method. The evolution of MIS
techniques is one possible explanation for the number of
increasing spinal fusion procedures worldwide (16,31,47,56).
Several studies have shown that interbody fusions have
more than doubled in the past decade with a growing
popularity in MIS techniques especially in PLIF and TLIF
for various indications (57-60).

The lack of worldwide or even national guidelines and
evidence for the treatment of different surgical indications
has led to wide variability in surgical management. Studies
are needed to assess clinical outcomes, reoperation and
revision rates to better define the indications and efficacy of
lumbar spinal fusion procedures (20,36,61-63). A worldwide
comparison between increases in short and multilevel spine
fusion rates would offer additional procedural evidence that
can be informative about the potential impact on surgical
outcomes. In addition, definitive conclusions regarding the
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advantages and disadvantages of a given implant and clinical
evidence are lacking. Future surgical practice would benefit
from continued biomechanical studies, experimentation
and clinical studies. Additionally, the implementation of
a spine implant registry similar to the knee and hip joint
replacement registry would be useful to identify possible
reasons for implant failure and improve fusion outcomes.
The area of customized, patient-specific spinal implants
is another interesting area and has yet to be explored in
clinically relevant studies (16,64,65).

Trends in biologics

With the worldwide increasing number of spine fusion
procedures performed every year, a number of new bone
graft substitutes has been introduced to improve spine
fusion rates as alternate methods to autograft harvesting
(66-69). Bone graft substitutes such as bone marrow aspirate
(BMA), mesenchymal stem cells (MSCs), allograft (i.e.,
cortico-cancellous allograft), and demineralized bone matrix
(DBM) are often used in combination with synthetic grafts,
ceramics or growth factors such as recombinant human
bone morphogenetic proteins (thBMPs) (66-68,70,71).
The biologics differ in their capability as osteogenic (bone
growth), osteoconductive (promotes ingrowth of blood
vessels), and osteoinductive (promotes differentiation of
stem cells) (72,73). Provaggi et al. showed that autograft is
still the preferred bone grafting procedure in the United
Kingdom (16). In contrast, there has been a small shift from
autologous to other bone grafts in the United States (74).

Tissue engineering products such as bone growth factors,
have the potential to lower the rate of pseudarthrosis.
rhBMP-2 is currently the only FDA-approved growth
factor. Additionally, recombinant human parathyroid
hormone (rhPTH) and thBMP-7 have been studied
clinically for improving spinal fusion (75-78).

Autologous iliac crest bone graft (ICBG) remains the
current “gold standard” as bone graft material in lumbar
fusion surgery. The fusion rates with alternative bone graft
substitutes like BMP-2 is still unclear and fusion rates
range widely between studies. (67,75,79). Several studies
investigated the complication spectrum of BMP-2, including
carcinogenicity, and reported a wide range of potential
complications, complication rates, and controversial
conclusions (80-85). The systematic review of Mariscal ez a/.
recently reviewed six high-quality randomized clinical trials.
The review concluded that BMP-2 had more beneficial
effects on posterolateral lumbar fusion rates with reduced
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surgical morbidity (surgical time, intraoperative blood loss,
hospitalization days) with the same clinical patient-reported
outcome scores (Oswestry Disability Index, 36-Item
Short Form Health Survey, Back Pain Score) than ICBG
in concordance with previous findings (79,86). Lao er al.
reported in their trend analysis of thBMP utilization in
single-level PLIF and ALIF in the United States, a 3-fold
increase from 2005 to 2011 in the rate of PLIF without
rhBMP-2 compared to PLIF with thBMP-2. There was
a sharp decrease between 2009 and 2011 for ALIF with
rhBMP-2 (87,88). The systematic review of Morris et al.
showed comparable outcomes for most bone graft
materials with the highest fusion rates for local autograft in
combination with BMA in posterolateral lumbar fusion (67).

Cottrill e al. reviewed studies about experimental growth
factors in animal models and identified several growth
factors that may improve spine fusion rates (75). One of
the most innovative research areas in spinal fusion is gene
therapy. Gene therapy investigates the expression of genes
that code for osteoinductive and osteogenic factors and how
to target them. To date, however, gene therapy studies have
been limited to preliminary animal models (89,90). Another
interesting research area is the interaction of BMPs and
BMP antagonists. How BMP antagonists influence BMPs’
osteogenic effects is one possible explanation for non-union
after spinal fusion procedures (91-93).

With the growing number of bone graft substitutes, it is
becoming increasingly difficult to compare all the available
options. Consequently, deciding on the appropriate bone
graft or bone graft substitute choice for the practicing spine
surgeon is more challenging than in the past. Developing
new technical innovations are expensive and often associated
with limited use based on indication. For instance, bone graft
substitutes like BMP-2 therefore are often used off-label for
certain indications or surgical approaches in lumbar fusion
procedures (94,95). The higher costs and restricted approval
for the use of new bone grafts can prohibit their utilization
despite improved clinical outcomes. An example where newer
biologics may be cost prohibitive is in Germany, where the
health-care system does not reimburse the costs for the usage
of novel bone graft substitutes like for BMP-2 in Germany
(96,97). Further studies should therefore investigate the
best grafting options based on the patient and surgery while
considering the overall cost-effectiveness and efficacy.

Conclusions

Spine surgery fusion rates continue to increase worldwide

© Journal of Spine Surgery. All rights reserved.

757

as a result of new developments in spine fusion procedures
and surgical techniques, improved implants and interbody
devices, and advancements in complication prevention
strategies. Lumbar degenerative disc disease is the most
common diagnosis for spine fusion surgery.

Continuous improvement of the safety profile of lumbar
fusion surgery, the increasing number of minimally invasive
procedures and innovative instrumentation devices in
combination with new bone grafting materials will be
reasons for an ongoing number of fusion procedures in the
future.

How the increasing upward trend will affect the
healthcare systems worldwide is one of the important
future questions. Sheik et /. reported overall charges for
spinal fusion procedures concurrently increased with the
number of fusions from 34% in 1998 to 61% in 2014.
In 1998 estimated $12 billion were charged in for spinal
fusions compared to $48 billion in 2014 (4). The authors
described changes in distribution of payers for spinal fusion
procedures with a growing proportion of the cases paid by
Medicare, from in 1998 21% of the procedures to almost
40% in 2014. Interestingly, Sheik et 4/ showed in contrast
to the increased hospital charges a relative decrease in
the reimbursement from public payers for spinal fusion
procedures in the United States (4). How increasing costs of
instrumentation and procedure specific costs have an impact
on overall charges for spinal fusion procedures in the future
and how the ongoing upward trend will be influenced is an
interesting topic for future studies as well.

In the current literature, there is great variability in
reporting about the ideal surgical management strategy
based on indications and clinical outcomes. The results from
studies about the optimal spine fusion procedure, use of
instrumentation for internal fixation, instrumentation type,
graft source, fusion location and postoperative treatment
often conflict. Due to a lack of high-level evidence and
clear guidelines, it can be difficult to compare treatment
options and decide on the best surgical management.
Large randomized and prospective studies are warranted
to investigate fusion surgical treatment options based on
patient condition and specific indications. It would also be
interesting to investigate the utilization of the type of spinal
fusion for specific indications and compare the upward
trend between surgical procedures.
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