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Key points of interbody fusion following surgical decompression and stabilization
of the lumbosacral spine: literature review
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The literature review focuses on artificial intervertebral fusion. An increasing number of instrumented spinal procedures
are performed each year with improved diagnostic and treatment strategies, advanced surgical technologies and optimal
anesthetic techniques. One of the most common complications of spinal fusion is nonunion with the high reported
incidence. Factors affecting fusion rates in lumbar spine surgery are described. Data from articles and textbooks of the
last two decades have been used to reflect the current understanding of the research problem including reports in the

earlier literature when appropriate.
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INTRODUCTION

Spondylodesis is an effective spinal fusion surgery
in the treatment of patients with intervertebral disc
degeneration, spine deformities and traumatic
injuries. An increasing number of instrumented
spinal procedures are performed each year with
improved diagnostic and treatment strategies, the
overall increase in life expectancy, the availability
of novel fusion techniques and optimal anesthetic
technologies. Epidemiological study using the
U.S. national administrative data showed a 2.4-
fold increase in the annual number of spinal fusion
discharges, and a 2.7-fold increase in primary lumbar
fusion discharges between 1998 and 2008 [2]. The
likelihood of reoperation following a lumbar spine
operation can be substantial. Nonunion rates for
surgical spine stabilization have been reported to be
as great as 40%. [3, 4]. Irmola T. et al. reported the
cumulative reoperation rate of 12.5% at 2 years and
nearly 20% at 4 years following instrumented lumbar
spine fusion. The newer spine fusion techniques allow
for improved fusion rates after surgical stabilization.

In 2011, Bridwell K.H. et al. detailed factors
governing artificial spine fusion in the textbook of
spinal surgery that included:

- bone graft or bone graft substitute: types of graft
(cancellous or cortical bone), quantity of grafts used,
preparation technique employed, etc.;

- fusion biomechanics: stability of fusion segment,
loading and impaction of fusion segment, location of
spondylodesis along spine, number of levels to be
fused, efficacy of spinal immobilization, specific type
of fusion (TLIF, PLIF, ALIF, LLIF);

- reliability of fixation for spondylodesis: preparation
of fusion site, peculiarities of blood supply of soft tissues
and fusion bed, previous surgery, local bone disease
(e.g., infection), bone homeostasis;

- systemic factors: metabolic bone disease (e.g.,
osteoporosis), hormonal changes, drugs (corticosteroids),
infections, smoking, nutritional status.

Spine fusion can be diagnosed with minimally
invasive techniques and most common grading
systems.

Bridwell et al. described a grading system for
success in anterior interbody fusion in 1995. In 2007,
Tan G.H. suggested grading fusion into one of four
grades from complete fusion to bipolar pseudarthrosis.
[9] Dynamics in bone-metal fusion can be well
evaluated with grading system offered by I.A.Baulin
et al. [10] who identified union of graft/implant and
fusion bed. Fusion was recommended to be assessed
at one year postsurgery considering physiological
specific reparation of vertebral bone tissue.

Osteoinductive materials

The choice of graft material has profound
implications for the success or failure of
spondylodesis. The support of osteoinductive
principles through the use of autograft would improve
fusion. Allofenic bone grafts and other processed
bone graft materials (recombinant morphogenetic
protein, hydroxyapatite-, tricalcium phosphate-based
biomaterials, their combinations) are used to fill the
interbody cages or employed as a monocomponent to
achieve fusion. Huang H. et al. compared the process
of substitution between allograft bone and local bone
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grafting in lumbar interbody fusion performed for
transforaminal lumbar interbody fusion (TLIF) and
transpedicular fixation employed for 81 patients. The
mean area of bone mass in local bone grafting showed
an almost 2-fold increase over that in the allograft bone
at a 6- and 12-month follow-up demostrating superior
osteoinductive properties. Comparative studies of
autografts and calcium phosphate indicate to less
osteoinductive properties of the latter. M. Thaler et al.
reported solid fusion with the use of calcium phosphate
for posterior lumbar interbody fusion cages in nearly
30 % at 1 year after surgery, and inadequate fusion
was seen in 40 % of the cases. The fusion rate of a
hydroxyapatite biomaterial showed higher efficacy as
compared to that of calcium phosphate in interbody
fusion surgery. Kim D.H. reported no statistically
significant differences in fusion status with different
osteoinductive materials in lumbar interbody fusion
surgery. The authors concluded that a greater initial
stability of the anterior lumbar interbody fusion
motion segment and minimum risk of subsidence
can be achieved with parallel mediadorsal cages or
media-ventral position converging to the center with
fusion aided by posterior screw fixation.

Recombinant human bone morphogenetic protein
(thBMP) is known as the best bone graft substitute
in spinal fusion. A retrospective study published in
Spine journal in 2018 reported the fusion rate for
the rhBMP and autograft groups being 92.7 % and
92.3 %, respectively. Hueng DY et al. explored
in vitro biomechanical effects of cage positions
standalone and in posterior facet fixation providing
stability for the motion within normal physiological
limits [27]. The authors concluded that a greater
initial stability of the anterior lumbar interbody fusion
motion segment and minimum risk of subsidence
can be achieved with parallel mediadorsal cages or
media-ventral position converging to the center with
fusion aided by posterior screw fixation.

Biomechanical aspects of spondylodesis

Implant size, the volume of osteoinductive
material, adequate curettage are important for
successful fusion. The parameters can be different
depending on approaches to lumbar interbody fusion
and surgical technique used: anterior (ALIF), lateral
(LLIF), oblique (OLIF), transforaminal (TLIF) and
posterior (PLIF). There are several advantages distinct
to the ALIF approach: affords the surgeon control
curettage, use larger cage and osteoinductive material
of greater volume to facilitate fusion [17, 18, 20]. A
benefit with LLIF includes placing an appropriately
sized cage.
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Which of the technologies can provide optimal
conditions for interbody fusion? There is no definitive
answer to the question. Findings are controversial.
In a recent comparative analysis published in World
Neurosurgery, no significant difference in fusion
rates was demonstrated between ALIF, TLIF and
PLIF at a 1-to-2-year follow-up.[20] ALIF provided
the greatest amount of segmental and overall lumbar
lordosis, TLIF resulted in less postoperative pain and
PLIF showed a decreased implant subsidence rate.
A meta-analysis published in 2017 did not show any
significant differences between the groups (ALIF,
PLIF, TLIF and LLIF) in terms of fusion rates. Implant
subsidence is of major concern since the loss of angle
correction and intervertebral disc space height due to
subsidence may jeopardize the anatomic quality of
the fusion. Implant subsidence encounters in 35 % of
the cases. Majority of the subsidence are reported to
occur within the first 6-8 weeks after surgery with
no progression onwards. Adverse events associated
with fracture of the endplate during cage impaction
include aggressive curettage, removal of the anterior
longitudinal ligament, central cage location, use of
bone graft alone, forced implant impaction, a small
contact area between the cage and the endplate,
and sagittal imbalance. Radiographic and clinical
evaluation of cage subsidence reported in 2013
graded subsidence using the following scale: Grade I,
0 %-24 % loss of postoperative disc height; Grade II,
25 %-49 %; Grade III, 50 %-74 %; and Grade IV,
75 %-100 % [23].

The factors that were identified by Calvo-Echenique
A. et al. as being most influential in minimizing implant
subsidence included a wider cross-sectional cage size,
greater interbody support to endplate, ventral cage
placement and curvature congruence with the endplates.
Lowe TG et al. used human cadaveric specimen to
quantify the endplates resistance to compressive loads
at six different endplate test positions with implants of
different design and area (hollow or solid cylindrical
indenters) and the effects of endplate, being partially
or fully removed, on structural strength [25]. For
all levels tested, the highest MLF occurred in the
posterolateral region of the endplate. The lowest value
occurred in the central region (by 38 %). A larger-
diameter solid support had the greater maximum load
to failure, and the ultimate compressive strength for
maximum-diameter hollow indenters was significantly
higher than solid indenters with the lower risk of
subsidence. There was no significant reduction in the
endplate strength with partial removal of the endplate
providing good conditions for fusion. Ventral removal
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of endplates and posterolateral cage placement were
found to be practical for PLIF and TLIF. At least a
30 % of cage and endplate coverage indicated to a
decreased subsidence rate.

There is increasing recognition of the importance
of spinal sagittal alignment in relation to fusion rates.

The average load that can be applied to the ventral
column of the thoracolumbar junction in 'argonomic'
balance is about 3.5 Nm that can increase to 35 Nm
with the lever ventrally increased by 10 cm from
the gravitation line that interferes with fusion.
Rao PJ et al. reported 10.2 % rate of subsidence in
147 patients undergoing ALIF with a significant
negative correlation between lumbar lordosis and the
extent of subsidence (Pearson correlation = —0.754,
P =0.012) [22]. Hueng DY et al. explored in vitro
biomechanical effects of cage positions standalone
and in posterior facet fixation providing stability for
the motion within normal physiological limits [27].
The authors concluded that a greater initial stability
of the anterior lumbar interbody fusion motion
segment and minimum risk of subsidence can be
achieved with parallel mediadorsal cages or media-
ventral position converging to the center with fusion
aided by posterior screw fixation.

What is the role of posterior screw fixation for
interbody fusion? In 2018, there was a research on
biomechanical influence of anterior longitudinal
ligament and pedicle screws on subsidence with the
use of hyperlordotic cages. Transpedicular screw
fixation significantly decreased the stress in endplates,
cages and lowered facet contact force, thus reducing
the likelihood of failure. Another series evaluated the
stability of fusion constructs using TLIF technologies
with unilateral or bilateral posterior instrumentation.

Polyetheretherketone (PEEK) rods have become
available as an alternative to metal rods for use with
pedicle screws to perform posterior lumbar fusion.
Compared with the titanium rod, the less rigid PEEK
rod may alter load-bearing and control abnormal
motion, which in consequence may promote the
intervertebral bone fusion rate according to Wolff’s
law. Several clinical studies concerning the use of
PEEK rod systems for fusion procedure are available
in the published literature, however, clinical outcomes
are still controversial. Ormond DR et al. reported
documented fusion rate of 89.3 % in 42 patients who
underwent single-level fixation using TLIF and semi-
rigid rods being similar to that as compared to other
instrumentation modalities.

Studies comparing titanium and PEEK focus on
fusion rates and subsidence. PEEK and titanium cages
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are similar regarding fusion rates, however, there is a
significant difference in subsidence rates. Subsidence
remains a significant concern with titanium implants,
but PEEK is much more promising in this area due
to mechanical strength and elasticity close to those
of the bone. Phan K. et al. prospectively evaluated
outcomes of ALIF in normal-weight, over-weight and
obese patients. Fusion rate was significantly lower
for patients who were obese (p = 0.014) and 30 % of
obese patients experienced failed fusion [50].

Disc space preparation for interbody fusion

A thorough curettage of the disc space is
essential for a solid fusion. To enable fusion, a
sufficient amount of potentially osteogenic cells is
necessary; therefore, bleeding bone must be present
adjacent to the graft. Two techniques of endplate
preparation can be distinguished. One includes
deliberate endplate cavitation to provide a host bed
of bleeding cancellous bone. The other technique
involves excision of the cartilage endplate down
to bleeding subchondral bone for the compressive
strength and stiffness of the vertebral body. The two
surgical concepts of in situ fusion or realignment are
to be considered. Direct visualization of endplate
preparation helps to avoid damage of endplates
and ensures adequate disc preparations that can be
provided with ventral approach. Endplates at the
cranial vertebral aspect may be more susceptible to
damage than caudal endplates because they are 40 %
thinner and supported by less dense trabecular bone
that is to be considered while performing curettage.
The authors compared outcomes of patients who had
cage subsidence or screw loosening and those who
did not. Subsidence was shown to have no influence
on clinical and radiological outcomes but screw
loosening significantly reduced the fusion success
rate at one year postoperatively. Surgery is technically
more challenging to perform in patients with morbid
obesity and is associated with a significantly
increased operative time, blood loss and a higher risk
of postoperative complications (infection, venous
thromboembolism, etc.) and can jeopardize long-
term outcomes. Some authors reported a higher risk
of subsidence and nonunion in obese patients [49,
50]. Phan K. et al. prospectively evaluated outcomes
of ALIF in normal-weight, over-weight and obese
patients. Fusion rate was significantly lower for
patients who were obese (p = 0.014) and 30 % of
obese patients experienced failed fusion [50].

Modic changes and interbody fusion

Baseline characteristics of endplates may play arole
in clinical outcomes of interbody fusion. Changes in

Literature review



signal intensity in vertebral endplates and subchondral
bone marrow on magnetic resonance imaging (IMRI)
were first described and formally classified by Modic
et al. in 1988. Based on their appearance in MRI
images, Modic changes are pathophysiologically and
morphologically classified into three types. Modic
type 1 changes represent bone marrow oedema and
inflammation; Modic type 2 changes represents marrow
ischemia and the conversion of normal red haemopoietic
bone marrow into yellow fatty marrow, and Modic
type 3 changes are representive of subchondral bone
sclerosis [41, 42]. Many authors suggest that all Modic
changes can progress from one type to another type
[43, 44]. The natural conversion of Type I to Type II
takes place over a year of interbody fusion. However,
there are few studies evaluating interbody fusion in
presence of different types of changes in the endplates
and the adjacent red haemopoietic bone marrow. A
higher nonunion rate is reported with baseline Modic
type 1 changes with no stabilization performed. It can
be suggested that the hypothesized natural history of
vertebral endplate changes including microfractures
of the endplate accompanied by increased vascular
density along with an increase in the number of nerve
endings and levels of proinflammatory mediators due
to regular biomechanical stress facilitated better fusion
in type I and type II. A further proportion of studies
is needed for a higher evidence regarding correlation
between different Modic types and bony fusion rates
following spondylodesis procedure.

Systemic factors

Osteoporosis is a disorder characterized by reduced
bone mass, impaired bone quality (microarchitechtonics),
and a propensity to fracture [47]. The condition is
currently a challenge for spinal surgeons. Spinal
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surgeries with pedicle screw fixation and interbody
fusion for osteoporotic spine have risks of screw
loosening and subsidence, which may require a
reoperation. Cho JH et al detected that subsidence
and screw loosening rates were significantly higher
in osteoporotic patients who underwent single-level
PLIF as compared to that in non-osteoporotic patients,
but fusion rate did not differ between the groups at one-
year follow-up [48]. The authors compared outcomes
of patients who had cage subsidence or screw
loosening and those who did not. Subsidence was
shown to have no influence on clinical and radiological
outcomes but screw loosening significantly reduced
the fusion success rate at one year postoperatively.
Surgery is technically more challenging to perform in
patients with morbid obesity and is associated with a
significantly increased operative time, blood loss and a
higher risk of postoperative complications (infection,
venous thromboembolism, etc.) and can jeopardize
long-term outcomes. Some authors reported a higher
risk of subsidence and nonunion in obese patients
[49, 50]. Phan K. et al. prospectively evaluated
outcomes of ALIF in normal-weight, over-weight and
obese patients. Fusion rate was significantly lower
for patients who were obese (p = 0.014) and 30 % of
obese patients experienced failed fusion [50].

Smoking is another systemic factor affecting
successful interbody fusion. Many studies have stated
that smoking increases the risk of pseudarthrosis and
subsidence because nicotine induces tissue hypoxia and
has toxic effect on osteoblast cells [51, 52]. Glassman
SD et al. reported fusion achieved in 76.2 % of smokers
and in 94.1 % of nonsmokers who underwent single-
level instrumented lumbar fusion with use of the iliac
crest bone graft at 2 years postoperatively. [53].

CONCLUSION

A successful spine fusion is a multifactorial
process dependent on a number of local and systemic
factors that affect the healing response. The factors
include the use of osteoinductive materials, fusion
techniques, systemic factors like osteoporosis,
obesity, etc. and these have been discussed extensively
in the literature but controversies still exist. Clinical
and radiological outcomes of interbody fusion can be

improved with piloting potential solutions for better
patient experiences, quality of life and financial
results. The routine spine surgery practices involve
preoperative patient evaluation, surgical evaluation
process, comprehensive preoperative medical review
coupled with a technically immaculate surgical
procedure and evidence-based proactive continuous
improvement.
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