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This literature review examines the relative placement of the interbody cage with respect to the unilateral screw construct to address 
the need for bilateral screw placement versus unilateral screw placement. Transforaminal lumbar interbody fusion (TLIF) has become 
a widely used technique for correcting lumbar intervertebral pathologies. This review addresses the necessity for further study on 
the effects of the relative position of intervertebral cage placement on the outcome of lumbar spine surgery after TLIF with unilateral 
pedicle screw fixation. Previous studies have addressed various factors, including posterior screw fixation, cage size, cage shape, 
and number of levels fused, that impact the biomechanics of the lumbar spine following TLIF. A simple survey of the literature was 
conducted. A search of the English literature was conducted using the keywords ‘TLIF,’ ‘transforaminal lumbar interbody fusion,’ ‘graft 
placement,’ ‘graft position,’ ‘cage position,’ ‘cage placement,’ ‘unilateral pedicle screw,’ ‘unilateral TLIF cage placement,’ ‘lumbar 
biomechanics,’ ‘lumbar stability,’ ‘lumbar fusion,’ and ‘lumbar intervertebral cage’ with various combinations of the operators ‘AND’ 
and ‘OR’ and no date restrictions. Seventeen articles in the English literature that were most relevant to this research question were 
identified. To the best of our knowledge, there are no published data addressing the effects of cage placement relative to the unilat-
eral screw on lumbar stability in TLIF with unilateral pedicle screw fixation. Investigation of the effects of cage placement is, thus, 
warranted to achieve optimal clinical outcomes in patients undergoing TLIF with unilateral pedicle screw fixation.
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Introduction

Transforaminal lumbar interbody fusion (TLIF) is a sur-
gical technique used for the treatment of symptomatic 
intervertebral disk pathologies. In intervertebral body 
fusions, the intervertebral disk is partially or almost fully 
removed, and one or more cages containing graft mate-

rial are placed in the intervertebral space. The cage serves 
to maintain the intervertebral height and lumbar lordosis 
[1] while allowing vertebral bone ingrowth and fusion 
[2]. Adequate intervertebral rigidity is necessary for graft 
fusion without dislodgment [3] and is therefore essential 
to patient recovery [4]. To further stabilize the fusion and 
promote restoration of lordosis, posterior instrumentation 
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is utilized by insertion of unilateral or bilateral pedicle 
screws [3]. TLIF has become an increasingly popular fu-
sion technique due to its anatomical advantages, which 
reduce damage to the thecal sac and spinal nerve roots 
and preserve contralateral structures [5]. Multiple system-
atic reviews and meta-analyzes have reported TLIF fusion 
rates ranging from 89.71% to 97.53% [5,6].

In TLIF procedures, bilateral pedicle screws are tradi-
tionally utilized as additional posterior fixation because 
they provide the greatest stability. However, although its 
efficacy compared with bilateral fixation is debated, uni-
lateral pedicle screw placement may be more desirable 
because it is less invasive and entails less operative time, 
less blood loss [7,8], and less destruction of posterior 
structures [1,7,9]. In addition, bilateral fixation may in-
crease stress at adjacent intervertebral levels in patients 
undergoing multi-level fusion due to increased stiffness, 
which can ultimately lead to degeneration [7,10,11].

Some studies comparing TLIF outcomes with unilateral 
and bilateral pedicle screw fixation have reported no sig-
nificant differences in fusion rates [5,7,9], spinal stability 
[8], and long-term clinical outcomes [7]. However, other 
studies suggest that unilateral screw fixation provides 
insufficient stability and jeopardizes healing [11,12]. To 
the best of our knowledge, the effect of cage placement 
relative to the screw for TLIF with unilateral pedicle screw 
stabilization has not been studied. It is thus worthwhile to 
investigate whether cage placement position impacts the 
need to use a contralateral screw, which is a more invasive 
method of posterior fixation.

Placement is important when considering the different 
sizes and shapes of cages. In the TLIF approach, a unilat-
eral facetectomy is performed on the symptomatic side, 
decompressing the exiting spinal nerve root and allow-
ing access to the intervertebral space [11]. Because of the 
restricted access space in TLIF, cages with a smaller foot-
print are warranted yet may be associated with increased 
complication rates [13]. Smaller footprints in the central 
part of the vertebral endplate may be more likely to sub-
side [4] and experience fusion failure at lower loads [14]. 
Consideration of cage placement in TLIF within the disk 
space relative to the unilateral fusion may therefore be es-
sential when aiming for optimal stability.

To implement the most appropriate construct for opti-
mal lumbar stability, it is important to evaluate the stabi-
lization effects of cage position on TLIF as it pertains to 
screw fixation and cage shape. Such a strategy is expected 

to result in improved surgical outcomes. To the best of our 
knowledge, no studies have clearly elucidated the signifi-
cance of the placement of the interbody cage on the stabil-
ity of the lumbar spine in TLIF procedures with unilateral 
pedicle screw fixation. The purpose of this review was 
thus to address the necessity of determining the structural 
effects of cage placement on the lumbar spine in TLIF. Ul-
timately, this will determine whether cage position can be 
manipulated to affect the TLIF construct such that stabil-
ity with unilateral pedicle screw fixation is equivalent to 
that of TLIF with bilateral fixation.

Materials and Methods

A simple survey of the literature was conducted. A 
PubMed search was conducted with the keywords ‘TLIF,’ 
‘transforaminal lumbar interbody fusion,’ ‘graft place-
ment,’ ‘graft position,’ ‘cage position,’ ‘cage placement,’ 
‘unilateral pedicle screw,’ ‘unilateral TLIF cage placement,’ 
‘lumbar biomechanics,’ ‘lumbar stability,’ ‘lumbar fusion,’ 
and ‘lumbar intervertebral cage’ in various combinations 
using the operators ‘AND’ and ‘OR.’ The language was re-
stricted to English, and articles were cross-referenced. No 
date restrictions were used.

Results

As summarized in Table 1 [1-13,15-17], the search result-
ed in one systematic review with meta-analysis, two meta-
analyzes, three randomized control trials, two retrospec-
tive cohort studies, four in vivo biomechanical studies, 
one in vitro biomechanical study and narrative review, two 
narrative reviews, and one technical description. There 
were no prospective double blinded studies and no studies 
directly addressing the question of placement of the inter-
body device relative to the unilateral pedicle screw.

Discussion

Previous studies of the relationship between the posi-
tion of the interbody cage and the effect of stability on 
the lumbar spine have presented conflicting results [16]. 
Ames et al. [3] compared the stabilities of posterior lum-
bar interbody fixation and TLIF using three separate ap-
proaches: the difference in range of lumbar motion after 
one or two level TLIF without pedicle screw fixation, the 
additional stability provided by bilateral pedicle screw fix-
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ation, and the difference in stability with the graft placed 
at the midline versus placed anteriorly in the sagittal plane 
in a single-level TLIF procedure. The authors concluded 
that cage position did not significantly impact the stability 
of the L2–L3 level and that posterior fixation with bilat-
eral pedicle screws increased rigidity within the construct 
[3]. This study suggested that TLIF increased construct 
rigidity by the addition of posterior pedicle screw fixation, 
but did not address unilateral versus bilateral fixation or 
whether cage position impacts the method used. Simi-
larly, an in vitro biomechanical study by Faundez et al. 
[16] reported no significant difference in stabilization in a 
comparison of semi-lunar cage placement in the anterior 
third of the disk space versus placement in the posterior 
third of the disk space and that TLIF with either approach 
provided significantly greater stability to the spine. Taken 
together, these studies suggest that the position of the cage 
within the sagittal plane may not impact lumbar stability 
with TLIF.

Oxland and Lund [2] reviewed in vitro stability follow-
ing fusion with anterior and posterior approaches but ex-
cluded the transforaminal approach. Anteriorly inserted 
cages provided increased stability in flexion, lateral bend-
ing, and axial rotation, whereas posteriorly inserted cages 
increased stability with flexion. Posteriorly inserted cages 
also resulted in decreased rigidity in axial rotation. The 
authors suggested that a contributing factor to the differ-
ences could be the placement of the cage, as the cage is 
typically placed more centrally in the posterior approach 
[2]. It would therefore be worthwhile to investigate the 
impact of placement on stability in the transforaminal 
approach and also to determine whether cage position 
impacts stability. This review also suggested that both the 
anterior and posterior approaches provide inadequate 
stabilization of the intervertebral segment in extension [2]. 
If graft placement plays a role in stability, utilizing place-
ment to maximize stability could help reduce undesirable 
excessive motion as well as improve clinical outcomes 
with unilateral screw fixation.

Castellvi et al. [13] evaluated the in vivo effects of TLIF 
graft position in the sagittal and coronal planes. Motion 
was analyzed in patients who had previously undergone 
TLIF surgery and then assessed in relation to the place-
ment of their interbody graft, which was identified by 
radiological imaging. The anterior column of the lumbar 
spine carries 80% of the weight-bearing load, making it 
an essential component of lumbar stability and proper fu-

sion [1]. The findings of this study support this assertion 
by showing that positioning the cage more anteriorly in 
the sagittal plane increased stability in flexion-extension 
and lateral bending. In the coronal plane, a cage placed 
closer to the midline provided increased stability with lat-
eral bending [13]. These findings are indicative that TLIF 
cage placement may have a significant impact on lumbar 
stability, suggesting that stability is maximal with anterior 
placement. However, the study did not specify the method 
of posterior screw fixation, and it is unclear whether the 
method may have played a role in stability. Furthermore, 
these findings contradict those of some previous in vitro 
biomechanical studies [3,16], underscoring the possibil-
ity that individual patient characteristics may influence 
postoperative stability [13]. Although this study provides 
a foundation for an established correlation between TLIF 
cage position and intervertebral stability, further explora-
tion and data are warranted for a better understanding of 
this relationship.

When performing interbody fusion, a large cage foot-
print is desired [4,14]. Studies have shown that postero-
lateral and peripheral regions of the vertebral endplate 
are strongest [14] and that cages with smaller footprints 
placed in the weaker center of the vertebral endplate may 
lead to increased susceptibility to subsidence and biome-
chanical instability [4]. However, TLIF requires posterior 
access, necessitating the use of a smaller cage relative to 
traditional anterior lumbar interbody fusion. Tan con-
ducted a study comparing in vitro effects of cage shape 
and surface area on load failure and lumbar stiffness, 
concluding that cage surface area did not impact rigidity. 
However, smaller cages did result in bone deformation 
beneath the cage and decreased failure load [14]. Cannes-
tra et al. [4] found that expandable interbody cages with 
unilateral screw fixation provided greater stability than 
TLIF with a conventional banana-shaped polyetherether-
ketone cage with bilateral screw fixation. Although these 
studies offer conflicting evidence whether cage surface 
area directly impacts lumbar rigidity, they underscore the 
impact of increased surface area on the vertebral endplate 
to reduce subsidence, which may result in increased sta-
bility. Therefore, optimizing cage placement on the verte-
bral endplate in the peripheral or posterolateral position 
to reduce subsidence and endplate damage may result 
in optimal biomechanical stability. However, no definite 
conclusions can be drawn at this time, warranting further 
investigation.
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The most common site of isthmic spondylolisthesis is 
the L5–S1 segment, whereas the most common site of de-
generative spondylolisthesis is the L4–L5 segment. Can-
nestra et al. [4] noted that L5–S1 and L4–L5 undergo the 
greatest lumbar flexion-extension, greatest shear loads, 
and provide two-thirds of lumbar lordosis. Cannestra et 
al. [4] and Harris et al. [11] reported that stability with 
axial rotation at L4–L5 decreased after TLIF with unilat-
eral pedicle screw fixation compared with the intact seg-
ment, whereas Ames et al. [3] found a significant increase 
in stability with axial rotation at L2–L3 compared with 
the intact segment. These conflicting reports suggest that 
appropriate cage position may differ on the basis of the 
intervertebral level undergoing fusion due to the unique 
biomechanics of each level. When determining cage posi-
tion, surgeons may want to consider the level at which 
they are operating in order to achieve optimum stability 
due to biomechanical effects.

Several studies included in this review found that pa-
tients undergoing fusion with unilateral pedicle screw 
fixation experienced less blood loss and shorter opera-
tive time relative to those undergoing bilateral fixation 
[5-7,9,10]. Many also found no significant differences in 
postoperative functioning, fusion rate, or complication 
rate between the two methods [5-8,10]. Based on these 
outcomes, unilateral pedicle screw fixation appears to be 
the optimal choice for patients undergoing TLIF. How-
ever, conflicting results have been reported.

In a meta-analysis of randomized control trials examin-
ing differences in clinical outcomes between patients who 
underwent TLIF with bilateral versus unilateral pedicle 
screw fixation, Xiao et al. [8] concluded that unilateral 
pedicle screw fixation achieved similar clinical outcomes, 
fusion rates, and complications as bilateral screw fixation. 
However, it could not be definitively concluded that uni-
lateral fixation achieved the same efficacy and safety levels 
as bilateral fixation. In a systematic review and meta-
analysis by Hu et al. [5], unilateral pedicle screw fixation 
yielded decreased stability compared with bilateral fixa-
tion in some cases, although ultimately the study con-
cluded that unilateral fixation was as efficacious and safe 
as bilateral fixation.

In a randomized control trial by Duncan and Bailey 
[12] comparing rates of cage migration between patients 
undergoing fusion with unilateral versus bilateral fixa-
tion, there were significantly more cases of cage migra-
tion among patients undergoing unilateral screw fixation. 

Similarly, Harris et al. [11] compared the stabilites of the 
L4–L5 lumbar segment and entire lumbar spine (T12–
S1) after insertion of a single carbon fiber Brantigan cage 
with or without posterior pedicle screw fixation. TLIF 
with bilateral pedicle screw fixation resulted in greater 
stability than TLIF with unilateral fixation, although both 
techniques increased stability compared with standalone 
cages. The authors suggested that bilateral pedicle screw 
fixation provided the greatest stability and should be the 
standard for posterior fixation following unilateral TLIF 
[11]. However, these studies did not address the position 
of the interbody cage. If the cage can be positioned to 
optimally stabilize the lumbar segment, this may improve 
the stability of the construct such that unilateral fixation is 
equivalent to or more stable than bilateral fixation.

Conflicting evidence in the literature has presented 
challenges for determining whether unilateral pedicle 
screw fixation provides adequate stability to be advanta-
geous over bilateral fixation. If cage position does have a 
significant effect on the stability of the fusion construct, 
then the cage may be inserted in a position that equalizes 
the stability of TLIF with unilateral screw fixation to that 
of TLIF with bilateral screw fixation, negating the need for 
a second screw and minimizing invasiveness, costs, and 
operative time. However, as there is insufficient evidence 
supporting whether cage position in the intervertebral 
space can impact stability such that bilateral fixation is not 
needed, further investigation is needed.

Conclusions

To the best of our knowledge, there have been no studies 
evaluating the effect of cage position relative to the uni-
lateral pedicle screw construct on the stability of the lum-
bar spine in TILF with unilateral pedicle screw fixation. 
Because greater lumbar stability after interbody fusion 
results in improved fusion rates, thereby leading to better 
clinical outcomes, we propose that additional studies test-
ing the placement of the interbody cage position relative 
to the unilateral screw construct are needed to determine 
if ideal cage placement can render unilateral TLIF func-
tionally equivalent to bilateral TLIF.
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