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Abstract Objective The present study evaluates radiographic outcomes and the lumbar
lordosis achieved with a transforaminal lumbar interbody fusion (TLIF) arthrodesis
technique according to the positioning of an interbody device (cage) in the disc space.
Methods This is a retrospective radiographic analysis of single-level surgical patientswith
degenerative lumbar disease submitted to a TLIF procedure and posterior pedicle
instrumentation. We divided patients into two groups according to cage positioning.
For the TLIF-A group, the cages were anterior to the disc space; for the TLIF-P group, cages
were posterior to the disc space. Considering the superior vertebral plateau of the lower
vertebra included in the instrumentation, cages occupying a surface equal to the anterior
50% of the midline were placed in the TLIF-A group, and those in a posterior position were
placed in the TLIF-P group. We assessed pre- and postoperative orthostatic lateral radio-
graphs to obtain the following measures: lumbar lordosis (LL) (angle L1–S1), segmental
lordosis (LS) (L4–S1), and segmental lordosis of the cage (SLC).
Results The present study included 100 patients from 2011 to 2018; 44 were males,
and 46 were females. Their mean age was 50.5 years old (range, 27 to 76 years old). In
total, 43 cages were “anterior” (TLIF-A) and 57 were “posterior” (TLIF-P). After surgery,
the mean findings for the TLIF-A group were the following: LL, 50.7°, SL 34.9°, and SLC
21.6°; in comparison, the findings for the TLIF-P group were the following: LL, 42.3°
(p<0.01), SL 30.7° (p< 0.05), and SLC 18.8° (p>0.05).
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Introduction

Lumbar arthrodesis with instrumentation has become part
of the daily practice of a spinal surgeon. Interbody device
(cage) implant with a pedicle screw system increased ar-
throdesis rates;1 however, the literature is not consistent
regarding the ability of these devices to gain lumbar lordosis
(LL) and eventually improve sagittal alignment.2,3 Today,
posterior interbody arthrodesis is the most performed sur-
gical procedure in absolute numbers, possibly due to the
greater familiarity of surgeons with this approach compared
with the anterior and lateral alternatives.

Transforaminal lumbar interbody fusion (TLIF) requires
less dura mater and descending nerve root retraction, mini-
mizing the risk of neurological injury compared with the
traditional midline interbody arthrodesis.3 Considering the
biomechanics, cage positioning within the disc space has a
direct correlation with the construct stability. The anterior
positioning is reportedly more stable than the central and
posterior counterparts.4

Restoring the sagittal alignment of the spine is crucial for
the success of arthrodesis. In addition, it correlates with
optimized clinical outcomes.2–4 A cage allows load support
by the anterior column, increases arthrodesis rates, and pro-
motes indirect foraminal decompressiondue to theheightgain

at the approached disc level.5 If a minimally invasive surgery
(MIS) is feasible, procedures can result in lower tissue aggres-
sion and in a shorter, optimized surgical recovery.6 Minimally
invasive surgery has significant advantages over traditional
techniques; nevertheless, once the contralateralmidline struc-
tures and facet joints remain intact, the potential for disc
height gain and segmental lumbar lordosis is substantially
reduced.7 The present study aims to compare a TLIF-type cage
device implant to the center of the disc space, ascertaining the
potential radiographical improvement of the LL correction by
an anterior positioning.

Materials and Methods

Study Design
The present study compares sagittal alignment parameters
before and after a MIS-TLIF in a single-disc level. For the
retrospective data collection, we accessed a database with
available radiographic measurements and evaluated lumbo-
sacral spine tests. These analyses allowed a complete and
clear identification from the upper plateau of L1 to the
sacrum of patients undergoing this surgery due to degener-
ative conditions from January 2001 to January 2018. After an
initial survey of the sample, we excluded nondegenerative
cases, those with previous deformities of a different nature,

Conclusion Cage positioning anterior to the disc space improved lumbar and
segmental lordosis on radiographs compared with a posterior placement.

Resumo Objetivo Avaliar os resultados radiográficos e comparar a lordose pós-operatória em
técnica de artrodese intersomática lombar transforaminal (TLIF, na sigla em inglês),
considerando como variável o posicionamento do dispositivo intersomático (cage) em
relação ao espaço discal.
Métodos Análise retrospectiva radiográfica de pacientes cirúrgicos, em nível único,
por doença lombar degenerativa, aplicando-se TLIF e instrumentação pedicular
posterior. Os pacientes foram divididos, conforme a posição do cage, em 2 grupos:
1. TLIF-A – cages na posição anterior do espaço discal; e 2. TLIF-P, cages na posição
posterior do espaço discal (considerando-se o platô vertebral superior da vértebra
inferior incluída na instrumentação, cages que ocuparam a superfície correspondente a
50% anterior da linha média, compuseram o grupo TLIF-A; opostamente, cages em
posicionamento posterior compuseram o grupo TLIF-P). Procedeu-se à avaliação dos
exames radiográficos ortostáticos em perfil no pré- e pós-operatórios, com a tomada
das seguintes medidas: lordose lombar (LL) (ângulo L1–S1); lordose segmentar (LS)
(L4–S1) e lordose segmentar do cage (LSC).
Resultados Cem pacientes foram incluídos de 2011 a 2018, sendo 44 homens e 46
mulheres, com idade média de 50.5 anos (27–76 anos). Um total de 43 cages foram
classificados como “anteriores” (TLIF-A) e 57, “posteriores” (TLIF-P); considerando o
grupo TLIF- A, os resultados pós-operatórios médios foram: LL 50.7°, LS 34.9° e LSC
21.6°; para o grupoTLIF-P, comparativamente: LL 42.3° (p< 0,01), LS 30.7° (p<0,05) e
LSC 18.8° (p>0,05).
Conclusão: O posicionamento anterior do cage em relação ao espaço discal corre-
laciona-se a melhora da lordose lombar e segmentar na radiografia em comparação
com o posicionamento posterior do implante.

Palavras-chave

► espondilolistese
► lordose
► fusão vertebral
► região lombossacral
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revision surgeries, and poor-quality radiographs that hin-
dered proper measurements.

We divided the patients into two groups according to cage
positioning: anterior (TLIF-A) and posterior (TLIF-P). We
analyzed lateral lumbosacral spinal radiographs in ortho-
stasis before and within the 1st week after surgery to obtain
the required measurements.

The Fisher exact test, the chi-squared test, and the Student
t-testdescribed anydifferences betweengroups (TLIF-Aversus
TLIF-P). Statistical significancewas set as p<0.05. Data extrac-
tion and evaluation were performed in IBM SPSS Statistics for
Windows, version 23.0 (IBM Corp., Armonk, NY, USA).

Demographics
The Institutional Ethics Committee reviewed and approved
the present project. Next, we included patients with lumbar
degenerative diseases, stenosis with instability, and degen-
erative spondylotic listhesis treated with a single-level TLIF
(L3–L4, L4–L5, or L5–S1). We suggested dividing groups A
and P into three subgroups because of their different levels,
which can influence the biomechanics of the instrumented
unit and of the lumbar region. The exclusion criteria were a
positive history of previous spine surgery and patients
undergoing multiple fusion levels. We included radiographs
with Pfirmann degeneration grades 3 or 4; however, we
excluded those classified as Pfirmann 5 to reduce internal
variability, since the number of patients undergoing MIS-
TLIF under this condition was expressively low.

Surgical technique
A single spinal surgeon operated on all patients included in
the present study. Starting from the Wilson-type spine
support position, the surgeonmade a bilateral posterolateral
lumbar incision up to the fascia level (Wiltse approach).
Applying traditional or tubular retractors, the surgeon ex-
posed the articular facets and bases of the transverse pro-
cesses of the instrumented lumbar level. Then, the surgeon
placed bilateral pedicle screws in the segment determined
for arthrodesis and performed a unilateral facetectomy on
themost symptomatic side, followed by a neural decompres-
sion according to the clinical picture. The surgeon prepared
the disc space using curettes and dilators, inserting the
interbody spacer (cage) by TLIF and applying heights from
9 to 13mm. All devices consisted of poly-ether-ether-ketone
(PEEK). Special attention was given to the surgical position-
ing of patients on the operating table, seeking hip extension
and lordosis increase with a Wilson-type support.

Radiographic assessment
We evaluated preoperative and postoperative lateral radio-
graphs in orthostasis using the Surgimap (Surgimap, Nova
York, NY, EUA) software to obtain sagittal alignment param-
eters. Themeasurementswere the following: LL – Cobb angle
formed by the superior vertebral plateau of L1 and the sacral
line (S1); segmental lordosis (SL) – Cobb angle formed by the
superior plateau of L4 and the sacral line (S1); and segmental
lordosis of the cage (SLC) – Cobb angle formed by the
superior plateau of the superiorly fused vertebra and the

inferior plateau of the inferiorly fused vertebra after cage
implant (►Figure 1).3

The Surgimap software analyzed a lateral radiograph of
the patient in orthostasis to determine cage positioning
(anterior versus posterior). The space of the instrumented
level was measured and divided in its center at a sagittal
incidence. Cages positioned in>50% of the anterior half of
the superior vertebral plateau from the inferior instru-
mented vertebra were classified as anterior (TLIF-A), while
the remaining cages composed the posterior group (TLIF-P)
(►Figures 1 and 2).

Results

Demographics
Complying with the inclusion and exclusion criteria andwith
the study duration, the final sample had 100 patients
(n¼100). From the 134 initially selected cases, we excluded
17 due to the low radiographic quality regarding the pre-
established parameters; 10 subjects potentially had other
previous diseases or a history of spinal surgery; and 7
patients did not adequately complete the documentation
required for research participation, even though this was
only an imaging analysis with no personal identification.
Demographically, 54 patientsweremale and 46were female,
with a mean age of 50.5 years old (range: 27 to 76 years old).
Females were significantly older than males (54 versus 47.5

Fig. 1 Lateral spine radiograph demonstrating the angular meas-
urements after cage introduction. LL, lumbar lordosis; SLC, segmental
lordosis of the cage; SL, segmental lordosis.
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years old, respectively; p<0.05). Degenerative spondylolis-
thesiswas themost prevalent condition (45%of the cases). The
most commonly addressed levels were L4–L5 (16% for TLIF-A
and 39% for TLIF-P) (►Tables 1 and 2).

Radiographic analysis’
Patients who underwent TLIF-A presented the following
results (mean values): preoperative LL, 53.93°; postoperative
LL, 50.72°; preoperative SL, 35.9°; postoperative SL, 34.9°;

preoperative SLC, 21.3°; and postoperative SLC, 21.6°. For the
TLIF-P group, results were the following: preoperative LL,
52.5°; postoperative LL, 43.5°; preoperative SL, 35.6°; post-
operative SL, 31.6°; preoperative SLC, 20.6°; and postopera-
tive SLC, 19.8° (►Table 3).

We calculated the differences between preoperative and
postoperative assessments and compared them according to
the positioning of the cage. Statistical significance was
observed for LL, with a numerical advantage for the TLIF-A
group (higher lordosis gain; p<0.01); the same was true for
SL (p<0.05). There was no difference regarding SLC, al-
though we observed a trend for favorable results in the
TLIF-A group (►Table 4).

A joint group analysis revealed no statistical significance
regarding sample stratificationper age or gender. In addition,
the analysis of the preoperative measurements showed no
statistical difference between the TLIF-A and TLIF-P groups,
indicating the homogeneity of the sample.

Patients with preoperative LL<50° had the cage posi-
tioned anteriorly in 36% of the cases; the opposite occurred
in those with a preoperative LL>50° (45% had the device
positioned anteriorly). Considering LL as lower or higher
than 50°, there was a statistical significance regarding pre-
operative and postoperative LL, SL, and SLC parameters
(►Table 5).

Discussion

Lumbar interbody arthrodesis using TLIF has become a
popular procedure with good radiographic and clinical out-
comes. In addition, it promotes direct and indirect foraminal
decompression in cases of degenerative lumbar diseases.
Cage positioning is crucial for an adequate sagittal alignment.
The anterior placement corrects the fulcrum supported on
the instrumented level, increasing lordosis with the inser-
tion of posterior pedicle screws and arthrodesis system
locking under compression.

Fig. 2 Lateral spine radiograph demonstrating the criterium for cage
positioning at the intervertebral space. TLIF-A, transforaminal lumbar
interbody fusion with an anterior cage; TLIF-P, transforaminal lumbar
interbody fusion with a posterior cage.

Table 1 Demographic data from the TLIF-A and TLIF-P groups

Group Total

TLIF-A TLIF-P

Gender Male (n) 25 29 54

Female (n) 18 28 46

Age Mean (years) 52 49

Surgical indication Stenosis with instability (n) 16 13 29

Degenerative spondylolisthesis (n) 16 29 45

Lytic spondylolisthesis (n) 11 15 26

Instrumented level L5–S1 (n) 26 11 37

L4–L5 (n) 16 39 55

L3–L4 (n) 1 7 8

Total (n) 43 57 100

Abbreviations: TLIF-A, transforaminal lumbar interbody fusion with an anterior cage; TLIF-P, transforaminal lumbar interbody fusion with a posterior
cage.
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Despite the surgical challenges for anterior cage position-
ing, this outcome is often not feasible because of the ana-
tomical features of the vertebral plate, the complete collapse
of the instrument disc space, or the cage format itself.

We identified an overall decrease in postoperative lumbar
lordosis compared with the preoperative values regardless of
cage positioning. This finding is consistent with a previous
study performed by us on the same topic. Moreover, the
literature reports that the posterior positioning of the cage,
in this context, generates a significant loss of lumbar lordosis
comparedwith theanteriorpositioning.Hsiehet al.8published
similar results, with decreased LL and segmental disc angle in
the postoperative period. They attributed thesefindings to the
challenges of anterior cage positioning and unilateral facetec-
tomy to the detriment of a bilateral procedure.

Kepler et al.9 evaluated 45 patients undergoing a single-
level TLIF. These authors reported a mean increase of 3.6° in
LL and amean final disc height gain of 4.5mm. The latter was
associated with the anterior positioning of the cage, with no
repercussions for LL.

Our study revealed a postoperative improvement in lum-
bar and segmental lordosis for the TLIF-A group compared
with the TLIF-P group. In some cases, the intraoperative

anterior positioning of the cage was a challenge, mostly
because of the concavity of the superior vertebral plateau.
As such, the cage went towards the center of the disc space,
reducing its anteriorization. We only performed unilateral
facetectomies, a potentially significant limiting factor for
lordosis gain. Compared with the current practice, we
adopted the bilateral facet approach as a standard, resulting
in better lumbar lordosis gain.

In a retrospective cohort study, Tye et al.10 demonstrated
that a bilateral facetectomy with a single-level TLIF improved
clinical outcomes compared with the unilateral facet ap-
proach. In addition, they reported no negative impact on
perioperative complications or final radiographic parameters.
Considering the improvement in sagittal alignment because of
the gain in lordosis, maybe we should perform bilateral
facetectomies and, perhaps, more aggressive discectomies.3

In contrast to our findings, the literature shows that the
anteroposterior positioning of the cage regarding the disc
space has no direct influence over postoperative lumbar
lordosis. For Faundez et al.,11 neither positioning (TLIF-A
and TLIF-P) could change thefinal SL, since the unilateral TLIF
technique keeps the anterior and posterior longitudinal
ligaments intact. Similarly, Salem et al.12 reported that a

Table 2 Preoperative and postoperative comparison of data from lateral radiographs in orthostasis

Age
(years old)

Preop LL
(L1–S1)

Preop SL
(L4–S1)

Preop SLC
(variable)

Postop LL
(L1–S1)

Postop SL
(L4–S1)

Postop SLC
(variable)

TLIF-A TLIF-P

Mean 50.5 53.09 35.7 20.92 46.61 33.03 20.5 43 57

Male (n¼54) 47.5 52.26 35.98 21.80 47.17 33.31 20.69 25 29

Female (n¼46) 54 54.07 35.37 19.89 45.96 32.70 20.28 18 28

Comparative
p-value

< 0.05 0.22 0.38 0.14 0.31 0.37 0.40

Abbreviations: LL, Lumbar lordosis; Preop, preoperative; Postop, postoperative; SL, segmental lordosis; SLC, segmental lordosis of the cage; TLIF-A,
transforaminal lumbar interbody fusion with an anterior cage; TLIF-P, transforaminal lumbar interbody fusion with a posterior cage.

Table 3 Comparison of preoperative and postoperative lordosis parameters according to cage positioning (TLIF-A versus TLIF-P)

n Age
(years old)

Preop LL
(L1–S1)

Preop SL
(L4–S1)

Preop SLC
(variable)

Postop LL
(L1–S1)

Postop SL
(L4–S1)

Postop SLC
(variable)

TLIF-A 43 52 53.93 35.88 21.28 50.72 34.91 21.56

TLIF-P 57 49 52.46 35.56 20.65 43.51 31.61 19.70

Comparative
p-value

0.05 0.26 0.43 0.36 0.001 0.03 0.12

Abbreviations: LL, Lumbar lordosis; Preop, preoperative; Postop, postoperative; SL, segmental lordosis; SLC, segmental lordosis of the cage; TLIF-A,
transforaminal lumbar interbody fusion with an anterior cage; TLIF-P; transforaminal lumbar interbody fusion with a posterior cage.

Table 4 Statistical analysis comparing TLIF-A with TLIF-P

Preop LL
(L1–S1)

Preop SL
(L4–S1)

Preop SLC
(variable)

Postop LL
(L1–S1)

Postop SL
(L4–S1)

Postop SLC
(variable)

Preop LL
(L1–S1)

Preop SL
(L4–S1)

p-value

TLIF-A(n¼43) 53.93 50.72 < 0.05 35.88 34.91 > 0.05 21.28 21.56 > 0.05

TLIF-P (n¼57) 52.46 43.51 < 0.01 35.56 31.61 < 0.05 20.65 19.70 > 0.05

Abbreviations: LL, Lumbar lordosis; Preop, preoperative; Postop, postoperative; SL, segmental lordosis; SLC, segmental lordosis of the cage; TLIF-A,
transforaminal lumbar interbody fusion with an anterior cage; TLIF-P; transforaminal lumbar interbody fusion with a posterior cage.
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single-level TLIF had no impact onpostoperative LL regarding
variables such as approach type, instrumented level, the
performance of facetectomies, and cage positioning to the
disc space. These authors highlighted the absence of seg-
mentar lumbar lordosis gain for the bilateral facet approach
group compared with unilateral facetectomy alone.

The surgical outcomes from these authors led to the
recommendation of a maximal anterior positioning for opti-
mal lumbar lordotic potential gain, which consistent with
the literature.13,14 Therefore, a lumbar interbody fusion
using the TLIF technique may improve lumbar lordosis,
reducing pelvic compensation. Alone, however, it may be
unable to correct all sagittal alignment losses.15

We compared the results according to cage positioning
(TLIF-A versus TLIF-P) using a preoperative LL cutoff value of
50°. There was a significant gain in the final LL for patients
with an initial LL>50°. However, this gain was not signifi-
cant when the preoperative LL was<50°, indicating that
these subjects require additional techniques to improve
sagittal alignment regardless of cage positioning.

We must also consider the potential subsidence of the
cage in prolonged segments. Interbody arthrodesis using a
single-level transforaminal technique resulted in a signifi-
cant radiographic gain in LL in early postoperative evalua-
tions. This gain, however, progressively decreased over 1 year
of follow-up and reached a point of insignificance compared
with the last assessment. Thus, to avoid this outcome, the
literature recommends angled cages constructed to increase
the anterior lordosis and their insertion as anteriorly as
possible within the disc space.14

Conclusion

A TLIF with anterior cages has better radiographic outcomes
regarding LL and SL compared with posterior devices in
spinal fusion surgeries with a single-level approach. There
was no significant difference regarding the SL of the arthrod-
esis segment and no preoperative variable correlated with
the final positioning of the cage. We identified a general
decreasing trend for LL and SL. A stratification for preopera-
tive LL (50°) showed that the anterior positioning improved
the final LL value in patients with a preoperative LL>50°.
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