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ABSTRACT

Obijective: To verify the effectiveness of indirect decompression after lateral access fusion in patients with high pelvic incidence.
Methods: A retrospective, non-comparative, non-randomized analysis of 22 patients with high pelvic incidence who underwent lateral
access fusion, 11 of whom were male and 11 female, with a mean age of 63 years (52-74), was conducted. Magnetic resonance ex-
ams were performed within one year after surgery. The cross-sectional area of the thecal sac, anterior and posterior disc heights, and
bilateral foramen heights, measured pre- and postoperatively in axial and sagittal magnetic resonance images, were analyzed. The
sagittal alignment parameters were measured using simple radiographs. The clinical results were evaluated using the ODI and VAS
(back and lower limbs) questionnaires. Results: In all cases, the technique was performed successfully without neural complications.
The mean cross-sectional area increased from 126.5 mm preoperatively to 174.3 mm postoperatively. The mean anterior disc height
increased from 9.4 mm preoperatively to 12.8 mm postoperatively, while the posterior disc height increased from 6.3 mm preoperatively
to 8.1 mm postoperatively. The mean height of the right foramen increased from 157.3 mm in the preoperative period to 171.2 mm in
the postoperative period and that of the left foramen increased from 139.3 mm in the preoperative to 158.9 mm in the postoperative.
Conclusions: This technique is capable of correcting misalignment in spinal deformity, achieving fusion and promoting the decompres-
sion of neural elements. Level of evidence Ill; Retrospective study.

Keywords: Arthrodesis; Spinal Stenosis; Decompression.

RESUMO

Objetivo: Verificar a eficacia da descompressao indireta depois de fuséo por acesso lateral em pacientes com alta incidéncia pélvica. Méto-
dos: Analise retrospectiva, ndo comparativa, ndo randomizada de 22 pacientes com alta incidéncia pélvica submetidos a fusao por acesso lateral;
11 do sexo masculino e 11 do sexo feminino, com média de idade de 63 anos (52 a 74). Os exames de ressonancia magnética foram realizados
até um ano depois da cirurgia. Foram analisadas: area da se¢ao transversal do saco tecal, altura discal anterior e posterior, altura dos forames
bilaterais, medidas no pré e pds-operatdrio em imagens de ressonancia magnética axial e sagital. Os parametros do alinhamento sagital foram
medidos a partir de radiografia simples. Os resultados clinicos foram avaliados com os questionarios ODI e EVA (costas e membros inferiores).
Resultados: Em todos 0s casos, a técnica foi realizada com sucesso, sem complicagbes neurais. A area da Secgdo transversal media aumentou
de 126,5 mm no pré-operatdrio para 174,3 mm no pdés-operatdrio. A média da altura anterior do disco aumentou de 9,4 mm no pré-operatdrio
para 12,8 mm no pds-operatdrio, enquanto a altura posterior do disco aumentou de 6,3 mm no pré-operatdrio para 8,7 mm no pds-operatorio.
A média da altura do forame direito aumentou de 157,3 mm no pré-operatério para 171,2 mm no pés-operatério e a do forame esquerdo
aumentou de 139,3 mm no pré-operatdrio para 158,9 mm no pos-operatorio. Conclusdes: Essa técnica é capaz de corrigir o desalinhamento
na deformidade da coluna vertebral, alcangando a fusdo e promovendo a descompresséo dos elementos neurais. Nivel de evidéncia llI;
Estudo Retrospectivo.

Descritores: Artrodese; Estenose Espinhal; Descompresséao.

RESUMEN

Objetivo: Verificar la eficacia de la descompresion indirecta después de fusién por acceso lateral en pacientes con alta incidencia pélvica.
Métodos: Analisis retrospectivo, no comparativo, no aleatorizado de 22 pacientes con alta incidencia pélvica sometidos a fusién por acceso
lateral; 11 del sexo masculino 'y 11 del sexo femenino, con promedio de edad de 63 afios (52 a 74). Los examenes de resonancia magnética
fueron realizados hasta un ano después de la cirugia. Fueron analizadas: area de la seccion transversal del saco dural, altura discal anterior y
posterior, altura de los fordmenes bilaterales, medidas en el pre y posoperatorio en imagenes de resonancia magnética axial y sagital. Los para-
metros de la alineacion sagital fueron medidos a partir de una radiografia simple. Los resultados clinicos fueron evaluados con los cuestionarios
ODl'y EVA (espalda y miembros inferiores). Resultados: En todos los casos, la técnica fue realizada con éxito, sin complicaciones neurales.
El area de la seccion transversal promedio aumenté de 126,5 mm en el preoperatorio para 174,3 mm en el postoperatorio. El promedio de
altura anterior del disco aumentd de 9,4 mm en el preoperatorio para 12,8 mm en el postoperatorio, mientras que la altura posterior del disco
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aumentd de 6,3 mm en el preoperatorio para 8,1 mm en el postoperatorio. El promedio de altura del foramen derecho aumentd de 157,3 mm
en el preoperatorio para 171,2 mm en el postoperatorio y la del foramen izquierdo aumentd de 139,3 mm en el preoperatorio para 158,9 mm
en el postoperatorio. Conclusiones: Esta técnica es capaz de corregir la desalineacion en la deformidad de la columna vertebral, alcanzando
la fusién y promoviendo la descompresion de los elementos neurales. Nivel de evidencia lll; Estudio retrospectivo.

Descriptores: Artrodesis; Estenosis Espinal;, Descompresion.

INTRODUCTION

Lumbar stenosis is a change that occurs frequently in elderly
patients and also a reason for surgical indication at advanced ages.'
With the continuing increase in life expectancy, an increased inci-
dence of stenosis is expected. While the exact incidence is unk-
nown, it is estimated that lumbar stenosis affects between 3 and
12 patients out of every 100,000 inhabitants older than 65 years
of age annually.?

Spinal stenosis results in a narrowing of the canal, resulting
from degenerative changes in various elements (facet hypertrophy,
bulging discs, and redundancy of the yellow ligament) that cause
the neural structures to be confined by the bones of the spine and
adjacent soft parts.? In general, the onset of symptoms is slow
and gradual, however, they can be exacerbated by trauma and
intense activity.®*

Degenerative stenosis can involve the central canal, the lateral
recess, the foramina, or a combination of these, the latter being
the most common cause of acquired stenosis, especially affecting
adults and the elderly."® Canal stenosis occurs more frequently at
level L4L5, followed by L5S1 and L3L4.* However, it is necessary to
be aware that stenosis may be associated with secondary causes,
such as disc herniation, spondylolisthesis, and Paget’s disease,
which exacerbate the narrowing.'*

Lateral lumbar interbody fusion (LLIF) is a minimally invasive
surgery (MIS) technique dedicated to the treatment of degene-
rative spinal problems, including adult spinal deformity. Pimenta
et al. described the LLIF technique and demonstrated its potential
advantages in comparison to other surgical techniques, showing its
capacity for indirect decompression of the neural elements, restora-
tion of disc height (DH), less tissue trauma, reduced postoperative
pain, a shorter hospitalization, and a more rapid return to work.®

The ability of the LLIF technique to indirectly decompress
the neural structures by retention of the anterior and posterior
longitudinal ligaments was demonstrated in several subsequent
publications.”®

The objective of this study was to retrospectively evaluate the
clinical and radiological effects of distraction promoted by the LLIF
technique, in combination or not with posterior pedicular supple-
mentation, for the treatment of central spinal stenosis in adults with
high pelvic incidence, as well as the surgical time and blood loss
of the procedure.

METHODS

Patients

This was a retrospective clinical study of patients with canal
stenosis who underwent lateral lumbar interbody fusion (LLIF). The
study was approved by the Institutional Review Board as number
24010619.0.0000.5455.

Patients who filled out the Informed Consent Form (ICF), had
received LLIF of one or more levels to treat stenosis, had magnetic
resonance images from the preoperative period and from some
point in the postoperative period up to one year following surgery,
and who had responded to at least one clinical questionnaire
(Oswestry Disability Index or VAS) preoperatively, postoperatively,
and at the one-year follow-up were included.

Patients whose images did not permit visualization of the target
project structures and whose MR did not have a scale or DICOM to
permit measuring of any of the target structures were excluded. The
patient inclusion and exclusion workflow is shown below in Figure 1.

All patients included in the study underwent an MR exami-
nation prior to the surgical procedure and at the last postopera-
tive follow-up visit for analysis of the parameters of interest. The
cross-sectional area of the thecal sac (CSA), anterior disc height
(ADH), posterior disc height (PDH), right foramen height (RFH),
and left foramen height (LFH) were measured preoperatively and
postoperatively from T2-weighted MR images in axial and sagittal
cuts (Figures 1 and 2). Segmental lordosis (SL) between the upper
plateau of the cranial vertebra and the lower plateau of the caudal
vertebra of the operated level was also considered and pelvic inci-
dence, pelvic version, sacral slope, and lumbar lordosis (measured
from L1-S1) were measured from lateral simple radiographs. All
the measurements of the considered parameters were taken by
Horos (Nimble Co LLC, MD) and Surgimap Spine (Nemaris Inc.,
New York, USA) programs.

Statistical analysis

The data were statistically analyzed using the GraphPad Prism
8 program (GraphPad, La Jolla, CA). The difference between the

30 Patients Included

* 2images did not permit visualization
of the structures

* 6 images did not permit
measurement of the structures (scale)

»

8 Patients Excluded

22 Patients Analyzed

Figure 1. Patient inclusion and exclusion workflow. Imaging examinations
and parameters considered.
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Figure 2. Clinical results accessed from the clinical questionnaires. (A) Phy-
sical limitation results ob-tained by ODI* p=0.009 (one-way non-parametric
ANOVA); (B) Lumbar pain results from the VAS* p<0.003 (one-way mixed
ANOVA); (C) Leg pain results from the VAS (one-way repeated ANOVA).
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group measurements was calculated by the one-way repeated
ANOVA test or the one-way mixed ANOVA test (in the case of mis-
sing data) for parametric tests and the non-parametric ANOVA test
for non-parametric values. The correlation between different varia-
bles was performed using Pearson’s correlation test (variables with
normal distribution) and Spearman’s correlation coefficient (variables
with non-parametric distribution). The Shapiro-Wilk and D’Agostino-
-Pearson (omnibus) tests were used to analyze normality, and to be
considered normal, the sample had to pass both normality tests.
A p-value less than 0.05 was adopted to indicate statistical significance.

RESULTS

Twenty-two patients with a mean age of 63 years, 50% of whom
were female, were included in the study. The total number of levels
included was 28 with the number of levels operated per patient
ranging from 1 to 3, while the most often approached level was L4L5
(64% of cases). (Table 1)

The procedures were performed without the occurrence of im-
portant intraoperative complications, with a mean duration of 141.5
minutes and with blood loss less than 117 cc. As regards the sagittal
parameters, the population had a mean pelvic incidence of 59.6°
and mean lumbar lordosis of 48.9°. (Table 2)

The clinical results accessed from the questionnaires showed
improved symptoms. There was a significant improvement both
in physical limitations, represented by the ODI, and back pain,
represented by the VAS (p=0.0083 and p=0.013), respectively.
However, there was no significant difference in the VAS for leg
pain (p=0.1). (Figure 2)

The mean CSA increased from a preoperative value of 126.5 mm
to 174.3 mm in the postoperative period, a mean gain of 77.55%
(p<0.001, t test). (Figure 3A) The mean ADH increased from 9.4 mm
in the preoperative period to 12.8 mm in the postoperative period, for a
mean gain of 56.98% (p=0.003, t test), while the mean PDH increased
from 6.3 mm in the preoperative period to 8.1 mm in the postoperative
period, for a mean gain of 77% (p=0.06, non-parametric Wilcoxon
test). (Figure 3B) The mean RFH increased from 157.3 mm in the
preoperative period to 171.2 mm in the postoperative period (p=0.09,
non-parametric Wilcoxon test), corresponding to a mean gain of 18%,
while the mean LFH increased from 139.3 mm in the preoperative
period to 158.9 mm in the postoperative period, with a mean gain of
38% (p=0.02, t test). (Figure 3C) Mean preoperative segmental lor-
dosis went from 4.6° to 6.7°, corresponding to a gain of 2.1° (p=0.04,
non-parametric Wilcoxon test). (Figure 3D)

Table 1. Patient demographic data.
Variable
Sex (male/female)

Values
11/11
Right - 12 (42%)
Left — 7 (26%)

Not informed - 9 (32%)
L2L3 - 3 (10%)
L3L4 - 7 (26%)
L4L5 - 18 (64%)

Side of approach

Levels operated

Age (mean/£SD) 63 (£11)
1-18 (81%)

Total levels operated 2 -2 (9%)

3 -2 (9%)

Table 2. Results of the sagittal parameters evaluated.
Variable
Pelvic incidence® (SD) [Cl 95%)]
Lumbar lordosis® (SD) [Cl 95%)]
Sacral slope® (SD) [Cl 95%)]
Pelvic version® (SD) [Cl 95%)]
Segmental lordosis® (SD) [Cl 95%)]

Values
59.6 (£5.4) [67.4-61.8]
48.9 (£11.7) [42.4-55.4]
30.2 (£10.1) [24.6-35.8]
25.4 (£3.2) [23.6-27.2]
4.6 (£3.4) [3.2-5.9]

Figures 4A and 4B show the pre- and postoperative radio-
graphic results.

The linear correlation between the variation in the size of
the canal and the following variables was also calculated: gain
in segmental lordosis, gain in left and right foramina, gain in
anterior and posterior disc heights. (Table 3) It was verified that
the canal opening is directly correlated to the pelvic incidence
of the patient and the gain in the height of the left foramen is
inversely correlated to the opening of the central canal, whereas
the other parameters did not demonstrate any correlation with
canal decompression.

DISCUSSION

Studies of LLIF in patients with high pelvic incidence and its
efficiency in achieving indirect neural decompression by means of
disc height restoration are limited. All 22 patients with high pelvic
incidence were treated successfully with LLIF. The effect of indirect
neural decompression was analyzed by comparing the pre- and
postoperative lumbosacral spine MR and radiographic results.

Unlike direct anterior or posterior surgical approaches, lateral
access keeps the anterior and posterior longitudinal ligaments
intact, allowing placement of an implant with a large area of con-
tact with the vertebral plateau, resulting in a biomechanically very
stable construction.®' In addition, it reduces the risk of direct
neural injury, epidural hematoma formation, iatrogenic durotomy,
peridural bleeding, and post-laminectomy instability.!"'? The
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Figure 3. (A) Difference between the area of the central canal. (B) — Difference
between the anterior and posterior heights, (C) — Difference between the right
and left foraminal heights, (D) — Difference between the segmental lordosis,
* indicates p<0.05.
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Figure 4. A. Pre- and postoperative T2-weighted axial magnetic resonance
images. B. Pre- and postoperative T2-weighted sagittal magnetic resonance
images of the right and left foramina.

Table 3. Results of the linear regression analysis.

Pearson’s correlation test Spearman’s correlation test
Variable (n) R? p Variable (n) r P
Pelvic incidence (28) | 0.20 [0.015 | ~ Ganinlumbar | 4 4/ 1 5 46
lordosis (28)
Gain in segmental | 51 | 055 | Pelvic version (28) | 0.15 | 043
lordosis (28)
Gain in anterior disc Gain in left foramen
height (15) 000 | 085 height (15) -0.710.004
Gain in posterior disc Gain in right foramen
height (15) 012 | 0.19 height (15) 0.25 | 0.35

most common complications from LLIF are attributed to injury of
the iliolumbar plexus, hematoma of the psoas, ureter injury, and
intestinal loop injuries.®

This process not only ensures proper grafting, but also allows
uniform distraction of the disc space, which restores disc height and
facilitates reduction of the deformity through ligamentotaxis.” 315

The objective of interbody fusion and lateral access techniques
is to preserve the load-bearing capacity of the spine, restore coro-
nal and sagittal alignment,'®'8 restore disc height, disc space, and
foraminal dimensions,5”1%2° and use compression and stability to
increase the probability of fusion.2!23

Remember that, from the biomechanical perspective, 80% of
compression torsion, and shear forces are transmitted through the
anterior spine.?*?°> One of the advantages of LLIF in relation to pos-
terolateral accesses (posterior lumbar interbody fusion (PLIF) and
transforaminal lumbar interbody fusion (TLIF)) is the large area that
the LLIF spacer has for bone growth. The spacer and the graft are
positioned in front of the instantaneous rotation access and are
exposed to compression instead of forces of traction, creating a
favorable environment for stabilization and bone consolidation.?627
Thus fusion rates following interbody fusion are considerably higher
than those following posterolateral fusion,?®32 in that the rates of
pseudarthrosis after posterolateral fusion hover around 20%.33%* The
fusion rate of the series in the present study is similar to that found
in other studies, ranging from 90 to 100%.%:3

Relief from neurogenic pain after LLIF corroborates the hypothesis
that the technique is able to achieve the indirect decompression

53

necessary to treat central and/or lateral stenosis (Figure 5), preven-
ting the need for direct resection of the posterior elements and, with
this, the associated morbidities. However, indirect decompression
may be limited in cases of congenital stenosis and/or facet ankylo-
sis.” Its effect may also be reduced by the sinking of the implant 837

It was perceived that patients with high pelvic incidence have a
better profile for the effect of interbody distraction. It was also ob-
served that the degree and the stiffness of the adult spinal deformity
can limit the effects of ligamentotaxis, which is critical for indirect
neural compression by LLIF

This study also showed that the influence of the gain in canal
decompression in patients with high pelvic incidence varies in cases
of patients with greater segmental lordosis and greater anterior disc
height. Therefore, indirect neural decompression is not limited by
the severity of the spinal stenosis and should be considered as an
alternative to conventional direct neural decompression.

The effect of LLIF indirect neural decompression was greater
in disc levels L2-L.3 and L3-L4 than in the other levels. This can be
explained by the limitations in approaching the disc and, mainly, the
insertion of the cage without causing any damage to the terminal
plate, which can lead to unsatisfactory positioning of the cage and
even to the sinking of the cage. It is important to remember that,
being patients with high pelvic incidence, those who have a high
iliac crest may present a certain degree of technical difficulty in the
access to level L4-L5.

A B c D

Figure 5. Concept and case of indirect decompression in sagittal and axial views.
(A) and (C) — Axial view of the reduction of disc space with central and foraminal
stenosis; (B) and (D) — Axial view of the interbody implant with restoration of
the disc space and ligamentotaxis, causing indirect decompression; (E) and
(G) — Sagittal view of the reduction of the disc space with central and foraminal
stenosis; (F) and (H) — Sagittal view of the interbody implant with restoration of
the disc space and ligamentotaxis, causing indirect decompression.

CONCLUSIONS

The effect of indirect neural decompression using the LLIF tech-
nique in patients with high pelvic incidence varies with the degree of
segmental lumbar lordosis and anterior disc height.

Despite optimistic results, the need for more studies with greater
numbers of patients, as well as prospective, randomized studies,
is understood.

Nevertheless, this technique has the potential to control and
correct adult spinal deformity misalignment, proving to be safe and
effective to achieve thoracolumbar arthrodesis and promote de-
compression of the neural elements. However, in cases where there
are persistent symptoms of neurogenic claudication or leg pain,
posterior decompression should be performed.

All authors declare no potential conflict of interest related to
this article.
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