OricINAL ARTICLE/ARTIGO ORIGINAL/ARTICULO ORIGINAL

FUNCTIONAL DISABILITY, SAGITTAL ALIGNMENT AND PELVIC
BALANCE IN LUMBAR SPONDYLOLISTHESIS

INCAPACIDADE FUNCIONAL, ALINHAMENTO SAGITAL E EQUILIBRIO
PELVICO EM ESPONDILOLISTESE LOMBAR

DISCAPACIDAD FUNCIONAL, ALINEACION SAGITAL Y BALANCE PELVICO
EN ESPONDILOLISTESIS LUMBAR

Luis Mufiiz Luna, Hugo ViLcHis Samano!, Marcos Marsan Herepia!, Enriaue SaLcepo Oviepo!, Juvenal Oroaz', Ana Maria MoraLes’,
Jorae Sawvapor D La Cruz Awvarez!, Jose ANTONIO CaNALES NAJERA!, YADIRA BAHENA SaALGADO!, EDGAR NEGRETE-MUNDO'

1. Hospital de Traumatologia y Ortopedia “Lomas Verdes” of the IMSS (Instituto Mexicano del Seguro Social), High Specialty Medical Unit, Spine Surgery Service, Naucalpan de
Judrez, Mexico.

ABSTRACT

Objectives: To demonstrate the recovery of lumbar sagittal pelvic alignment and sagittal pelvic balance after surgical reduction of lumbar
spondylolisthesis and establish the benefits of the surgery for reduction and fixation of the lumbar spondylolisthesis with 360° circumferential
arthrodesis for 2 surgical approaches by clinical and functional evaluation. Method: Eight patients with lumbar spondylolisthesis treated with
surgical reduction and fixation of listhesis and segmental circumferential fusion with two surgical approaches were reviewed. They were eva-
luated before and after treatment with Oswestry, Visual Analogue for pain and Odom scales, performing radiographic measurement of lumbar
sagittal alignment and pelvic sagittal balance with the technique of pelvic radius. Results: Oswestry scales and EVA reported improvement
of symptoms after treatment in 8 cases; the Odom scale had six outstanding cases reported. The lumbar sagittal alignment presented a
lumbosacral lordosis angle and a lumbopelvic lordosis angle reduced in 4 cases and increased in 4 other cases; pelvic sagittal balance
increased the pelvic angle in 4 cases and decreased in 3 cases and the sacral translation of the hip axis to the promontory increased in 6
cases. Conclusion: The surgical procedure evaluated proved to be useful by modifying the lumbar sagittal alignment and the pelvic balance,
besides reducing the symptoms, enabling the patient to have mobility and movement and the consequent satisfaction with the surgery.
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RESUMO

Objetivos: Demonstrar a recuperacao do alinhamento pélvico sagital lombar e do equilibrio pélvico sagital apds a redugéo e fixagéo cirdr-
gica da espondilolistese lombar e estabelecer os beneficios do procedimento cirdrgico de redugéo e fixagdo da espondilolistese lombar
com artrodese circunferencial 360° por dois acessos cirlrgicos por avaliagdo clinico-funcional. Método: Foram revisados 8 pacientes com
espondilolistese lombar tratados com reducéo cirdrgica e fixagdo da listese e artrodese segmentar circunferencial por dois acessos cirdr-
gicos. Eles foram avaliados antes e apds o tratamento pelas escalas de Oswestry, visual analégica para dor e de Odom, efetuando-se a
medida radiogréfica do alinhamento sagital lombar e do equilibrio pélvico sagital com a técnica do raio pélvico. Resultados: As escalas de
Oswestry e EVA relataram melhora dos sintomas apds o tratamento em 8 casos, a escala de Odom teve 6 casos excelentes relatados. O
alinhamento sagital lombar apresentou éngulo de lordose lombossacral e de lordose lombopélvica reduzidos em 4 casos e aumentados
em 4 restantes; o equilibrio sagital pélvico aumentou o dngulo pélvico em 4 casos e diminuiu em 3 casos e a translagdo sacral do eixo do
quadril até o promontério aumentou em 6 casos. Conclusdo.: O procedimento cirlrgico avaliado comprova sua utilidade ao modificar o
alinhamento sagital lombar e o equilibrio pélvico e ao reduzir os sintomas, possibilitando que o paciente tenha mobilidade e movimento e
a consequente satisfacdo com a cirurgia.

Descritores: Regido lombar; Fusé&o vertebral; Artrodese; Mau alinhamento ésseo, Equilibrio postural.

RESUMEN

Objetivos: Demostrar la recuperacién de la alineacién sagital lumbar y del balance pélvico sagital tras la reduccién quirtrgica de la es-
pondilolistesis lumbar y establecer los beneficios del procedimiento quirdrgico de reduccion y fijacion de la espondilolistesis lumbar con
artrodesis circunferencial de 360° por dos vias de abordaje mediante la evaluacién clinico-funcional. Métodos: Se revisaron 8 pacientes
con espondilolistesis lumbar tratados con reduccion y fijiacién quirdrgica de la listesis y artrodesis circunferencial segmentaria por dos vias
de abordaje. Se evaluaron antes y después del tratamiento con las escalas Oswestry, Visual Analdgica del dolor y Odom, efectuando la
medicion radiografica de la alineacion sagital lumbar y del balance pélvico sagital con la técnica del radio pelviano. Resultados: Las es-
calas de Oswestry y EVA reportaron mejoria de la sintomatologia después del tratamiento en los 8 casos; la escala Odom reporto 6 casos
excelentes. La alineacién sagital lumbar reportd los angulos de lordosis lumbosacra y de lordosis lumbopélvica disminuidos en 4 casos y
aumentados en 4 restantes; el balance pélvico sagital aumenté el angulo pélvico en 4 casos y disminuyé en 3 casos; la traslacién sacra del
gje de las caderas al promontorio aumenté en 6 casos. Conclusién. El procedimiento quirdrgico evaluado demuestra su utilidad al modificar
la alineacion lumbar y el balance pélvico sagital y reducir la sintomatologia, lo que permite la movilidad y el desplazamiento del paciente y
la consecuente satisfaccion con la cirugia.

Descriptores: Regién lumbosacra, Fusién vertebral; Artrodesis; Desviacion dsea; Balance postural.
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FUNCTIONAL DISABILITY, SAGITTAL ALIGNMENT AND PELVIC BALANCE IN LUMBAR SPONDYLOLISTHESIS

INTRODUCTION

The human spine maintains proper balance in the sagittal and
coronal planes in order to minimize the muscular effort required
to maintain an erect posture when standing. The minimum energy
expenditure is achieved by maintaining the center of gravity of the
torso right at the midpoint between the hips in the coronal plane, and
immediately above the imaginary line that connects the center of the
hips in the sagittal plane.'?

Various points of reference have been described in the literature
for the radiological evaluation of sagittal balance, but the reciprocal
relationships between these so-called points of reference vary
greatly among healthy individuals. The degree of lumbar lordosis
and the sagittal rotation of the pelvis around the hip axis is one of
the compensatory mechanisms that maintains balance in the sagittal
plane. The compensatory rotation of the pelvis in the sagittal plane is
described using the pelvic radius technique, which was described by
Jackson et al. in 1994 at North Kansas City Hospital 22

One of the consequences of the variations in sagittal deformities
(spondylolisthesis) is the reduced capacity to use this compensatory
balance mechanism.3910.11

The surgical treatment, performed with arthrodesis in situ and
the use of autologous bone grafts in the transverse apophysis
in patients with varying degrees of slippage, together with
decompression of the spinal canal, has an arthrodesis consolidation
failure rate of 20%. Patients with an angle of displacement due to
slippage of more than 50% develop kyphotic deformity following
posterior approach fusion attempts, so there have been innovations
in alternative surgical procedures to resolve this problem.®1?

Today, the roles played by different fixation techniques and
reduction of vertebral listhesis are not clearly specified in the
literature, but reports of the esthetic benefits following surgery
describe significant improvement after segmental fusions with
reduction of the angle of slippage and improved alignment in
the sagittal plane. At the same time, the increase in radicular
lesions characteristic of instrumented reduction from the posterior
approach is avoided.31"13.14

However, reconstruction of the anterior spine for surgical
treatment of spondylolisthesis is recommended, with varying
outcomes, but with lower incidence of nerve lesions. Recovery of
disk height via posterior and anterior intervertebral lumbar fusion
provides rigidity to the mobile segment being surgically treated.
Today, intervertebral cages are used for this, and they seem to
favor anterior fusion and recovery of the height of the discal
space as part of the reconstruction of the anterior spine; however,
there remains the question of the approach to be used for this
procedure, since there are reports that additional procedures
are necessary.®'114

The natural history of listhesic disease of the lumbar spine
includes changes in mechanical stability that promote mechanisms
of corporal compensation. Once established, they cause structural
disorders of the vertebrae, the nerve roots, and adjacent soft tissue
that translate clinically into lower back pain associated with disabling
radicular neurological deficit with clear evidence of the loss of sagittal
lumbar alignment and of sagittal pelvic balance, which is treatable
using surgical reduction techniques, fixation, and circumferential
arthrodesis to correct the anomalies in the lumbopelvic sagittal plane
resulting in a decrease in symptoms and an improvement in the
quality of life of these patients.'

The objective of this study is to demonstrate the recovery of
sagittal lumbar alignment and sagittal pelvic balance following
surgical reduction of lumbar spondylolisthesis and to define the
benefits of the surgical procedures of reduction and fixation of
lumbar spondylolisthesis and of 360° circumferential arthrodesis
from two approaches.

MATERIAL AND METHODS

This is a prospective, longitudinal, descriptive, and observational
study of a case series approved by the Institutional Review Board.
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We studied eight adult patients with lumbar spondylolisthesis in the
Spine Surgery Service of the U.M.A.E. Hospital de Traumatologia
y Ortopedia “Lomas Verdes”. All the patients signed an informed
consent form. All patients underwent surgical treatment in two stages
with an interval of from 1 to 5 weeks, the first consisting of the
widening of the lumbar spinal canal in the segment narrowed by the
listhesis, reduction of the listhesis, and surgical segmental fixation
with the Universal Spine System (USS) transpedicle system, and
bilateral posterolateral arthrodesis with an autologous bone and
tricalcium phosphate graft. The second surgery consisted of anterior
interbody arthrodesis with a Syncage-L titanium cage and tricalcium
phosphate bone substitute graft. Patients were evaluated pre and
post treatment using the Oswestry Disability Index for lumbar
function,'® the Visual Analog Scale for pain (VAS)," and Odom'’s
Criteria'® for surgical satisfaction, performing the radiographic
evaluation with the pelvic radius to determine the sagittal lumbar
alignment by measuring the pelvic morphology angle (PMA), the
lumbosacral lordosis angle (LSLA), and the lumbopelvic lordosis
angle (LPLA) and the sagittal pelvic balance by measuring the sacral
translation (ST) and the pelvic angle (PA).

RESULTS

The results of the evaluation of the sagittal lumbar alignment was
measured by the PMA, the LSLA, and the LPLA, before and after
surgery are shown in Table 1.

Table 1. Sagittal lumbar alignment.

Pelvic morphology | Lumbosacral lordosis | Lumbopelvic lordosis
i angle (PMA) angle (LSLA) angle (LPLA)
Patient Pre Post Pre Post Pre Post
T12| L1 (T12| L1 (T12| L1 |T12]| L1

Case 1 25° 25° 57° | 56° | 48° | 45° | 82° | 81° | 73° | 70°
Case2| 24° 24° 44° | 42° | 52° | 50° | 68° | 66° | 76° | 74°
Case 3| 25° 25° 42° 1 40° | 46° | 44° | 67° | 65° | 71° | 69°
Case 4| 24° 24° 56° | 54° | 61° | 59° | 80° | 78° | 85° | 83°
Case 5 12° 12° 68° | 66° | 57° | 54° | 80° | 78° | 69° | 66°
Case 6| 38° 38° 52° | 51° [ 57° | 56° | 90° | 89° | 95° | 94°
Case 7| 24° 24° 72° 1 69° | 54° | 53° | 96° | 93° | 78° | 77°
Case 8| 24° 24° 65° | 63° | 62° | 60° | 89° | 87° | 86° | 84°

We observed that the pelvic morphology angle showed no
difference between the pre-and postoperative measurements and
that the lumbosacral and lumbopelvic lordosis decreased in four
cases and increased in 4 cases following the procedure.

Pelvic sagittal balance was measured by the PA, the VP and the
VAPSS1. The results are shown in Table 2 in degrees or millimeters.

Table 2. Sagittal pelvic balance.

Pelvic angle(Sacral promontory|Posterosuperior sacral translation
Patient (PA) translation (VP) angle of S1 (VAPSS1)
Pre | Post Pre Post Pre Post
Case 1| 14° | 19° | 7mm | 15mm 30mm 41mm
Case 2| 34° | 26° | 48mm | 74mm 30mm 64mm
Case 3| 22° | 25° | 31mm | 27mm 57mm 62mm
Case 4| 27° | 28° | 26mm | 28mm 60mm 61mm
Case 5| 46° | 24° | 75mm | 41mm 103mm 58mm
Case 6| 19° | 20° | 10mm | 15mm 46mm 52mm
Case 7| 22° | 22° | 10mm | 27mm 38mm 58mm
Case 8| 23° | 21° | 18mm | 26mm 41mm 57mm

We observed an increase in the pelvic angle in four cases, a
decrease in three cases, and one case that remained consistent
from pre- to postoperative measurements. The sacral translation of
the axis from the hips to the promontory increased in six cases and
decreased in two, while the sacral translation from the axis of the
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hips to the posterosuperior angle of S1 increased in seven cases
and decreased in one.

The results of the Oswestry Disability Index for lumbar function
and the VAS were obtained both pre- and postoperatively and
Odom’s Criteria for postoperative satisfaction with the surgery are
described in Table 3.

Table 3. Evaluation scales.

Patient Oswestry VAS Odom
Pre Post Pre Post
Case 1 35 |70%| 5 |10%| 8 |80%| O 0% |Excellent
Case?2 | 48 |96% | 4 8% | 10 |100%| O 0% |Excellent
Case3 | 29 |58% | 4 8% 9 |90%| O 0% |Excellent
Case4 | 45 |90% | 5 |10% | 10 [100%| O 0% | Good
Case 5 38 | 76% | 3 6% 9 [90%| O 0% |Excellent
Case 6 38 | 76% | 4 8% 9 [90% | 1 10% |[Excellent
Case7 | 45 |90% | 11 |22% | 10 [100%| 2 |20% | Good
Case8 | 37 [74% | 3 6% 9 |90%| O 0% |Excellent

Table 3 shows a considerable decrease in the Oswestry and VAS
scores following the procedure in eight cases, and Odom'’s Criteria
reports six excellent and two good ratings.

DISCUSSION

The pelvic morphology angle remained consistent in the pre-
and postoperative measurements, as reported by Jackson and
colleagues*” and Legate and colleagues.®'°

The parameters of lumbosacral and lumbopelvic lordosis
changed in 100% of the cases following the procedure, 50%
increasing and the other 50% decreasing their values, but it was not
possible the establish any relationship with the change in the pelvic
balance parameter described by Legaye,'® Tebet,"" Lazennec,'
and Videbaek."

We observed modifications in the sagittal lumbar alignment
and the sagittal pelvic balance following the surgical procedure of
reduction and posterior fixation of the listhesis and the reconstruction
of the anterior spine with a titanium cage, although we observed no
correlation between them, as reported by Videbaek and colleagues.'
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