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ABSTRACT

Obijective: To examine the relationship between sagittal balance parameters and different symptoms of spinal disease in patients with lum-
bar canal stenosis (LCS) and controls. Methods: In this prospective, diagnostic, case-control study, we included all patients consecutively
admitted to a public teaching hospital for surgical treatment of LCS between July 2010 and October 2011, aged more than 40 years, with
back pain plus radiculopathy or neurogenic claudication, and controls without LCS. Magnetic resonance and x-rays allowed the measure-
ment of sagittal axis parameters. Clinical data, the Oswestry Disability Index and the visual analogue scale of pain were assessed. Results:
23 patients were in the Stenosis group, and 17 were controls. The Stenosis group presented lower values of total lumbopelvic lordosis
and regional lordosis L1, L2 and L3. In LCS patients and back pain, total lumbopelvic and regional lordosis at L1, L2 and L3 were smaller.
Those with stenosis and radiculopathy had higher values of pelvic tilt and lower total lumbopelvic lordosis and regional lordosis in L1 and
L2. In patients with claudication, regional lumbopelvic lordosis in L1 and L2 and the T9 sagittal offset were smaller. All patients with pain
had higher values of thoracic kyphosis, regional lumbopelvic lordosis in L1, lower values for pelvic tilt, sagittal T1 offset, sacro-femoral
distance and overhang compared to patients without pain. Conclusions: This study shows significant correlations between symptoms and
sagittal axis parameters between patients with and without spinal canal stenosis and also in subgroups of the patients with stenosis with
different complaints.
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RESUMO

Objetivos: Examinar a relagdo entre pardmetros do alinhamento sagital e diferentes sintomas de doencas da coluna em pacientes com
estenose do canal lombar (ECL) e controles. Métodos: Neste estudo prospectivo, diagndstico, de caso-controle, foram incluidos todos
0s pacientes consecutivamente internados num hospital universitario publico para tratamento da estenose de canal lombar (ECL) entre
julho de 2010 e outubro de 2011, com mais de 40 anos e dor lombar mais radiculopatia ou claudicagdo neurogénica e controle sem ECL.
Ressonéancia magnética e radiografias permitiram as medidas dos pardmetros do eixo sagital. Foram analisados dados clinicos, indice de
disfungdo de Oswestry e escala visual analégica de dor. Resultados: Vinte e trés pacientes estavam no grupo Estenose e dezessete eram
controles. O grupo Estenose apresentou menores valores de lordose lombopélvica total e lordose regional em L1, L2 e L3. Em pacientes
com ECL e dor lombar, a lordose total lombopélvica e a lordose regional em L1, L2 e L3 eram menores. Naqueles com estenose e radiculo-
patia, houve valores maiores de desvio pélvico e lordose lombopélvica total e lordose regional em L1 e L2. Em pacientes com claudicag&o,
lordose lombopélvica regional e compensagao (offset) sagital em T9 foram menores. Todos os pacientes com dor tinham valores maiores
de cifose toracica, lordose lombopélvica regional em L1, menores valores de desvio pélvico, offset sagital em T1, distancia sacro-femoral e
protuberancia comparados com pacientes sem dor. Conclusées: O estudo mostra correlagées significativas entre sintomas e pardmetros
do eixo sagital entre pacientes com e sem ECL e também em subgrupos de pacientes com estenose e diferentes queixas.

Descritores: Coluna vertebral; Estenose espinal; Dor nas costas; Dor lombar; Imagem por ressonancia magnética.

RESUMEN

Objetivo: Analizar la relacién entre los parametros del equilibrio sagital y los diversos sintomas de enfermedad espinal en pacientes con
estenosis del canal lumbar (ECL) y sus controles. Métodos: En esta perspectiva, de estudio de diagndstico, de control de casos, incluimos
a todos los pacientes admitidos, consecutivamente, a un hospital universitario publico para tratamiento quirdrgico de ECL, desde julio de
2010 hasta octubre de 2011, con mas de 40 afnos de edad, con dolor de espaldas mas radiculopatia o claudicacion neurogénica, y con-
troles sin ECL. La resonancia magnética y los rayos X permitieron hacer la medicion de los parametros del eje sagital. Los datos clinicos, el
Indice de Incapacidad de Oswestry y la escala analoga, visual de dolor fueron evaluados. Resultados: 23 pacientes estuvieron en el grupo
de Estenosis y 17 fueron los controles. El grupo de Estenosis presenté valores mas bajos de lordosis lumbopélvica total y lordosis regional
en L1, L2y L3. En pacientes con ECL y dolores de espaldas, la lordosis lumbopélvica total y la regional, en L1, L2 y L3, fueron mas leves.
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Aquellos pacientes, con estenosis y radiculopatia, tuvieron valores mas altos de inclinacion pélvica y mas leve lordosis lumbopélvica total
y lordosis regional en L1y L2. En pacientes con claudicacion, la lordosis lumbopélvica regional en L1y L2, y la compensacion sagital en
T9 fueron menos pronunciadas. En comparacion con los pacientes que no sentian dolores, todos los pacientes con dolores tenian valores
mas altos de cifosis toracica y de lordosis lumbopélvica regional en L1, valores mas bajos de inclinaciéon pélvica, compensacion sagital en
T1, distancia sacrofemoral y saliente. Conclusiones: Este estudio muestra correlaciones importantes entre sintomas y parametros del eje
sagital referentes a pacientes con y sin estenosis del canal espinal, y también en subgrupos de los pacientes con estenosis que presen-

taron diversas quejas.

Descriptores: Columna vertebral; Estenosis espinal; Dolor de espaldas; Dolor de la regién lumbar; Imagenes por resonancia magnética.

INTRODUCTION

Recent studies support the concept that the analysis of sagittal
alignment of the spine is of fundamental importance in the diagnosis
and therapy of degenerative diseases of the lumbar spine, especially
when there is indication for surgical treatment, with instrumentation
and fusion procedures included'”. Several studies demonstrate the
relationship between measurements of spinal and pelvic alignment
in groups of normal subjects®'! and in groups of patients with
lumbar degenerative disease®'?, with statistically significant results,
but still not clinically significant i.e., with heterogeneous clinical
presentations'®'®, The differences in sagittal alignment between
normal individuals and patients with lumbar degenerative diseases
are not established, and it is not yet clear whether any measurement
or standard value is associated with lumbar diseases'®. The
comparisons between groups of normal subjects and patients with
degenerative lumbar disease (DLD) are conflicting; some studies
showed no significant differences?®, and others did show but with
antagonistic results®'”.

The decrease of the sacral slope, the increase in the pelvic tilt
and the decreased lumbar lordosis in patients with lumbar dege-
nerative disease are findings for which there is greater agreement
in the literature™'8'%. In a recent study of Chaléat-Valayer et al.'®,
with the largest series ever published, a decrease of the sacral
slope and of the pelvic incidence was found in patients with lumbar
degenerative disease.

The etiology of symptoms in patients with lumbar degenerative
disease, such as back pain, radiculopathy and neurogenic claudica-
tion, is multifactorial and one symptom is present in different spinal
diseases, such as disc herniation, lumbar stenosis or spondylolis-
thesis, with different anatomical features and pathophysiology'¢2021,
The difficulties in analyzing the results of previous studies may be
due to the fact that it is possible to observe a symptom such as
back pain, in groups of patients suffering from various degenerative
diseases.

With the aim of better understand and apply the sagittal align-
ment analysis, this study examines the relationship between sagittal
balance parameters and different symptoms of spine disease. To
the best of our knowledge, this is the first time this evaluation is
compared between a control group and group of patients with spinal
canal stenosis, examining the relationships between sub-groups of
patients separated by symptoms.

METHODS

Study design and groups

In this prospective, diagnostic, case-control study, we included
all patients consecutively admitted to a public university hospital for
surgical treatment of lumbar canal stenosis between July 2010 and
October 2011, aged more than 40 years. The diagnosis of lumbar ste-
nosis was confirmed by history, physical examination and a magnetic
resonance imaging (MRI) exam evaluated by at least two surgeons
from the Spine Surgery Service of Hospital das Clinicas, Universidade
Estadual de Campinas (Unicamp). The complaint of all these patients
was back pain plus radiculopathy or neurogenic claudication.

These symptomatic patients with a diagnosed lumbar stenosis
were allocated in the Stenosis Group, and they were asked to indi-
cate someone aged 40 years old or older, without a spine condition

diagnosis, who would agree to participate in the study in the Control
Group. The participants in this Control Group would be examined
and undergo MRI scanning.

Participants with previous spine surgery, diabetes, polyneuro-
pathy, alcoholism, other orthopedic pains and contraindications for
X-rays exposure were excluded from the study.

This study was approved by the Ethics Committee of the Uni-
versidade Estadual de Campinas (protocols 0700.0.146.000-07 and
959-2007) and the data were collected only after the informed con-
sent was obtained from all patients and participants in the control
group.

Data were obtained by taking the history and clinical exami-
nation of all individuals. The symptoms analyzed were: back pain,
radiculopathy and neurogenic claudication, recorded as present
(+) or absent (-). The symptom of claudication among the patients
in the Stenosis group was also recorded as a continuous variable,
registering the maximum distance the patient could walk in meters.

Due to the possibility that an individual could present more than
one complaint, the most important was named as the main com-
plaint, the second as secondary and, when the participant had more
than two symptoms, the classification was “mixed complaint”. Besi-
des clinical examination, participants underwent sensory and motor
neurological tests, application of the Oswestry Disability Index (ODI)
questionnaire, visual analog scale of pain (VAS) and measures of
the lumbar canal area (in mm?2) and of the anteroposterior diameter
(mm) of the canal on MRI.

The assessment of sagittal alignment was performed using pa-
noramic radiographs in the standing position called “clasped”'®.
The subjects were instructed to stand upright with hands crossed
in front of the pubis in lateral incidence (profile) and with the hands
parallel to the body in the anteroposterior incidence. The distance
between the radiographic apparatus and the film was maintained
at 230 cm for all subjects, and the films were 30 x 90 cm, exposing
from the skull base to the proximal femur.

Vertebral parameters

The vertebral parameters included in the analysis were: lumbar
lordosis, thoracic kyphosis, sagittal vertical axis, anteroposterior
listhesis, total lumbopelvic lordosis, regional lumbopelvic lordosis,
sagittal axis in T1, T4 and T9, sagittal T1-L5 slope and sagittal offset
in T1 and T9, which were recorded for this study according to the
methods described below. Anteroposterior listhesis was recorded
as the measure of the horizontal distance (in millimeters) horizontal,
between the vertical line of the posterior wall of the upper vertebra
and the vertical line of the posterior wall of the lower vertebra.

As shown schematically in Figure 1a, T4-T12 thoracic kyphosis®?
was recorded as the angle between the upper plateau of T4 and the
lower plateau of T12, measured based on the Cobb method. Lumbar
lordosis was based on the angle of the upper plateau of S1 to the
upper plateau of L1. Total lumbopelvic lordosis®® was recorded as
the angle between the pelvic radius line (line segment between the
center of femoral rotation and the posterior superior limit of S1) and
the tangent line of the lower plateau of T12 (Figure 1a). Regional
lumbopelvic lordosis® was considered as the angle between the
pelvic radius line and the lines tangent to the upper plateaus each
of the lumbar vertebrae (Figure 1a).

Sagittal axis in T1, T9 and T4?? was recorded as the measure of
the distance between the lines passing through the center of femoral
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rotation and the center of the vertebral bodies T1, T9 and T4 (Figure 1b).
Sagittal offset in T1 and T9%? was the angle between the vertical line and
the plumb line passing between the centroid of T1 and T9 and the center
of femoral rotation (Figure 1b).

Sagittal tilt in T1-L5%% was the angle between the line connecting
the center of the vertebral body of T1 and L5 and the vertical line
(Figure 1c). Sagittal vertical axis (31-C7) or sagittal slope® was taken
as the measure of the horizontal distance between the C7 line and
the vertical line through the upper posterior limit of S1.
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Figure 1. Vertebral measurements in imaging exams in this study. a) Tho-
racic kyphosis, lumbar lordosis (total and regional) and pelvic morphology.
b) Sagittal axis and sagittal offset. ¢) Sagittal tilt.

Pelvic parameters

The pelvic parameters included in this study were the pelvic filt,
the sacral slope, the pelvic incidence, the pelvic morphology, the
sacro-femoral angle, the sacro-femoral distance and the overhang, as
shown schematically in Figure 2 and 3 and described in detail below.

The pelvic incidence?® is defined as the angle between the line
perpendicular to the sacral plateau and the line connecting the mi-
dpoint of the plateau with the sacral center of femoral rotation. This
morphological parameter is considered a constant, independent
of the spatial orientation of the pelvis (Figure 2). The pelvic tilt?®
corresponds to the angle between the line connecting the midpoint
of the sacral plateau to the axis of femoral rotation and the vertical
line. The sacral slope® corresponds to the angle between the line
of the sacral plateau and the horizontal line.

PT

Figure 2. Pelvic angles in imaging exams in this study: sacral slope (SS),
pelvic incidence (Pl) and pelvic tilt (PT).

The pelvic morphology? was considered as the angle between the
pelvic radius line and the line along the upper plateau of S1 (Figure 1a).

The sacral inclination®® was the angle between the vertical line
and the line tangent to the posterior wall of S1 (Figure 3a). The
sacro-femoral angle®* was measured between the line of the upper
plateau of S1 and the proximal femoral shaft axis (Figure 3b). The
sacral-femoral distance® was the distance (in mm) between the
plumb lines passing through the center of femoral rotation and the
sacral promontory (Figure 3c). The overhang® was the horizontal
distance between vertical lines passing through the midpoint of the
sacral plateau and the center of femoral rotation (Figure 3d).

B SFA

/

Figure 3. Sacro-femoral pelvic measurements in imaging exams in this
study: a) sacral inclination; b) sacro-femoral angle (SFA); c) sacro-femoral
distance (SFD) and d) overhang.

STATISTICAL ANALYSIS

Statistical correlations between clinical symptoms and parame-
ters of sagittal alignment were searched between control group and
stenosis group and its subgroups. These subgroups were formed
according to the predominant complaint of patients in the steno-
sis as follows: low back pain subgroup, with the patients with a
predominant complaint of low back pain, radiculopathy subgroup,
claudication subgroup and mixed complaint group. In a second
step, the correlations between clinical symptoms and parameters of
sagittal alignment were searched between the stenosis group as a
whole and the subgroups back pain, radiculopathy and claudication.

For the comparison between Stenosis and Control groups, qualitati-
ve measures were described as absolute and relative frequencies, and
the association between these and the groups was tested using Fisher’s
exact test®®. Quantitative measurements were described according to
the groups as average, standard deviation, median, minimum and ma-
ximum values, and compared using the Mann-Whitney test?®®. To check
the relationship between the radiographic measurements (diameter,
angle and area) and the quantitative clinical measures of the Stenosis
and Control groups, the Spearman correlation was calculated?.

The tests were performed with a significance level of 5% (p < 0.05).
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RESULTS

During the study period, 23 patients were evaluated and inclu-
ded in the Stenosis Group, and 17 as control subjects. In the Steno-
sis group, age ranged from 40 to 78 years (mean 55 years), with 10
women and 13 men. The Control group had the age ranging from 35
to 63 years (mean age of 50.5 years) with 11 females and 6 males.
In this study, the description of symptoms and clinical variables by
group are shown in Table 1. Low back pain as the main complaint
was significantly more frequent in the Stenosis Group (p = 0,005).

The MRI exams showed that the Stenosis group had significantly
lower values in the cross-sectional areas at L3-L4, L4-L5 and L5-
S1 (p < 0.05), smaller diameters of the spinal canal in all lumbar
vertebrae (p = 0.001) and higher values in the Oswestry Disability
Index (p = 0.001) (Table 2).

Table 1. Description of the clinical variables according to the study groups.

Group
. - Total
Variable Category Control Stenosis
n % n % n %
Female " 64. 10 435 21 52.5
Gender
Male 6 353 13 56.5 19 475
Main complaint
) Absent n 786 n 52.4 22 62.9
Low back pain
Present 3 214 10 476 13 371
' Absent 13 929 17 81.0 30 85.7
Radiculopathy
Present 1 Al 4 19.0 5 14.3
o Absent 14 100.0 18 85.7 32 914
Claudication
Present 0 0.0 3 14.3 3 8.6
) Absent 14 100.0 20 95.2 34 971
Deformity
Present 0 0.0 1 48 1 29
) ) Absent 14 100.0 18 85.7 32 914
Mixed complaint
Present 0 0.0 3 14.3 3 8.6
Secondary complaint
) Absent 14 100.0 12 571 26 7.3
Low back pain
Present 0 0.0 9 42.9 9 25.7
! Absent 12 85.7 14 66.7 26 73
Radiculopathy
Present 2 14.3 7 333 9 25.7
. Absent 14 100.0 16 76.2 30 85.7
Claudication
Present 0 0.0 5 238 5 14.3
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Comparing the Stenosis group and the Control group according
to the radiographic data that make up the sagittal alignment, it is
observed that the Stenosis group presents lower values of total
lumbopelvic lordosis (p = 0.006) and regional lordosis L1, L2 and
L3 (p < 0.026). None of the other vertebral and pelvic variables were
significantly different between groups (Table 3).

In patients with stenosis and complaining of back pain, total
lumbopelvic lordosis and the regional lordosis at L1, L2 and L3
are significantly lower (p < 0.05) compared to the Control group.
The patients with stenosis and radiculopathy complaint also have a
higher value of pelvic tilt (p = 0.004) and lower values for total lum-
bopelvic lordosis and regional lordosis in L1 and L2 (p < 0.05) than
the control participants. In patients with stenosis and a complaint
of claudication, regional lumbopelvic lordosis in L1 and L2 and the
T9 sagittal offset (p = 0.045) were smaller than in the control group
(p = 0.050 and 0.029 respectively).

The correlations between the variables of sagittal alignment and
neurogenic claudication show that the thoracic kyphosis (p = 0.005),
lumbar lordosis L1-S1 (p = 0.043) and T9 sagittal offset (p = 0.002)
are directly related, while listhesis in L4-L5 (p = 0.021), T4 sagittal
axis (p = 0.041) and T9 sagittal axis (0.045) are inversely related
(Table 4).

All patients complaining of back pain had higher values of
thoracic kyphosis (p = 0.035), regional lumbopelvic lordosis in L1
(p = 0.028), lower values for pelvic tilt (p = 0.029), sagittal T1 off-
set (p = 0.022), sacro-femoral distance (p = 0.014) and overhang
(p = 0.035) compared to patients without the complaint (Table 5).

In the group Stenosis, patients with radiculopathy were less
prone to have regional lordosis in L2, L3 and L4 (p = 0.047,
p = 0.047 and p = 0.023 respectively).

Patients with complaints of claudication had lower values for
pelvic tilt and overhang than the patients with stenosis without com-
plaints of claudication (p = 0.002 and p = 0.020 respectively), while
the total lumbopelvic lordosis is greater in patients complaining of
claudication (p = 0.007). Patients with mixed complaints had higher
values of T1 (P = 0.014) and T4 sagittal axis (p = 0.023).

An inverse relationship was observed, among all patients in the
stenosis group, between the results of the analogue scale of pain
and the presence of regional lumbopelvic lordosis in L2 and L3
(p < 0.035) (Table 6).

In patients with complaints of radiculopathy, there was an inverse
relationship between pain and lumbar lordosis (p = 0.011), sacral
inclination (p = 0.002), total lumbopelvic lordosis (p = 0.013), sacral
slope (p = 0.007) and regional lumbopelvic lordosis in L1 and L2
(o = 0.010 and p = 0.015 respectively) (Table 6).

Table 2. Correlation between the Oswestry Disability Index and the magnetic resonance imaging measurements according to the study groups and p

values (Spearman’s test).

Variable Control Stenosis o
Mean [Standard deviation| Median | Minimum | Maximum n Mean | Standard deviation| Median | Minimum | Maximum | n
Oswestry (%) 11,80 1788 6 0 68 15 45,59 1739 44 20 68 17 | <0,001
Cross-sectional area
L2 159,50 33,55 150 131 207 4 161,13 48,90 181,5 88 225 16 | 0892
L2-13 180,69 4723 176 17 253 13 141,39 52,84 4 33 232 23 0,060
L34 156,94 41,48 146 91 231 16 1743 39,63 14 36 189 23 | 0,007
L4-L5 161,56 4392 156 103 280 16 93,83 44,99 % 28 192 23 | <0,001
L5-S1 166,94 51,24 1563 92 244 16 118,30 76,11 87 29 316 23 0,01
Canal diameter

L1-L2 15,03 2,01 14,6 10,7 184 16 11,60 2,69 12,2 6,3 16,1 23 | <0,001
L2-13 13,69 1,59 13,95 10,6 15,9 16 10,26 3,10 10,7 43 15 23 | <0,001
L3-L4 12,71 1,66 12,4 10,4 16,9 16 9,24 2,15 92 5,1 13,3 23 | <0,001
L4-15 12,49 1,57 12,5 9,6 15,4 16 8,38 2,99 8,1 4 15,4 23 | <0,001
L5-S1 13,82 2,15 139 9,5 185 16 10,93 2,95 1 5,6 171 23 | 0,002
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Table 3. Description of the magnetic resonance imaging findings according to the spine level and study groups and p values.

Control Stenosis
Variable p
Mean SD Median | Minimum | Maximum n Mean SD Median | Minimum | Maximum n

Coronal imbalance 4,20 5,82 0 0 15 15 15,10 21,35 75 0 78 20 0,122
Thoracic kyphosis (T4-T12)| 40,87 9,83 41 25 59 15 35,30 11,50 385 14 52 20 0,240
Lumbar lordosis (L1S1) | 59,93 10,67 59 48 81 15 48,00 18,17 50 20 80 20 0,064
Sagittal vertical axis (C7S1)|  -2,27 22,33 -5 -35 50 15 8,80 38,08 10 -100 70 20 0,107
Pelvic tilt 13,00 5,57 14 5 25 15 15,65 765 17 5 29 20 0,179
Sacral slope 41,27 10,31 40 26 60 15 36,35 12,53 35 13 67 20 0,202
Sacral inclination angle 45,87 6,50 46 33 54 15 44,05 13,14 44,5 6 63 20 0,805
Pelvic inclination 52,33 14,73 51 29 82 15 50,35 14,82 51 32 80 20 0,610

Anterior-posterior listhesis (mm)

L1-L2 0,34 0,90 0 0 3 15 0,37 1,21 0 0 5 19 0,681
L2-13 0,74 133 0 0 4 15 0,58 1,43 0 0 5 19 0,493
L3-L4 088 1,68 0 0 5 15 1,21 4,60 0 0 20 19 0,302
L4-L5 0,21 0,77 0 0 3 15 1,01 32 0 0 13 19 0,891
1551 0,01 0,02 0 0 0,09 15 0,26 115 0 0 5 19 0,973
Total lumbar-pelvic lordosis| 93,29 718 3 76 102 14 80,47 15,56 83 40 100 19 0,006

Regional lumbar-pelvic lordosis

L1 9371 4,48 92,5 88 103 14 811 13,10 85 55 100 19 0,001
L2 91,43 4,96 90,5 85 98 14 78,00 1746 82 23 100 19 0,002
L3 89,21 12,58 88 7A m 14 76,1 18,14 75 25 110 19 0,026
L4 84,00 19,36 75,5 65 18 14 73,68 22,52 70 30 126 19 0,114
L5 80,14 3321 64 50 132 14 70,95 31,35 61 33 140 19 0,397
Pelvic morphology 63,29 4721 40 14 150 14 4779 38,62 40 8 175 19 0,602
Sagittal axis
T -26,08 | 4693 -36 -86 70 13| -1047 45,15 -10 -83 105 19 0,195
T4 42,08 | 62,55 -67 -115 80 13| -34.1 46,05 -30 -105 75 19 0,426
T9 -43,92 6728 -65 117 79 13| -44,63 4790 -60 93 60 19 0,677

Sagittal offset

T 6,46 331 7 0 10 13 5,00 3,40 5 0 12 19 0,170

79 12,92 2,84 13 9 21 13 8,79 8,19 10 -13 20 19 0,126

Sagittal inclination T1-T5 9,07 5,76 8,5 2 26 14| 989 8,25 7 0 25 19 0,706
Sacro-femoral angle 42,38 2112 42 10 90 13| 52,33 15,25 50 15 78 18 0,082
Sacro-femoral distance 738 16,80 10 32 24 131 12,00 22,27 13 25 60 18 0,622
Overhang 20,50 12,94 20 2 47 14| 2542 1733 25 2 63 19 0,529

Coluna/Columna. 2012; 11(4): 302-9




CORRELATION BETWEEN SYMPTOMS AND SAGITTAL ALIGNMENT PARAMETERS IN PATIENTS WITH LUMBAR CANAL STENOSIS: A CASE-CONTROL STUDY

Table 4. Correlation between the alignment variables, age and claudication.

Correlation Age Claudication
- r 0,064 0124
Coronal imbalance o 0,787 0,602
) ) r 0,257 0,607
Thoracic kyphosis (T4-T12) b 0,274 0,005
‘ ; 178 0457
Lumbar lordosis (L1S1) ) 0,452 0,043
. ) ) r -0,011 0,213
Vertical sagittal axis (C7S1) ) 0.963 0,366
o r 0,018 0,077
Pelvic tilt 0 0,941 0,749
r 0,050 0,090
Sacral slope 0 0.835 0,705
o r 0,094 0,019
Sacral inclination o 0,693 0,935
. r 0,144 0,122
Pelvic inclination D 0,546 0,607
) ) r -0,203 0,170
Total lombopelvic lordosis 0 0.404 0,486
Regional lombopelvic lordosis
0 0 0,257
D 0,345 0,287
P ; 0271 0307
D 0,262 0,202
B r 0,104 0234
D 0,672 0,335
0 r 0,081 0,075
D 0,742 0,759
5 r 0,176 0,051
0 0471 0,837
) r 0,268 0,384
Pelvic morphology D 0,268 0,105
Sagittal axis
T r 0222 0,285
D 0,360 0,238
T r 0,383 -0472
> 0.106 0,041
T9 r 0,442 0,465
D 0,058 0,045
Sagittal offset
T1 r 0177 0,005
D 0,469 0,983
T r 0,495 0,664
D 0,031 0,002
) o r 0,243 0,075
Sagittal inclination T1T5 b 0,316 0,760
; 0.125 0,094
Sacro-femoral angle D 0.621 0,710
) r 0,121 0,066
Sacro-femoral distance D 0.633 0,795
r 0,021 0,037
Overhang D 0,931 0.879
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DISCUSSION

Conflicting results come from studies*?%?7 that try to correlate the
data of the sagittal alignment parameters. Some authors conclude
that no significant differences can be found between controls and
individuals with low back pain®®, and others, such as the study
by Barrey et al.'8, were able to show significant differences. Some
features in these studies could explain the contradiction in their re-
sults: one is the fact that many lumbar spine diseases have similar
symptoms, especially low back pain, which can also be associated
to radiculopathy and claudication. It is difficult to interpret the data
from the evaluation of patients with low back pain with different
degenerative diseases of the spine. Our study, however, examined
only patients with a defined disease: lumbar canal stenosis (LCS),
and these individuals were paired with controls with the same age,
socioeconomic status and origins. Therefore, this is the first time that
the significant differences found in the comparison between patients
and controls can have a possible clinical interpretation.

The present study has shown a significant reduction of total
lumbopelvic lordosis in the group of patients with stenosis and also
in the regional lumbopelvic lordosis, in L1, L2 and L3. These results
are different from those in previous studies'®'®, which compared
the sagittal alignment parameters in patients with low back pain
and healthy controls: in those studies, the patients with pain had
significant reduction of the sacral slope and lumbar lordosis and
a significant increase in the pelvic tilt. However, these findings are
expected in the ageing process and degenerative disease of the
spine and pelvis'"?. The most recent and larger study published'®
has shown a reduction in the sacral slope and in pelvic incidence in
the patients with low back pain. The authors explained the reduction
in the pelvic tilt through the compensation mechanism of pelvic
retroversion. We did not observe this: our study has not shown a
reduction in the sacral slope or increase in pelvic tilt in the Stenosis
group. The data suggest that patients with stenosis have a signifi-
cantly reduced lordosis, but they do not present pelvic retroversion
as a compensation mechanism.

When we divided the Stenosis group in three, according to the
predominance of symptoms (low back pain, radiculopathy and clau-
dication) and compared each of these subgroups with the control
group, we could observe that the reduction in lumbar lordosis was

Table 5. Sagittal alignment variables according to the presence of low back pain in patients with lunbar spinal canal stenosis and p values.

Low back pain
Variable Absent Present p
Mean SD Median Minimum | Maximum n Mean SD Median Minimum | Maximum n
Coronal imbalance 16,80 26,87 35 0 78 10 13,40 15,28 13,5 0 50 10 0,684
Thoracic kyphosis (T4-T12) 29,60 10,57 295 14 45 10 41,00 9,76 425 20 52 10 0,035
Lumbar lordosis (L1S1) 43,60 20,57 445 20 75 10 52,40 15,19 50 22 80 10 0,218
Veertical sagittal axis (C7S1) 1,40 4311 95 -100 55 10 16,20 32,89 185 -30 70 10 0,436
Pelvic tilt 19,80 710 20 5 29 10 11,50 591 10 5 20 10 0,029
Sacral slope 36,10 13,22 35 13 60 10 36,60 12,51 35 22 67 10 0971
Sacral inclination 38,60 13,93 41 6 59 10 49,50 10,22 52,5 31 63 10 0,063
Pelvic inclination 54,00 16,73 55,5 32 80 10 46,70 1243 455 32 7 10 0218
Anterior-posterior listhesis (mm)
L1-L2 0,78 1,72 0 0 5 9 0,00 0,00 0 0 0 10 0,447
1213 122 1,92 0 0 5 9 0,00 0,00 0 0 0 10 0,243
L3-L4 033 1,00 0 0 3 9 2,00 6,32 0 0 20 10 1,000
L4-L5 2,12 453 0 0 13 9 0,00 0,00 0 0 0 10 0,243
L5-S1 0.56 1,67 0 0 5 9 0,00 0,00 0 0 0 10 0,720
Total lombopelvic lordosis 7311 1744 78 40 94 9 8710 10,54 88 65 100 10 0,065
Regional lombopelvic lordosis
L1 74,22 13,82 80 55 93 9 8730 9,14 89 65 100 10 0,028
L2 70,78 22,20 73 23 100 9 84,50 853 84 64 95 10 0,113
L3 70,33 23,10 68 25 110 9 81,30 10,99 80 65 96 10 0,113
L4 6767 26,59 67 30 126 9 79,10 1781 725 55 106 10 0,243
L5 62,78 31,60 62 33 140 9 78,30 30,85 60,5 47 130 10 0,497
Pelvic morphology 50,44 4841 43 8 175 9 4540 29,76 40 14 125 10 1,000
Sagittal axis
T -11,00 61,38 -35 83 105 9 -10,00 26,97 -75 42 35 10 0,780
T4 -32,67 55,45 -20 -105 75 9 -35,40 38,78 -30,5 -80 50 10 0,780
79 42,67 54,19 -60 93 54 9 -46,40 44,39 -475 92 60 10 0,842
Sagittal offset

T 6.89 314 6 2 12 9 330 2,75 4 0 8 10 0,022
19 833 972 10 -13 20 9 920 705 95 6 18 10 0,968
Sagittal inclination T1T5 944 598 8 0 20 9 10,30 10,20 7 0 25 10 0,661
Sacro-femoral angle 53,11 18,11 53 15 75 9 51,56 12,85 50 30 78 9 0,605
Sacro-femoral distance 24,89 16,74 18 10 60 9 089 19,98 0 25 35 9 0,014
Qverhang 3533 1756 27 8 63 9 16,50 11,82 10 2 35 10 0,035
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Table 6. Correlation (p values) between the main complaints of patients and
the alignment variables (Mann-Whitney test).

Correlation Radiculopathy |Low back pain*| Claudication| Total
Coronal imbalance r 0,269 0,002 0,312 0,133
|
p 0,484 0,995 0,496 0,599
. . 0,652 0,413 0,171 0,428
Thoracic kyphosis (T4-T12)
p 0,057 0,112 0,713 0,077
) r 0,792 0,064 0,412 0,207
Lumbar lordosis (L1S1)
p 0,011 0,814 0,359 0,410
r 0,127 0,280 0,397 0,145
Vertical sagittal axis (C7S1
al sagitel axs (C751) = 0,746 0,294 0379 | 0565
- r 0,142 0,148 0,255 0,200
Pelvic tilt
p 0,715 0,585 0,581 0,425
r 0,819 0,178 0,655 0,339
Sacral slope
p 0,007 0,509 0,110 0,169
Sacral inclination ! 0878 0115 0487 0286
p 0,002 0,672 0,268 0,250
. ) r 0,621 0,027 0,187 0,113
Pelvic inclination
p 0,074 0,920 0,688 0,656
Anterior-posterior listhesis (mm)
r . -0,591 0,817 0,573
L1-L2
p . 0,016 0,025 0,016
r 0,168 0,565 0,817 0,528
L2-13
p 0,691 0,023 0,025 0,030
r 0,504 0,037 0,535 0,034
L34
p 0,203 0,892 0,216 0,898
r . 0,216 -0,350 0,178
L4-L5
D . 0,422 0,441 0,495
r 0,404 0,535 0,393
551
p . 0,120 0,216 0,119
. ) r 0,819 0,244 0,337 0,378
Total lombopelvic lordosis
p 0,013 0,380 0,460 0,135
Regional lombopelvic lordosis
1 r 0,836 0,230 0,337 0,394
p 0,010 0,409 0,460 0,17
L2 r 0,807 0,444 0,350 0,549
p 0,015 0,097 0,442 0,022
13 r 0,651 -0,395 0,449 0,513
p 0,081 0,145 0,312 0,035
" r 0,261 0,239 0,198 0,357
p 0,533 0,392 0,670 0,160
L5 r 0,297 -0,306 0,281 0,389
p 0,475 0,267 0,542 0,122
Pelvic moroholo r -0,158 0,122 0,028 0,194
phology 0 0,709 0,665 0952 | 0456
Sagittal axis
T r 0,241 0,339 0,730 0,274
p 0,565 0,217 0,063 0,287
T 0,139 0,110 0,000 0,029
p 0,742 0,697 1,000 0,913
9 r 0,157 0,140 0,000 0,002
p 0,71 0,618 1,000 0,994
Sagittal offset
T r 0,118 0,240 0,529 -0,152
p 0,781 0,389 0,222 0,561
- 0,201 0,145 0,264 0,154
p 0,633 0,606 0,567 0,555
T r 0,479 0,186 0,151 -0,140
Sagittal inclination T1T5
p 0,230 0,508 0,746 0,592
Sacrodfemoral andle r 0,556 0,334 0,576 0,462
9 0 0,153 0.224 0176 | 0,082
. r 0,333 0,318 0,655 0,179
Sacro-femoral distance
p 0,420 0,248 0,110 0,493
r 0,229 0,130 0,147 0,233
Overhang
p 0,586 0,645 0,753 0,367

* Pain measured by the visual analogue scale (VAS)

present in all of them, but an increase in the pelvic tilt was seen in the
radiculopathy group and a reduction in the sagittal offset in T9 was seen
in the group with claudication. A possible explanation for the increase in
the pelvic tilt in the radiculopathy subgroup could be indeed the com-
pensation mechanism of pelvic retroversion. Otherwise, the reduction
in the T9 sagittal offset could possibly be explained by a compensation
mechanism of anteriorization of the spine to increase the lumbar canal
area. Patients in our study who walked longer distances had signifi-
cantly higher values of thoracic kyphosis, lumbar lordosis and sagittal
offset in T9 and lower values of sagittal axis in T4 and T9. These data
could reflect a better compensation and a reduced stenosis.

Another interesting finding in our study was that patients with low
back pain had higher values of thoracic kyphosis and lumbopelvic
lordosis in L1, and lower values of pelvic tilt, sagittal offset in T1,
sacral-femoral distance and overhang. There are not studies in the
literature showing these correlations or explaining this phenomenon.
Our results suggest that patients with low back pain present lower
pelvic retroversion and higher thoracic kyphosis than patients in the
Stenosis group without low back pain.

The lower pelvic retroversion could be an explanation to the
lower values of pelvic tilt, overhang and higher total lumbopelvic
lordosis in the group of claudication as well.

A significant reduction in the values of regional lordosis in L3, L4
and L5 was observed in this study in the subgroup of patients with
radiculopathy. There are no studies in the literature reporting this
correlation. A possible explanation would be that, in this subgroup,
the foraminal narrowing would be more important than the lordosis.

The subgroup with mixed complaints has shown an increase in
the values of sagittal axis in T1 and T4. In these patients, there can
be retroversion of the pelvis with a greater distance of the sacrum
to the femoral rotation axis.

The correlation between the visual analogue scale (VAS) and the
sagittal axis parameters in the subgroup with low back pain observed
in our study shows that the higher the value of VAS, the lower are the
values of regional lordosis in L2 and L3. By measuring the lordosis in
different regions, this study opens a new window of investigative oppor-
tunity: the possibility that the lordosis in higher levels of the spine may
have some interference in the symptoms of the lordosis in lower levels.

In the subgroup of patients with radiculopathy, the higher the
value in VAS, the lower were the values in lumbar lordosis in L1-L5,
sacral tilt, total lumbopelvic lordosis and sacral slope. Among our
patients with radiculopathy, the stenosis was mainly lateral, and may-
be this explains why the lordosis in these individuals did not interfere
with pain. However, this assumption requires further investigation.

By searching correlations between the measurements and diffe-
rent clinical symptoms such as pain, radiculopathy and claudication,
our study foresees a possible explanation for the clinical picture of
patients with degenerative diseases of the spine. The association
between imaging and symptomatology allows the treatment to be
planned individually: even for some patients without lordosis, for
example, a simple correction of a lateral stenosis can be enough
in the subgroup with radiculopathy, without the need of osteotomy
for correction of the lordosis. The patients in the Stenosis group in
this study would have the same treatment, with the correction of
total stenosis and lumbar lordosis but, considering the data in each
subgroup, the surgical techniques now can be planned tailored for
each of them: the increase in the pelvic tilt should be corrected only
in the subgroup of radiculopathy and the reduction in the offset in
T9 should be treated only in the subgroup of claudication.

CONCLUSION

This study shows that there are significant correlations between
symptoms and sagittal axis parameters between patients with and
without spinal canal stenosis and also in subgroups of the patients
with stenosis with different complaints, and these can be useful
in clinical practice. New studies on the relationship between the
symptoms and diseases of lumbar spine, with larger samples, are
necessary for better diagnostic evaluation and therapy planning.
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