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Abstract

Background: Neurologic claudication (NC) is one of the most common clinical symptoms in patients with
spinal canal stenosis. The patient feels pain and paresthesia in his lower extremity during walking that is
relieved by stooping ahead. Sagittal balance of spine is one of the most important factors in treating patients
with spinal stenosis. The study was conducted to determine if neurogenic claudication has any effect on spinal
sagittal balance in patients with lumbar canal stenosis.

Methods: In this study we analyzed 47 patients with lumbar canal stenosis and divided them into two groups
based on the presence or absence of neurogenic intermittent claudication. We put those patients without
intermittent claudication in groupl (n=26; mean age: 48.3) and those who have intermittent claudication in
group2 (n=21; mean age: 53.3). All patients had standing radiography of spine from C1 to S5 and sagittal C7
plumb line and distance between it and posterior superior corner of S1, kyphosis of thoracic spine and lordosis
of lumbar spine were measured.

Results: Sagittal plumb line in group 2 was more anterior than groupl patients (+1mm vs. +24mm), although
it was not significant (p=0.063). However, thoracic kyphosis (42.4 vs. 51.2; p=0.003) and lumbar lordosis (27.9
vs. 43.8; p=0.00) were significantly lower in group 2.

Conclusion: Patients with intermittent neurogenic claudication had forward posture to relief their symptoms
but they tried to maintain total sagittal balance as normal as possible by straightening thoracic spine.
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Adult degenerative spinal stenosis is a
common spinal disorder that usually begins
with degeneration of intervertebral disc
which decreases intervertebral space and
leads to instability of spine segment motion.
As consequence of instability, facet joints
suffer more loads and may cause
degenerative changes such as bony and
capsular  hypertrophy with result of
narrowing spinal canal. Ligamentum flavum
hypertrophy is another sequel of instability
which could contribute to stenosis of the
spinal canal and neural elements. Spinal
stenosis present with a variety of symptoms
and one of the most common is intermittent
neurogenic claudication (1-3).The exact
pathogenesis of claudication has not been
fully understood yet, but it has become clear
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that mechanical and biochemical factors
play a major role. These patients have pain
and paresthesia in their lower extremity that
become worse by walking (2,3). Patients try
to stoop ahead in order to relieve their pain
and this posture can affect sagittal balance
of the spine. Sagittal balance is defined as
the relationship of the head and neck to the
sacrum when the patient is standing. For
measuring sagittal balance, a vertical plumb
line is drown from center of C7 vertebral
body as sagittal vertical axis that usually
passes through posterior superior corner of
first sacral vertebra (4). Negative value
means that sagittal vertical axis passes
posterior to posterior superior corner of S1
and positive value means that sagittal
vertical axis passes anterior to the corner
(4). Neutral or slightly negative sagittal
balance is the desired sagittal alignment (5).
Sagittal alignment of spine is one of the
most important factors in management of
this kind of disease specially when surgical
fusion is planed (1,2,5-7). Therefore,
identification of this entity and related
influencing factors are important. These
factors include pelvic (6,8-13) and spinal
parameters (8,9, 14, 12,15). Pelvic
parameters have been investigated in many
studies (6,16) but there are a few appeared

articles about spinal stenosis as an
important spinal parameter that can
influence  sagittal balance (14). We

performed this study to determine alterations
in sagittal balance in patients with lumbar
canal stenosis.

Methods

The study was approved by institutional
review board. We conducted a prospective
study on all patients who referred to spine
clinic of Shafa Orthopedic Hospital for any
kind of low back pain during 1 October
2010 to 1 March 2011. We excluded
patients without written consent, with any
deformity in their spines such as scoliosis or
kyphosis, any old fractures or deformities in
spinal column or pelvis or lower extremities
such as neglected or treated hip dysplasia,
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any limb length discrepancies, and any kind
of spondylolysis and spondylolysthesis. To
confirm the diagnosis we requested MRI for
patients and then standing posteroanterior
and lateral radiography from C1 to S5 was
obtained. Finally, we had 47 patients that
were divided into two groups including:

Groupl. Patients without intermittent
neurogenic claudication who had low back
pain that might radiate along the lower
extremities and aggravated by sitting or
heavy working or bending. Nonetheless they
showed high tolerance during walking.

Group 2. Patients with intermittent
neurogenic claudication who could not
tolerate walking. After a few minutes of
walking they must stand with stoop posture
or sit for some time to relieve symptoms and
again start walking. This process might be
repeated several times in one walking
episode.

In lateral radiographies initially we drew
sagittal plumb line and measured the
distance between this line and posterior
superior corner of S1 vertebra in millimeters
as sagittal vertical axis. The distal reference
point for measuring this sagittal vertical axis
1s different in various studies (4). Old
references select anterior superior corner of
S1 for measuring this axis because this
corner is the most detectable landmark of S1
vertebra in lateral radiography (15). Recent
studies prefer to select posterior superior
corner because it is the location that the
normal vertical axis passes through (4,14).
We decided to use posterior superior corner
for distal reference point. If vertical plumb
line lied anterior to posterior superior corner
of S1, sagittal vertical axis was identified as
positive number and if it lied posterior to the
corner, it was identified as negative number
as described by Jackson et al (8). Then, we
measured kyphosis of thoracic spine and
lordosis of lumbar spine according to the
Cobb method (17).

Data analysis was performed using SPSS
versionl8 and independent sample t-test and
Mann-Whitney U test.
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Results

In groupl we had 26 patients (9 men and
17 women) with mean age of 48.3 years (18-
65 years). The mean sagittal balance in this
group was +1+41.4 mm (-64 to +96 mm),
the mean kyphosis of thoracic spine
51.2°49.3° (37° - 68°) and the mean lordosis
of lumbar spine 43°+ 7.5° (20° - 50°).

In group 2 we had 21 patients (6 men and
15 women) with mean age of 53.3 years (28-
71 years). Their mean sagittal balance was
+24 + 40.7 mm (-48 to +95), mean thoracic
kyphosis 42.4°+ 9.7° (27° -65°) and mean
lumbar lordosis 27.9 £ 9.7 mm (0 - 48 mm).
The mean duration of claudication in this
group was 253 =+ 8.7 months (12-38
months).

There was no significant difference in age
between the two groups (p=0.632).
Kyphosis of the thoracic spine in group 2
was significantly smaller than groupl
(p=0.003). The lordosis of the lumbar spine
was significantly smaller in group 2
(p=0.00). However, the sagittal vertical axis
between the two groups was of marginal
significance (p=0.063).

Discussion

One of the most important topics in spine
surgery is biomechanics of spinal column
and alignment of the spine which plays the
most important role in this topic. From
anteroposterior view, spinal column is a
straight column but in lateral view, it has
lordotic and kyphotic curvatures (15). The
cervical spine has lordosis and below it, the
thoracic spine has kyphosis and then lumbar
spine has lordosis and sacrum has kyphosis.
The normal alignment of spine in sagittal
plane is in order that the gravity line passes
from odontoid process of C2 vertebra and
then behind the cervical spine (because of its
lordotic configuration) and then passes
through the center of the body of C7
vertebra and then from anterior of thoracic
spine and posterior of lumbar spine and
finally it passes from posterior superior
corner of S1 vertebra that is also a part of
pelvis. For clinical purpose because C2
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vertebra usually is not seen in routine
standing lateral view, the sagittal vertical
axis is drown as a vertical line from center
of the body of C7 vertebra (8,4,14,13).
Hence, alteration in sagittal vertical
alignment of the spine may result from
alteration of lordosis and kyphosis of spinal
column or alteration in sacrum and other
pelvic parameters. Because normal sagittal
balance of spine is essential for normal
biomechanics of spine, any change in one
part must compensate to restore normal
alignment and biomechanics (18).

Although the exact mechanism of
neurogenic intermittent claudication in
spinal stenosis has not been fully
understood, contribution of both
inflammatory and mechanical factors is
suggested. These factors could be

mechanical pressure on spinal cord and
nerve roots by degenerated and bulged
intervertebral disc anteriorly and
hypertrophied facet joints and ligamentum
flavum posteriorly (3). With extension of the
spinal column, this ligament buckles into the
spinal canal and exert more pressure. Thus,
patients with spinal stenosis tend to stoop or
forward bending posture to stretch the
ligament and eliminate this extra pressure
(3). This forward posture cause decrease
lordosis of the lumbar spine and anterior
displacement of sagittal vertical axis. Thus
the body tries to restore sagittal balance with
variety of mechanism such as decrease
kyphosis of thoracic spine.

Our study depicts that in patients with
lumbar canal stenosis and neurogenic
claudication, lumbar lordosis and thoracic
kyphosis decrease significantly  in
comparison to nonclaudicant group but
sagittal balance shows no significant
difference. Suzuki et al (14) performed
similar study on sagittal balance of patients
suffering from spinal stenosis and
emphasized pelvic parameters and lumbar
lordosis. They concluded that in claudicant
patients, sagittal vertical axis has significant
difference with nonclaudicant group but
they did not consider the kyphosis of
thoracic spine as a significant parameter in
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sagittal balance (14). This difference partly
may be due to small number of subjects in
our study. The mean duration of
claudication in our patients in claudicant
group was 25.3 months but Suzuki et al (14)
in their study did not notice duration of
claudication their patients. This difference
partly may be due to ethnic aspect reported
in several studies as effective factor in spinal
disorders (18- 20).

The relatively small sample size was the
study limitation. Review of the literature
revealed that more prospective studies with
larger samples should be designed to clarify
exact relationship between above mentioned
parameters in patients with lumbar canal
stenosis.

Conclusion

This study indicated that the patients with
spinal canal stenosis and neurogenic
intermittent claudication try to remove
pressure on neural elements by decreasing
lordosis of lumbar spine but the torso spares
much effort to maintain overall spinal
sagittal balance as near normal as possible.
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