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Abstract

Object: Previous reports have indicated that the level of lumbar spinal canal stenosis (LSCS) often differs from
that diagnosed from neurological symptoms, and L5 nerve roots are often affected by stenosis at the L2-L3 or L3-L4
level; however, few cases have been described.

Decompression surgery for upper lumbar spinal canal stenosis (LSCS) of L2—-L3 and L3-L4 causing L5 and S1
symptoms was investigated.

Methods: Eight patients with a diagnosis based on L5 or S1 symptoms, but whose MRI or CT-myelography
showed only one level of stenosis at L2—L3 or L3-L4 were studied. The level of stenosis was determined by the
most narrowing lesion, such as total or subtotal block on CT-myelography and MRI. Selective nerve root block was
performed to determine which nerve root was the origin of the pain in these patients. One-level decompression
surgery at L2-L3 or L3-L4 was performed in 8 patients.

Results: There were 2 cases of stenosis at L2-L3 and 6 cases at L3-L4. The level involved suggested by
neurological symptoms was L5 in 6 cases and S1 in 2 cases. L5 symptoms were most often affected by L3-L4.
Symptoms in all patients disappeared after one-level decompression surgery.

Conclusions: Degenerative stenosis of upper levels such as L2-3 and L3—4 involved damage in lower nerve
roots such as L5 or S1, and L5 symptoms were most often affected by L3—-L4. Decompression surgery for upper-
level stenosis improved symptoms in all patients. Physicians should be aware that upper-level stenosis can cause
radiculopathy at a lower level.

informed consent was obtained from the participants. From June 2003
to April 2009, a total of 364 patients with LSCS who underwent lumbar
spine surgical treatment were studied. Of the 364 patients, 8 patients
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Introduction

Verbiest described that developmental narrowing of the lumbar
vertebral canal causes radicular syndrome [1]. The neurological
findings tend to be aggravated with severity of the lumbar spinal canal
stenosis (LSCS). Radicular symptoms are usually related to the level of
the responsible lesion; the L5 root is compressed in the L4-L5 space
or foraminal or extraforaminal level of the L5-S1 space. In contrast,
compression in the L3-L4 space affects the L4 root. However, in some
patients the level of stenosis on the image does not correlate with the 13-4
neurological findings. Previous reports have indicated that the level of . . L34 o

K . . Figure 1: An anatomical diagram of the cauda equina within the thecal sac
LSCS often differs from that diagnosed from neurological symptoms, at the L3-L4 intervertebral level. A. The L4 root situated anterolaterally and
and L5 nerve roots were often affected by stenosis at the L1-L2 or L2- the lower roots such as L5 and S1 roots tend to take up a more medial central
L3 level [2-5]. The cauda equina are bundles of nerve roots within the zgfri]!g; CBau Qals'f;’gtrses‘ij%?gf?io[‘;;r:geszh?:(ilssac at the L3-L4 level may
thecal sac and at the L3-L4 intervertebral level, the L4 root is situated i
anterolaterally and the lower roots such as L5 and S1 roots tend to
take up a more medial central position (Figure 1A) [6,7]. According

to the specific anatomical structure of the lumbar thecal sac, a severe
compression of the thecal sac at the L3-L4 level may damage the caudal
roots such as the L5 and S1 roots (Figure 1B). The purpose of this study
was to perform one-level decompression for patients whose nerve
root symptoms indicated L5 or SI involvement, but whose magnetic
resonance imaging (MRI) or computed tomographic (CT) myelograms
indicated only L2-L3 or L3-L4 stenosis.

Materials and Methods
Inclusion and exclusion criteria

This study was approved by our Institutional Ethics Committee and
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(6 men, 2 women, average age 59.6 years) with a diagnosis based on
symptoms of L5 or S1, but whose MRI and CT-myelography showed
only one level of stenosis at L2-L3 or L3-L4 were suitable for inclusion
in this study. The patient exclusion criteria were follows: (1) those that
had stenosis at other levels, (2) those that had foraminal stenosis, (3)
those that had lumbar spine surgery before this study, and (4) those
that had transitional vertebra. The level of neurological disturbance
was determined by neurological examinations and included deficit of
the musculature, hypoesthesia, leg pain, osteotendious reflexes. The
sensory disturbance was evaluated using a dermatome described by
Keegan [8]. Quadriceps muscle weakness was found because of both L3
and L4 radiculopathies, extensor hallucis longus weakness because of L5
radiculopathy, and flexor hallucis longus and gastrocnemius weakness
because of S1 radiculopathy [9]. The level of stenosis on the image
was determined by the most narrowing lesion such as total block or
subtotal block on the CT-myelography and MRI. Selective nerve-root
block with lidocaine (1%, 1 ml) was performed to ultimately determine
which nerve root was the origin of the pain in these patients. L3, L4,
L5, and S1 root blocks were performed in cases of L2-L3 stenosis,
while L4, L5, and S1 root blocks were used in cases of L3-L4 stenosis.
The patients were blinded with regard to each of the blocks, which
were performed on different days. The selective nerve-root block was
defined as effective when leg pain VAS score was reduced more than
60% by the block. One-level decompression surgery at L2-L3 or L3-L4
was performed in 8 patients. The diagnoses and surgical treatment of
patients were performed by five trained spine surgeons.

CT-myelography protocol

All subjects underwent CT-myelography (Aquilion 64, Toshiba
Medical, Tochigi, Japan) with a tube voltage of 120 kV, tube current
of 450 mA (CT-AEC), 0.5 s/rotation and helical pitch of 0.83. Ten
milliliters of contrast medium (iohexol: 240 mg/ml, Tokyo, Japan) was
injected into the subarachnoid space before scanning. The patients were
rolled to ensure that the contrast medium was completely distributed.

MRI protocol

A 1.5-T MRI scanner (Philips Medical systems) was used in this
study. Sagittal T1-weighted (TR/TE, 400/14), axial and sagittal T2-
weighted fast spin-echo (TR/TE, 4000/102) sequences were obtained
using a 256 x 256 matrix, 260 mm field of view (FOV), and 3/1 mm
slice thickness/gap.

Evaluation of physical examinations and patient pain scores

The level of stenosis, presence of spondylolisthesis, level of
neurological disturbance detected by selective nerve root block,
distance of intermittent claudication (IMC), straight-leg-raising (SLR),
femoral-nerve-stretch test (FNST), and the deficit of the musculature
were investigated. Clinical results were assessed using the visual
analogue scale (VAS) score of low-back pain (LBP), leg pain from 100
(extreme amount of pain) to zero (no pain), and Japanese Orthopedic
Association (JOA) scoring system (Table 1). The normal score is 29
points, based on 3 subjective symptoms (9 points), 3 clinical signs
including straight-leg raising (6 points), and 7 activities of daily living
(14 points). The clinical evaluations were conducted before surgery and
at 12 months after surgery.

Results

Table 2 shows a summary of the levels of stenosis, physical
examinations, and clinical results. There were 2 cases of stenosis at

L2-L3 and 6 cases at L3-L4. There were 5 cases of subtotal block and
3 cases of total block on CT-myelography. The level on the basis of
neurological symptoms was L5 in 6 cases and S1 in 2 cases. L5 or S1
root blocks of the responsible lesion reduced leg pain effectively, but

Subjective symptoms Score
(Maximum
9 points)
Low-back pain
None 3
Occasional mild pain 2
Frequent mild or occasional severe pain 1
Frequent or continuous severe pain 0
Leg pain or tingling
None 3
Occasional slight symptoms 2
Frequent slight or occasional symptoms 1
Frequent or continuous severe symptoms 0
Gait
Normal 3
Able to walk farther than 500 m although resulting in pain, P
tingling, or muscle weakness
Unable to walk farther than 500 m because of leg pain, 1
tingling, or muscle weakness
Unable to walk farther than 100 m because of leg pain, 0
tingling, or muscle weakness
e . (Maximum
Clinical signs 6 points)
Straight-leg-raising (including tight hamstrings)
Normal 2
30°to 70° 1
Less than 30° 0
Sensory disturbance
None 2
Slight disturbance (not subjective) 1
Marked disturbance 0
Motor disturbance (MRC grade)
None (5) 2
Slight disturbance (4) 1
Marked disturbance (3 to 0) 0
. R (Maximum
Activities of daily living 14 points)
Restrictions
Severe
Moderate None
Turning over while lying 01 2
Standing 01 2
Washing 01 2
Leaning forward 01 2
Sitting (about 1 hour) 01 2
Lifting or holding heavy objects 01 2
Walking 01 2
. . (Maximum
Urinary bladder function 26 points)
Normal 0
Mild dysuria -3
Severe dysuria -6

Table 1: Japanese Orthopaedic Association (JOA) Scoring System for Assessment
of Low-Back Pain.
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Level of Spondyl- | Neurological Motor Surgical JOA JOA VAS (Pre) | VAS (Post)

No. | Age(y) Gender stenosis olisthesis | disturbance IMC(m) SLR FNST deficit method (Pre)  (Post) LBP ;I)-:i?] LBP ;I)-:i?]
1 48 F L3/4 | subtotal + L5 Bil 100 + - EHL ALIF 4 11 60 90 20 50
2 46 M L2/3 | subtotal - L5 Bil - + - - ALIF 15 26 60 65 20 20
3 68 M L3/4 | subtotal + S1 Bl 700 - - EHL PLF 19 27 50 75 30 10
4 55 F L3/4 | total + L5 Bil 10 + + | TA,EHL ALIF 9 26 60 95 20 10
5 68 M L3/4 | subtotal + L5 Lt 500 - - - PLF 17 25 20 85 10 0
6 73 M L3/4 | total + L5 Lt 50 - - EHL PLF 9 24 50 92 30 10
7 57 M L2/3 | subtotal - L5 Lt 500 - - EHL  laminectomy 10 25 70 90 10 0
8 62 M L3/4 | total + S1 Bil 100 - - - TILF 9 25 50 85 20 25

Mean | 59.6 75% 280 (37% 12% 60% 115 | 236 | 525 | 846 20 | 156

Table 2:

L3 or L4 root blocks did not. L5 symptoms were most often affected
by L3-L4. Plain radiographs showed 6 cases (75% of 8 patients) of
spondylolisthesis. Physical examinations revealed that the mean
distance for intermittent claudication was 280 m, a positive SLR test
greater than 70° in 3 cases (37%), a positive FNST test in one case (12%),
and motor weakness (4 cases of extensor hallucis longus and one case
of tibialis anterior and extensor hallucis longs) in 5 cases (60%). One
anterior lumbar interbody fusion (ALIF) and one laminectomy were
performed for L2-L3. Three posterolateral fusions (PLFs), 2 ALIFs, and
one transforaminal lumbar interbody fusion (TLIF) were performed
for L3-L4. LBP VAS score was improved from 52.5 points to 20 points,
leg pain VAS score from 84.6 points to 15.6 points, and JOA score from
11.5 points to 23.6 points after surgery.

Case presentation

A 68-year-old man (case 5 in Table 2) experienced a sudden onset
of low-back pain and left calf pain in the fifth lumbar dermatome
after heavy lifting. His pain and numbness worsened and he had
claudication of 500 m after beginning ambulation for 2 months before
being admitted to our hospital. Physical examination showed no motor
weakness or hypoesthesia of his lower extremities bilaterally. An SLR
test and FNST were normal. His lower extremity reflexes were normal.
A rectal examination was normal. The laboratory findings were normal.
The plain radiographs showed spondylolisthesis with 20% anterior slip
of the third lumbar vertebra. Myelograms showed subtotal block at L3-
L4. CT-myelography and MRI showed severe stenosis at L3-14, but no
stenosis at L4-L5 or L5-S1 (Figure 2). Selective fifth nerve root block,
performed using 1 ml of 1% lidocaine, relieved the pain in the left calf,
but a fourth nerve root block did not.

The patient continued to suffer pain in spite of treatment, so a L3-
L4 laminotomy and posterolateral fusion were performed (Figure 3B).
A thickened ligamentum flavum that compressed the dural sac on the
left dorsal side was extracted (Figure 3A). At the end of the procedure,
the dural sac was unobstructed and the L4 roots were not compressed.

The postoperative evaluation of the patient was satisfactory. His
JOA score was improved from 17 points to 25 points, LBP VAS score
from 20 points to 10 points, and leg pain VAS score from 85 points to
0 points. One year later, he was free of symptoms.

Discussion

Radicular symptoms are usually related to the level of the
responsible lesion; L5 roots are compressed in the L4-L5 space or

Figure 2: A 68-year-old man with low-back pain and L5 radiculopathy at his left
calf. A. Sagittal myelogram showing subtotal block at L3-L4. B. Sagittal MRI
showing severe stenosis at L3-L4, but no stenosis at L4-L5 or L5-S1. C-D.
Axial CT-myelography showing severe stenosis at L3-L4, but no stenosis at
L4-L5 or L5-S1.

Figure 3: Only L3-L4 laminotomy and posterolateral fusion were performed. A.

A thick ligamentum flavum that compressed the dural sac on the left dorsal side

was extracted. The arrow and dotted line circle indicate the thick ligamentum

flavum. Arrowheads show the dural sac. B. At the end of the procedure, the

dural sac was unobstructed and the L4 roots were not compressed. The
arrowhead shows the dural sac.

foraminal or extraforaminal level of the L5-S1 space producing calf
pain or paresthesia in the root-dependent area or extensor hallucis
longus weakness or a positive straight-leg-raising test. In contrast,
compression of the L2-L3 and L3-L4 spaces affects the L3 and L4
roots, producing anterior thigh pain, quadriceps muscle weakness, or
a positive femoral-nerve-stretch test or weakness of the patella reflex.
However, reports of previous studies [2-5] indicated that L5 nerve
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roots were often affected by stenosis at the L1-L2 or L2-L3 levels.
If the level of LSCS differs from that diagnosed from neurological
symptoms, it is difficult to determine which spaces are producing the
clinical symptoms and should be decompressed. Compression at the
thoracolumbar level or at the first or second lumbar level produces
complex symptoms because of the proximity of the medullary epicone
and cone and cauda equina, although mostly the level of L1-L2 was
more cranial than the level of L2-L3 and L3-14 in our study.

We showed that the LSCS of a single upper level such as L2-L3
and L3-14 involved damage to a lower nerve root such as L5 or S1.
Decompression and fusion surgery for upper-level stenosis improved
symptoms in all patients. In this study, no stenosis other than that
at upper spaces existed; however, if there was stenosis at a lower
space or foraminal stenosis, it was difficult to determine which levels
produced the clinical symptoms. MRI in asymptomatic individuals
may show false positive findings. An evaluation by Boden et al. [10]
found that 57% of asymptomatic subjects who were over 60 years of
age were found to have abnormal findings. Many imaging techniques,
including plain radiography, CT, myelograms, CT myelograms, MRI,
and selective nerve root block have been needed to diagnose the level
responsible for the clinical symptoms.

Olmarker et al. [11] reported that impairment of impulse
propagation in pig cauda equina was proportional to the pressure of
applied compression, that double-level compression induced more
pronounced effects on nerve propagation than single-level compression
[12], and that edema and demyelination in spinal nerve roots were more
pronounced after rapid than after slow onset of compression [13,14].
Sato et al. [15] demonstrated that the cauda equina and L5 nerve roots
were more often affected than the L4 nerve roots in patients with a
two-level stenosis. These results indicated that severe LSCS induced
more pronounced damage of cauda equina nerve roots and multi-level
stenosis induced more severe damage in lower nerve roots compared
with single-level stenosis.

Several explanations could account for the stenosis of an upper
level being involved in damage to a lower nerve root. Firstly, severe
upper-level stenosis may affect the entire lower cauda equina as
described in the introduction. Second, in Porter’s hypothesis [16], a
two-level central canal stenosis causes venous congestion and pooling
between the two levels of compression, which leads to an inadequate
oxygen supply in the nerve roots of the cauda equina. Moreover,
on myeloscopic examination, the diameters of vessels of the cauda
equina have shown significant changes in patients in accordance with
postural alteration [17]. Govind [18] reported that radicular pain is
caused by a mass effect: the combination of mechanical stimulation,
inflammation, and ischemic damage resulting from intraneural edema
and demyelination has the potential to generate ectopic impulses from
the affected nerve. The venous congestion of cauda equina by upper-
level compression may damage the lower nerve roots including the
dorsal root ganglia and cause radiculopathy at a lower level. Third,
because both L3 and L4 nerve roots control the quadriceps, quadriceps
muscle weakness does not tend to occur because of L3 or L4 mono-
radiculopathy, but the L5 nerve root controls single muscles such as the
extensor hallucis longus, so that prominent symptoms such as muscle
weakness are obvious in L5 radiculopathy [19]. Fourth, nerve root
anomalies such as the furcal nerve which gives branches to L4 and L5
root may cause atypical neurological findings [20].

We acknowledge that our study is limited by the small number of

subjects investigated. Further studies are needed to investigate whether
our findings are valid in the broader population.

In conclusion, this study showed that LSCS of an upper level such
as L2-L3 and L3-L4 involved damage to a lower nerve root such as
those at L5 or S1, L5 symptoms were most often affected by L3-14, and
decompression and fusion surgery for upper level stenosis improved
symptoms. Physicians should be aware that upper-level stenosis can
cause radiculopathy at a lower level.
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