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Can the severity of central lumbar stenosis affect
the results of nerve conduction study?

Seung Wha Jang, MD, Dong Gyu Lee, MD, PhD"

Abstract

To evaluate the effect of the severity of spinal stenosis on the peripheral nerves of lower extremities by nerve conduction study (NCS)
One hundred fifteen patients with lumbar spinal stenosis were recruited retrospectively in this study. The grading system for lumbar
stenosis was used based on the degree of separation of the cauda equina. The degree of cauda equina damage caused by lumbar
central stenosis was assessed by NCS of peripheral nerves. Multiple regression analysis was used to estimate which factors affect
peripheral nerve injury, according to the presence of DM, total grading of lumbar central stenosis, and age.
Only age was associated with low amplitude in the tibial and peroneal motor NCS in the multiple regression analysis. The severity of
the compression of the cauda equina, caused by spinal stenosis, did not statistically significantly affect the NCS values of nerves on

the lower extremities.

In conclusion, the cauda equina is resilient against degenerative lumbar central stenosis. Unlike changes caused by
peripheral nerve entrapment, lumbar central stenosis did not affect the findings of NCS on the peripheral nerve of lower

extremities.

Abbreviations: ALCCS = the accumulated total lumbar central canal stenosis, CMAP = compound motor action potential, DM =

diabetic mellitus, NCS = nerve conduction study.
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1. Introduction

Lumbar spinal stenosis is a degenerative disease that causes lower
back pain and neurogenic claudication in the lower extremities.
Diffuse bulging discs, decreased disc height, and hypertrophy of
the ligaments decrease the space in the spinal canal; this produces
mechanical compression and ischemia in the cauda equina.!
Spinal stenosis can cause neurogenic claudication due to the lack
of oxygen supply to the cauda equina in proportion to the oxygen
demand."**! Methods for the diagnosis and grading of spinal
stenosis through imaging have been introduced.**! Assessing the
dural sac cross-sectional area is a also useful radiologic method to
investigate the severity of spinal stenosis.! The spinal cross
sectional area, however, can be changed by the flexion and
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extension of the trunk.””! Moreover, there is no definite
correlation between the severity of lumbar spinal stenosis seen
on imaging studies and the associated pain.!®”! Therefore, the
measurement of the cross-sectional area, using the static cross
section of the lumbar MRI, is clinically limited in the diagnosis
and treatment of pain.

Peripheral nerve entrapment is caused by localized compres-
sion of the pathway of the peripheral nerves.'! Mechanical
compression of the peripheral nerve can produce axonal injury
resulting in denervation in the terminal organs. Nerve conduction
study (NCS) is a diagnostic tool used for the evaluation of
peripheral nerve injury. NCS can detect abnormal findings in the
distal part of a compressed lesion. Central lumbar spinal stenosis
compresses the cauda equina; this is similar to peripheral nerve
entrapment syndrome. Therefore, severe spinal stenosis has the
potential to cause peripheral nerve injury."!! Thus, if spinal
stenosis causes cauda equina injury, NCS of the peripheral nerves
of the lower extremities will show abnormal findings consistent
with neurological damage. However, there is not much research
concerning the relationship between spinal stenosis, according
to the degree of cauda equina aggregation, and peripheral
nerve injury.

Guen et al introduced a new grading system for lumbar central
canal stenosis based on the degree of separation of the cauda
equina on T2-weighted axial images.!'*! We adopted this grading
system to study the effect of central lumbar stenosis on the cauda
equina. With this, we investigated the effect of central spinal
stenosis on peripheral neuropathy using NCS, according to the
spinal stenosis grading.

2. Methods

Approval from the institutional ethics review board of Yeungnam
University Hospital (YUMC 2019-11-031) was obtained; the
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Patient characteristics.

Parameter Value
Age 67.6 £95
Gender (M:F) 61:54
DM

Yes (%) 90(78)
No (%) 25(22)
Lumbar stenosis level

L1-2 11
[2-3 36
L3-4 67
L4-5 94
[5-S1 13

DM = diabetic mellitus.

need for obtaining written informed consent from the partic-
ipants in this study was waived. The inclusion criteria included:

1. the central lumbar stenosis was diagnosed by MRI findings;

2. neurogenic claudication was noted; and

3. NCS was conducted on the lower extremities (e.g., peroneal
nerve, tibial nerve, sural nerve).

Exclusion criteria included:

1. unknown peripheral axonal and demyelinating polyneurop-
athy, except diabetic mellitus (DM); and
2. definite motor weakness of the lower extremities.

We retrospectively recruited 115 patients who visited the
outpatient clinic from August 2015 to September 2018. Two
physicians agreed and assessed the grade of central lumbar
stenosis from L1-2 to L5-S1 levels, based on the grading
system.['?! The sum of each grade of individual multi-level
lumbar stenosis was calculated. Grading values for each level
were from 0 to 3; the maximum total grading value per
person was 15. NCS (Carefusion Nicolet EDX with Viking
EDX software, UK) was conducted on all patients. The tibial
and peroneal motor nerves and the sural nerve were
evaluated.
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2.1. Statistics

Statistical analysis was performed using SPSS version 22.0 for
Windows (SPSS Inc, Chicago, IL). Continuous variables were
presented as mean+standard deviation (SD). The ¢ test and
Mann-Whitney U test were used to determine that groups with or
without DM had the same age- and stenosis grading distribution.
Moreover, the T-test and Mann-Whitney U test were also used to
assess the effect of DM on the NCV values. The parameters of the
NCS, compound motor action potential (CMAP) and sensory
nerve action potential, according to the presence of DM, total
grading, and age, were assessed by multiple regression analysis to
estimate which factors affect peripheral nerve injury. A P value of
less than .05 was considered to be statistically significant.

3. Results

The demographic data are shown in Table 1. Overall, 115
patients (61 males and 54 females) were enrolled (Fig. 1). The
mean age was 67.5+9.5 years. Incidence of spinal stenosis at
each lumbar level and the accumulated total lumbar central canal
stenosis (ALCCS) grading are shown in Table 1. The distribution
of the central lumbar stenosis levels was as follows: L1-2: 11
patients (5%), L2-3: 36 (16%), L3-4: 67 (30%), L4-5: 94 (43 %),
and L5-S1: 13 (6%). The DM group and non-DM groups
comprised 25 and 90 patients, respectively.

ALCCS grading for each patient ranged from 1 to 10. The
number of patients according to the ALCCS grading is illustrated
in Figure 2. The motor nerves (peroneal and tibial) were assessed
using latency, amplitude, and velocity. The sural nerve was
assessed using latency and amplitude. The amplitude and velocity
of the peroneal nerve and the velocity of the tibial nerve showed a
significant relationship with the presence of diabetes (Table 2).

The mean amplitudes of the motor nerves (peroneal and tibial)
were significantly related to age, but not with ALCCS grading, in
the multivariate regression analysis (peroneal nerve, P=.03;
tibial nerve, P=.00; Fig. 3, Table 3). Moreover, the mean
amplitude of the sural nerve also showed a statistically significant
relationship with age (P=.00), and not with the ALCCS grading.
The relationship between the severity of spinal stenosis, ALCCS
grading, and the values of NCS of the nerves of the lower

Patients registered with spinal
stenosis diagnostic code
(N=3688 Patients)

f

3093 No NCS
108 No Lumbar MRI

\

3573 patients were excluded

115 patients included
(n=115)

312 No central spinal stenosis (HLD,
Foraminal stenosis)
60 Pathology causing neuropathy
(Trauma, chemotherar)y. Guillain-
\ barre syndrome et al.)

Figure 1. Flowchart of patient inclusion and exclusion. NCS = nerve conduction study, HLD = herniated lumbar disc.
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Figure 2. The distribution of total stenosis grading per individual.

extremities was not statistically significant. Therefore, our results
indicated that severe central stenosis with cauda equina
aggregates did not cause sustained axonal damage.

4. Discussion

In our research, the amplitudes of the peripheral motor and
sensory nerves in the lower extremities were significantly
correlated with age in the multiple regression analysis. DM
patients had significantly lower amplitudes and prolonged
velocities of the peroneal and tibial nerves in contrast to non-
DM patients. However, in the multiple regression analysis, only
age was associated with low amplitude in the tibial and peroneal
motor NCS. The spinal stenosis grading and DM did not affect
the NCS findings of the peripheral nerve in the lower extremities.
Therefore, the severity of the compression of the cauda equina,
caused by spinal stenosis, did not cause sustained axonal injury to
the cauda equine to the extent of injuring the peripheral nerves in
the lower extremities.

If older-aged patients with spinal stenosis present with pain or
motor weakness in the lower extremities, an electrodiagnostic
study may be necessary for a differential diagnosis. As lumbar
stenosis is a degenerative disease, older-aged patients are more
likely to have a variety of comorbidities.!*?! Peripheral neuropa-
thy has multifactorial etiology, involving age, metabolic agents,
DM, inflammatory origins, and idiopathic factors."*! These
factors make it difficult to properly interpret electrodiagnostic
study findings. Clinically, atypical presentation of peripheral
neuropathy can be confused with spinal stenosis.!"*! Therefore,
we wanted to determine whether severe spinal stenosis that
compresses the cauda equina can cause injury of the peripheral
nerves of the lower extremities.

Focal entrapment of the peripheral nerves in the extremities
can cause focal axonal injury of the peripheral neuropathy. Focal
axonal injury can further affect the findings of NCS in terms of
the CMAP and sensory nerve action potential. Local pressure on
the intervertebral foramen deteriorates CMAP values in line with
the increasing pressure.''®! Although the change is temporary, the

NCS values for the nerves in the lower extremities according to the presence of DM.

DM
Yes (25) No (90)
mean + SD mean + SD P
Peroneal nerve Latency(ms) 523+3.12 4.06+1.00 114
Amplitude(mV) 3.90+3.20 5.23+3.12 036"
Velocity(m/s) 39.44+12.20 43.85+9.02 003"
Tibial nerve latency(ms) 4.03+0.60 3.81+£0.73 215
amplitude(mV) 17.44+7.60 20.27 +8.63 119
velocity(m/s) 43.92+3.07 45.39+5.92 012"
Sural nerve latency(ms) 2.00+0.45 1.98+0.27 208
amplitude(.V) 16.80+11.33 20.86+11.72 108

DM = diabetic mellitus.
P<.05.


http://www.md-journal.com

Jang and Lee Medicine (2020) 99:30

Medicine

-]
1

2
CMAP(TibialN)Amplitude(mV)
8
5

CMAP{PeronealN)Amplituds (mV)
L]

L

sensoryAmplitude(mV)

00 500 600 700 600 w00 400 0 600

700 0 200
A age B age C
a0
°
ot o
°
125 ° ° o
¢ L) o 0.0
o
o
s L] o L) °
E 9 £ ° 8 5 § o ° o
g o o £ g ° 8 s o °
2 8 2 8 o ° £ ° °
£ [ o ° o 2 ] ° o o o o 2.
3 @8 o o © z o ° o 3 woy o
o
é”' ° H 8 o 4 8
z 8 o g o 200 o z 8 o
T 8 z g 9 o
: o ° ° 3 o 8 o % 2 ©
g 3. ¢ ° 3 ] ] 9 8 s gl 2 ° e
s E g8 o 9 H 2
[ o 8 o
& o g o ° o g ] o [
8 8 o ] o 4 o ) =
a0 e A O o = o 8 8 o
5 § § o o @ ° 4 5 8 © 8 o
= o 8 § § ° 8 2o 4 G g 8 g e a °
g o 8 : 8 g S 3 8
g o ® o 8 8
o o o o ° ° o ° o ° o
T T T T T T T T T v T T T T T r T
o 20 40 50 a0 160 0 20 0 0 80 100 o 20 a0 a0 50 190
D ‘total grading E total grading F total grading

Figure 3. Age showed a statistically significant correlation with the amplitude of motor and sensory nerves in the lower extremities (A, B, C). However, the total
grading did not show a statistically significant correlation with the amplitude of motor and sensory nerves in the lower extremities (D, E, F).

amplitude and latency of CMAP can be affected by focal pressure
on the dorsal root ganglion. Egli et al reported that 78% of
lumbar spinal stenosis patients showed delayed H-reflex and
somatosensory evoked potentials and 39% of patients showed
pathologic findings with respect to the CMAP amplitude."”!
Thus, NCS findings of nerves within the lower extremities can be
used to assess cauda equina injury caused by lumbar stenosis.
However, in our research, even severe spinal stenosis, causing
the aggregation of the cauda equina, did not produce significant
abnormalities in the amplitude of the peripheral nerves.

Moreover, in the multiple regression analysis, the severity of
spinal stenosis did not show a significant association with
abnormalities in the NCS findings of the nerves of the lower
extremities. Unlike the spinal cord, which is vulnerable to spinal
canal stenosis,!'8! the cauda equine is resilient to mechanical
compression by degenerative spinal stenosis. Traumatic com-
pression can damage the cauda equina, resulting in abnormal
NCS findings.!"” However, the incidence of neurological deficit is
very low when considering the prevalence of degenerative spinal
stenosis.!2!

Multivariate regression analysis of age, total grading, and DM status according to the NCS findings of the nerves in the lower extremities.

Peroneal nerve (motor)

Tibial nerve (motor) Sural nerve (sensory)

Latency Amplitude Velocity Latency Amplitude Velocity Latency Amplitude
(ms) (mV) (m/s) (ms) (mV) (m/s) (ms) (1Y)

Mean +SD 410+1.13 494+317 42.90+9.91 3.86+0.71 19.66 +8.47 45.07 +£5.45 1.99+0.32 19.97+11.71

Age Exp (B) 0.003 —0.065 -0.125 0.014 —0.313 —0.116 0.003 —0.49
SE 0.110 0.300 0.097 0.007 0.078 0.053 0.003 0.106
P 0.817 0.034" 0.199 0.048 0.000" 0.030 0.368 0.000"

Total grading Exp (B) —0.061 —0.239 —0.298 —0.001 —0.376 —0.082 —0.1 0.428
SE 0.050 0.134 0.428 0.031 0.346 0.235 0.014 0.469
P 0.222 0.077 0.488 0.985 0.280 0.728 0.470 0.364

DM Exp (B) 0.160 —1.266 —4.252 0.197 —2.327 —-1.27 0.005 -3.037
SE 0.258 0.695 2.220 0.159 1.795 1.220 0.072 2.432
P 0.537 0.071 0.058 0.218 0.198 0.300 0.945 0.214

adj R2 —0.008 0.069 0.027 0.025 0.128 0.029 —0.014 0.163

F 0.684 3.797 2.042 1.991 6.571 2.126 0.463 8.401

p 0.564 0.012 0.112 0.119 0.000 0.101 0.709 0.000

EJM = diabetic mellitus, NCS = nerve conduction study.
" P<.05.



Jang and Lee Medicine (2020) 99:30

Chronically compressed nerve roots become resistant to acute
compression,”! and nerves have the ability to regenerate after
injury.??! Spinal stenosis causes gradual degeneration rather than
progressive degeneration; therefore, spinal stenosis causes
gradual damage but this allows the injured nerve to regenerate
in time. Therefore, we speculate that these factors affected the
results of our research.

Neuropathy is the most common chronic complication of DM.
Metabolic processes and ischemic damage contribute to
peripheral neuropathy.*®! Meticulous blood sugar control
reduces the progression of diabetic neuropathy. DM patients
showed significantly abnormal properties of the tibial and
peroneal nerves in contrast to non-DM patients. However, in the
multivariate regression analysis, DM was not a statistically
significant factor. Further, we did not consider other factors
affecting diabetic peripheral neuropathy in the analysis, which, as
we speculate, may have influenced the results.

Aging is a well-known factor that causes functional and
morphological changes in the nervous system.””*! Aging causes
decline in the function of nerve regeneration following injury.
Further, the deterioration of the myelin sheath and axonal atrophy
during aging affects the electrophysiologic properties of the
peripheral nerves.!***! Consistent with this knowledge, in our
study, age correlated with the abnormalities in the electrophysio-
logic properties of the nerves in the lower extremities.

To assess the relationship between stenosis and peripheral
neuropathy, multiple regression analysis was performed with
well-known factors that cause peripheral neuropathy. This
analysis was aimed to control other variables to determine the
extent of the impact of degenerative spinal stenosis. Finally, this
study showed that age is a main factor influencing the
deterioration of NCS findings. Moreover, our findings suggested
that degenerative spinal stenosis is not associated with cauda
equina injury and further injury of the peripheral nerves.

Our study has some limitations that warrant mention. First, the
study enrolled patients with only subjective symptoms. Second, it
was a retrospective study based on an electronic database. Third,
we did not consider the disease duration or control of blood sugar
in patients with diabetes.

In conclusion, the cauda equine is resilient against degenerative
spinal central stenosis. Therefore, if patients with nontraumatic
degenerative spinal stenosis show significant abnormalities in
NCS findings, it may be more effective to consider causes other
than spinal stenosis first.
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