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the AP diameter of the spinal cord, and was observed only
in the gray matter and part of the anterior funiculus. At
20% compression, the stress on the gray matter and anterior
funiculus was slightly increased. At 30% compression, the
stress on the spinal cord was increased and high stresses
were observed in the gray matter and the anterior, lateral and
posterior funiculi. However, the stress was not increased on
the posterior funiculus of the non-compressed side (Fig. 3C).

A compression of 62.5% of the length of the transverse
diameter of the spinal cord with a rigid flat plate resulted in
very low stresses when the degree of compression was 10% of
the AP diameter of the spinal cord; the stress was only slightly
increased in both anterior funiculi. At 20% compression, the
stress increased in the gray matter and the anterior funiculus
on the compressed side. At 30% compression, the stress on the
spinal cord was increased and high stresses were observed in
the gray matter and anterior funiculi of both sides, the lateral
funiculus of the compressed side and both posterior funiculi.
The stress was not increased in the lateral funiculus of the
non-compressed side (Fig. 3D).

Under compression of 75% of the length of the transverse
diameter of the spinal cord with a rigid flat plate, the stress
on the spinal cord was very low at 10% compression of the
AP diameter of the spinal cord. At 20% compression, the
stress increased in the gray matter and anterior funiculi of
both sides. At 30% compression, the stress on the spinal cord
was increased and high levels of stress were observed in the
gray matter of both sides, as well as in the anterior, lateral and
posterior funiculi of both sides (Fig. 3E).

Discussion

BSS was first described by Brown-Séquard in a study of
a patient who was suffering from a knife injury and who
presented with hemicord syndrome (9). BSS involves ipsi-
lateral loss of motor function resulting from corticospinal
tract interruption, combined with a contralateral loss of pain
and temperature sensation as a result of spinothalamic tract
dysfunction. BSS is most often observed in association with
traumatic injuries to the spinal cord (10-12). The incidence
of complete BSS due to chronic compression is very low. In
one study, complete BSS was observed in 4.6% of 600 cases
reported as BSS (4) and these comprised trauma (1.0%),
tumoral compression (0.8%) and non-tumoral compression or
non-compressive lesions (2.8%). The contribution of cervical
disc herniation to BSS has been estimated by Jomin et al (13)
to be 2.6%, but no further details were provided in this study.
Choi et al (14) reported that only five of the 2,350 cases (0.21%)
in their series were retrospectively evaluated as complete BSS
caused by cervical disc herniation. Nine percent of the patients
who presented with symptoms of thoracic disc herniation were
diagnosed with BSS (15), but this study did not classify cases
into complete or incomplete BSS. BSS may also constitute the
initial symptom for idiopathic spinal cord herniation (ISCH),
a rare cause of progressive myelopathy (16-19). ISCH is char-
acterized by spontaneous herniation of the spinal cord through
an anterior or antero-lateral dural defect. A review of the
literature relevant to ISCH showed that 73/100 reported cases
(73%) presented with BSS, 19 (19%) with spasticity and eight
(8%) with numbness or leg pain (20) However, this study did
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not provide details concerning whether the BSS was complete
or incomplete.

Based on these previous findings, we hypothesized
that pressure within a limited range of compression causes
complete BSS with static compression. To test this hypothesis,
we investigated three different degrees of static compression
under five different compressions of the transverse diameter
of the spinal cord. We calculated the stress distributions inside
the spinal cord and simulated complete and incomplete BSS
using a 3D-FEM model.

The aim of the present study was to develop a 3D-FEM
spinal cord model that simulates the clinical situation. In
a similar manner to previous studies by Kato et al (21-23),
Li et al (24,25) and Nishida et al (26,27), bovine spinal cord
or magnetic resonance imaging (MRI) was used in the model
for the present analysis since it was not possible to obtain fresh
human spinal cord. The mechanical properties of the spinal
cord used in the present study were similar to those reported in
earlier studies (6-8). Li and Dai (24) noted that it was reason-
able to make use of the mechanical properties of bovine spinal
cord since the brains and spinal cords of cattle and humans
exhibit similar changes when injured. In the present study, we
also assumed that the mechanical properties of the spinal cords
from the two species were similar. Persson et al (5) described
the division of spinal cord into pia mater and white and gray
matter, and demonstrated that the presence of pia mater had a
significant effect on spinal cord deformation; thus, pia mater is
required to simulate the clinical situation effectively.

The present study was limited to the investigation of
stress distribution caused by compression. Additional casual
factors that may contribute to cervical spondylotic myelopathy
(CSM) include ischemia, congestion and spinal cord stretch
injury (28). Blood flow was not analyzed in this FEM analysis
and only one movement (static compression) was investigated
for potential association with BSS. Long-term compres-
sion and apoptotic factors were not considered in this FEM
analysis. Moreover, the FEM model used in the present study
was simplified in order to facilitate the calculations. Analysis
errors were reduced by using a FEM mesh, assuming the
spinal cord was symmetric, not including the denticulate liga-
ment, dura and nerve root sheaths, and setting a close distance
between the spinal cord and lamina, spinal cord and anterior
compression of the spinal cord.

When the rigid-flat-plate compression was applied to
<37.5% of the length of the transverse diameter of spinal cord,
the stress on the gray matter, anterior funiculus and lateral
funiculus was increased, but not the stress on the posterior
funiculus. Consequently, contralateral loss of pain, tempera-
ture sensation and ipsilateral loss of motor function are likely
to occur, but not ipsilateral disorders of vibration and position
sense. This may correspond to cases of incomplete BSS.

When the rigid-flat-plate compression was applied to
>62.5% of the length of the transverse diameter of the spinal
cord, the stress increased on the gray matter, the anterior
funiculi and the posterior funiculi on both sides and on the
lateral funiculus on the compression side, but not the lateral
funiculus on the non-compression side. Based on these results,
the loss of pain and temperature sensation, as well as ipsilateral
loss of motor function on the compression side are expected to
occur. Disorders of vibration and position sense are also likely
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to occur and, thus, this situation may correspond to cases with
incomplete BSS.

Under a rigid-flat-plate compression of 50% of the length of
the transverse diameter of the spinal cord and compression of
10% of the AP diameter of the spinal cord, the stress levels in
the gray matter were very low. At 20% compression, the stress
levels were slightly increased in the gray matter and anterior
funiculus, while at 30% compression, the levels of stress were
increased in the gray matter, as well as in the anterior, lateral
and posterior funiculi. This may result in the contralateral loss
of pain and temperature sensation due to anterior funiculus
compression, ipsilateral loss of motor function due to lateral
funiculus compression, and ipsilateral disorders of vibration
and position sense due to posterior funiculus compression.
However, the distribution of stress to the posterior funiculus of
the non-compressed side and was not observed; thus, this may
correspond to cases of complete BSS.

The simulation model used in the present study showed
that only at a compression of 50% of the length of the trans-
verse diameter of the spinal cord did the stress distribution
lead to complete BSS. However, compression within such a
limited range is an infrequent clinical event and, thus, this may
explain why the number of cases of complete BSS associated
with chronic compression is rare.
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Abstract. The present study reports the beneficial effects of an
anti-mouse interleukin-6 (IL-6) receptor antibody (MR16-1)
on neuropathic pain in mice with spinal cord injury (SCI).
Following laminectomy, contusion SCI models were produced
using an Infinite Horizon (IH)-impactor. MR16-1 was continu-
ously injected for 14 days using Alzet osmotic pumps. A
mouse IL-6 ELISA kit was then used to analyze IL-6 levels
in the spinal cord tissue between 12 and 72 h after injury.
Motor and sensory functions were evaluated each week using
the Basso Mouse Scale (BMS), plantar von Frey and thermal
threshold tests. Histological examinations were performed
42 days after SCI. Between 24 and 72 h after SCI, the expres-
sion levels of IL-6 were significantly decreased in the MR16-1
treated group. Six weeks after surgery, the BMS score of
the MR16-1-treated group indicated significant recovery of
neurological functions. MR16-1-treated mice in the SCI group
exhibited lower paw withdrawal thresholds in the plantar von
Frey and thermal tests, which were used to evaluate allodynia.
MR16-1 treatment significantly increased the area of Luxol
fast blue-stained tissue, representing spared myelin sheaths.
These results indicate that the continuous inhibition of IL-6
signaling by MR16-1 between the early and sub-acute phases
following SCI leads to neurological recovery and the suppres-
sion of hyperalgesia and allodynia. Overall, our data suggest
that the inhibition of severe inflammation may be a promising
neuroprotective approach to limit secondary injury following
SCI and that an anti-IL-6 receptor antibody may have clinical
potential for the treatment of SCI.
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Introduction

Over two-thirds of individuals with spinal cord injury (SCI)
experience the effects of neuropathic pain in their daily lives.
Neuropathic pain is resistant to general analgesic treatment
and is a long-term issue for SCI patients. SCI causes severe
motor and sensory dysfunction, while neuroinflammation
is an important secondary event in the injury cascade. The
development of strategies to minimize this auto-destructive
injury is one of the main aims in the field of SCI research. A
number of studies have demonstrated remarkable protection
and functional recovery using anti-inflammatory reagents in
SCI models (1-7). However, to date, there have been no studies
concerning the use of anti-inflammatory reagents to reduce
neuropathic pain following SCI. The interleukin-6 (IL-6)
cytokine is important in mediating pro-inflammatory damage
after SCI (8-10). Activation of the Janus kinase and signal
transducer and activator of transcription 3 (JAK-STAT3)
signaling pathway by IL-6 is an important mechanism for
transducing signals from the cell surface and is strongly linked
to immune/inflammatory reactions (11,12). Early activation
of this pathway occurs most often in spinal microglia and
contributes to the development of neuropathic pain (13-15).
Attenuation of IL-6 activity is therefore an attractive thera-
peutic strategy for reducing the neurological deficits associated
with SCI. The present study reports a significant reduction of
neuropathic pain in mice with SCI following the administra-
tion of anti-mouse 1L-6 receptor antibody (MR16-1).

Materials and methods

Experimental procedures. All experiments were approved
by the Ethics Committee for Animal Studies at Yamaguchi
University (Ube, Japan) and were carried out in accor-
dance with the Guidelines for Proper Conduct of Animal
Experiments, Science Council of Japan (June 1, 2006).

MRI6-1. The rat anti-mouse 1L-6 receptor monoclonal anti-
body (MR16-1), a gift from Chugai Pharmaceuticals Co. Ltd.,
(Tokyo, Japan), was prepared as described previously (16).
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An isotype of this antibody is IgG1. MR16-1 has been shown
to bind to the soluble mouse IL-6 receptor and suppress
IL-6-induced cellular responses in a dose-dependent manner.
Other basic characterizations of this antibody have been
described in previously published reports (8).

Animals and surgery. Sixty adult female C57BL/6] mice
(10 weeks old) were obtained from Japan SLC, Inc. (Shizuoka,
Japan) and assigned to the following groups: The MR16-1
group, comprising MR16-1-treated mice (n=25); the control
group, comprising untreated SCI mice (n=25); and the sham
group, comprising mice subjected to laminectomy but with
normal spinal cords (n=10). Mice were anesthetized with an
intraperitoneal injection of ketamine (100 mg/kg) and xylazine
(10 mg/kg). Laminectomy was performed at the level of the 10th
thoracic vertebra under a surgical microscope. A contusion SCI
model was produced using an Infinite Horizon (IH)-impactor
(PSI Inc., Lexington, KY, USA) with an impact force of
60 kdyn (17). Immediately after injury, MR16-1 was continu-
ously injected for 1-14 days (150ug/day) using Alzet osmotic
pumps (DURECT Corporation., Cupertino, CA, USA).

ELISA analysis of interleukin-6 concentration. Spinal cord
tissue (35 mm in length) at the lesion epicenter was dissected in
each group (5 animals per group) at 12,24 and 72 h after injury.
Spinal cord tissue samples to be used for ELISA analysis were
homogenized in radio-immunoprecipitation assay (RIPA)
lysis buffer (500 pl; Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA) and the IL-6 concentration was measured
using a mouse IL-6 ELISA kit (Invitrogen Life Technologies,
Carlsbad, CA, USA) according to the manufacturer's instruc-
tions. The IL-6 levels were expressed in pg/mg (18).

Assessment of motor function recovery. The Basso Mouse
Scale (BMS) is a validated scale used to monitor the progress
of hind-limb functional recovery following SCI. The scale
ranges from 0 (no ankle movement) to 9 (complete functional
recovery) points (19). BMS scores were recorded at 3,7, 14, 21,
28 and 42 days following SCI by two independent examiners
who were blind to the experimental conditions. Hind-limb
motion was used to assess coordinated movement and step-
ping. When differences in the BMS score between the right
and left hind limbs were observed, the average of the two
scores was used.

Assessment of sensory function recovery and allodynia.
Sensory tests were performed 21 and 42 days after SCI. All
behavioral tests were conducted by an experienced investi-
gator who was blind to the type of intervention. Each hind
paw was tested three times. Paw withdrawal latencies to heat
were measured according to the Hargreaves' method (20)
by applying a standard Plantar test (Ugo Basile, Comerio,
Italy). The animals were placed on a glass surface and a
radiant heat source was positioned under one hind paw. The
latency to paw withdrawal was recorded automatically. Paw
withdrawal thresholds to tactile stimulation were measured
according to the von Frey test using a standard Dynamic
Plantar Aesthesiometer (Ugo Basile). The animals were placed
in plexiglass cages on a wire mesh. The plantar surface of the
hind paw was probed with a von Frey monofilament (21) and
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the force required for paw withdrawal was recorded automati-
cally. The von Frey filament and thermal threshold tests were
used to measure mechanical allodynia and thermal hyperal-
gesia, respectively.

Histological analysis. Spinal cords were harvested 42 days
after surgery. Mice were anesthetized with an intraperitoneal
injection of ketamine (100 mg/kg) and xylazine (10 mg/kg)
and then perfused with 4% paraformaldehyde. A 1-cm length
of spinal cord that included the lesion center was removed
and frozen for sectioning. The tissue was sectioned axially
in 10-pm-thick sections. Transverse sections from the
injury epicenter were also stained for myelin using Luxol
fast blue (LFB). LFB-positive areas in which the density
significantly exceeded the threshold of each background were
calculated as the percentage cross-sectional area of residual
tissue. Tissue sections were analyzed using the Cavalieri
Probe (Stereo Investigator 64-bit software; MBF Bioscience,
Williston, VT, USA) (22).

Electrophysiological evaluation. Sensory evoked poten-
tials (SEPs) were recorded from the MR16-1 (n=10), control
(n=10) and sham (n=5) groups 42 days after SCI. SEPs following
sciatic nerve electrical train stimulation were recorded from
the sensory cortex of the brain in mice anesthetized with
ketamine. A ground electrode was inserted subcutaneously
between the stimulating and recording electrodes and a
constant current stimulus (S) of 0.1 msec duration and 2.0 mA
intensity was applied at a rate of 5.7 Hz to the hind paw. At a
band-width of 10-3,000 Hz, a total of 200 traces were aver-
aged and replicated (23). SEP peak latency and amplitude were
measured from the start of S to the peak of the first positive
peak (P1).

Statistical analysis. All data in this study are expressed as the
mean = SEM. ELISA data and electrophysiological latency
data were analyzed using a one-way ANOVA. The BMS and
histological data were analyzed using a two-way ANOVA for
repeated measures. Significant ANOVA results were followed
by post-hoc Bonferroni analysis. Sensory variables showed
normal distribution in the Kolmogorow-Smirnow test. P<0.05
was considered to indicate a statistically significant differ-
ence.

Results

ELISA data. At 12 h after SCI, the expression levels of IL-6
were 430.6£66.8, 362.1+42.3 and 80.0+£12.0 pg/mg in the
MR16-1, control and sham groups, respectively. No signifi-
cant differences in the expression levels of IL-6 in the spinal
cord were identified between the MR16-1 and control groups
12 h after SCI. At 24-72 h after SCI, the expression of IL-6
in injured spinal cord tissue was significantly lower in the
MRI16-1 group than in the control group (Fig. 1).

At 24 h following SCI, the expression levels of IL-6 were
258.0+44.7, 503.3+24.0 and 78.0+12.0 pg/mg in the MR16-1,
control and sham groups, respectively. At 72 h after SCI,
the expression levels of IL-6 were 111.2+6.9, 166.4+5.0 and
77.0+11.5 pg/mg in the MR16-1, control and sham groups,
respectively. Between 72 h and 2 weeks following SCI, no
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Figure 1. ELISA data. Time course for the expression of IL-6 in spinal cord
tissue following SCI. The graph shows IL-6 expression in the normal spinal
cords of mice from the sham group. No significant differences in the expres-
sion of IL-6 were identified between the MR16-1 and control groups 12 h after
SCI. Between 24 and 72 h after SCI, the expression of IL-6 in injured spinal
cord tissue was significantly lower in the MR16-1 group than in the control
group. SCI, spinal cord injury; IL-6, interleukin-6; MR16-1, anti-mouse IL-6
receptor antibody.
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Figure 2. Time course of BMS score following SCI. Between 2 and 6 weeks
after SCI, the MR16-1 group exhibited significantly improved recovery com-
pared with the control group. BMS, Basso Mouse Scale; SCI, spinal cord
injury; MR16-1. anti-mouse interleukin-6 receptor antibody; m, BMS scores
for the MR16-1 group; @, BMS scores for the control group; a, BMS scores
for the sham group. "P<0.05, MR16-1 group vs. control group.

significant differences were identified in the expression levels
of IL-6 in the spinal cord among the three groups.

Motor function. Mice injected with MR16-1 showed contin-
uous recovery of motor function. Three days after surgery, the
BMS score was 0.8+0.18 for the MR16-1 group, 0.2+0.18 for
the control group and 9.0+0.00 for the sham group (Fig. 2).
One week after surgery, the BMS score was 3.0+0.31 for the
MRI6-1 group, 2.2+0.24 for the control group and 9.0+0.00
for the sham group. Two weeks after surgery, the BMS score
was 4.6+0.22 for the MR16-1 group, 3.2+0.16 for the control
group and 9.0+0.00 for the sham group. Three weeks after
surgery, the BMS score was 4.6+£0.22 for the MR16-1 group,
3.2+0.16 for the control group and 9.0+0.00 for the sham
group. Four weeks after surgery, the BMS score was 5.4+0.22
for the MR16-1 group, 4.6+0.17 for the control group and
9.0+0.00 for the sham group. Six weeks after surgery, the

EXPERIMENTAL AND THERAPEUTIC MEDICINE 6: 1194-1198, 2013

A Von Frey threshold test

*pe.ol

b

ga

10

wn

MR16-1 Sham
Control
3weeks 6 weeks

Plantar thermal test

*p0.at

10
sec

3.
¢

wr

MR16-1

Sham
Control

3 weeks 6 weeks

Figure 3. Results of (A) von Frey threshold and (B) plantar thermal tests
of sensory functions and allodynia. Three weeks after SCI, the majority of
mice were under hypesthesia, thus allodynia could not be evaluated. Six
weeks after SCI, hyperalgesia was significantly suppressed in MR16-1 group
mice compared with the control group. The data for control group represent
the natural course for sensory recovery in SCI mice following a 60-kdyn
impact, while the data for the sham group represent normal sensory function
without neurological deficit. SCI, spinal cord injury; MR16-1. anti-mouse
interleukin-6 receptor antibody; n.s., not significant.

BMS score was 6.8+0.15 for the MR16-1 group, 5.0+0.19 for
the control group and 9.0+0.00 for the sham group. Between
2 and 6 week after SCI, the BMS scores between the MR16-1
and sham groups were significantly different.

The BMS scores for the MR16-1 and control groups
indicated gradual recovery one week after SCI. However,
between 2 and 6 weeks following MR16-1 treatment, mice in
the MR16-1 group showed a marked recovery compared with
those in the control group (Fig. 2).

Sensory functional recovery and prevention of allodynia.
The mice that were continuously infused with MR16-1
showed recovery of sensory function (Fig. 3). The sensory
scores of the mice in the von Frey and thermal tests were as
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Figure 4. (A) LFB-stained spinal cord at the center of the SCI (scale
bar, 50 #m). The LFB-positive area was significantly greater in the MR16-1
group. (B) The area of preserved myelin sheath was significantly higher in
the MR16-1 group than in the control group. SCI, spinal cord injury; LFB,
luxol fast blue; MR16-1, anti-mouse interleukin-6 receptor antibody.

follows: in the MR16-1 group 3 weeks after SCI, 11.7+0.64 g
and 9.8+0.86 sec, respectively, and at 6 weeks, 7.0£0.84 g
and 2.9+0.37 sec, respectively; in the control group 3 weeks
after SCI, 11.9£0.69 g and 9.2+0.82 sec, respectively and
at 6 weeks, 5.3x1.1 g and 1.7£0.27 sec, respectively; in the
sham group 3 weeks after SCI, 6.9+0.26 g and 4.2+0.23 sec,
respectively, and at 6 weeks, 6.4+0.24 g and 4.5+0.21 sec,
respectively.

At 3 weeks after SCI, the majority of mice were in the
recovery phase for sensory function. It was not possible to
evaluate the occurrence of allodynia since the majority of mice
were under hypesthesia. Six weeks after SCI, hyperalgesia was
significantly suppressed in the MR16-1 group compared with
the control group. The data for the control group demonstrate
the natural course of sensory recovery in SCI, while the data
for the sham group demonstrate normal sensory evaluation
without neurological deficit.

LFB stain. The area of Luxol fast blue-stained tissue, repre-
senting spared myelin sheath, was significantly increased as a
result of treatment with MR16-1 (Fig. 4A).

The LFB-positive area at the center of the axial section of
the SCI was 482+22 ym? in the MR16-1 group and 263+43 ym?
in the control group (Fig. 4B), demonstrating significant pres-
ervation in the MR16-1 group.

SEPs. SEP recordings were performed 6 weeks after SCI
in order to provide electrophysiological evidence for the
recovery of sensory function. The latency of the first wave was
74+1.1 msec in the MR16-1 group, 7.7+0.9 msec in the control
group and 7.1+0.5 msec in the sham group (no significant
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differences were identified). However, the amplitude of the first
wave was 9.1£1.9 msec in the MR16-1 group, 4.6+0.8 msec in
the control group and 14.1+0.7 msec in the sham group. The
amplitude for the MR16-1 group was significantly lower than
that of the sham group, but significantly higher than that of the
control group. MR16-1-treated SCI mice exhibited suppressed
allodynia and increased sensory function, as determined by
electrophysiological measurements.

Discussion

Chronic pain and allodynia following SCI represent a thera-
peutic challenge. To the best of our knowledge, the present
study is the first report demonstrating that MR16-1 suppresses
allodynia and hyperalgesia in mice with SCI. Mice treated
with MR16-1 exhibited only moderate hyperalgesia of the
lower limbs.

A previous study reported that the administration of
IL-6 cytokine at lesion sites one day after injury increased
the recruitment and the peak of macrophage, neutrophil and
microglial cell activity at the lesion sites to a greater extent
than when administered 4 days after injury (24). In the present
study, the concentration of IL-6 at the injury site between 24
and 72 h after SCI was significantly reduced in mice treated
with MR16-1. These mice also exhibited improved locomotor
BMS scores from 14 days after SCI compared with untreated
mice. This result suggests that MR16-1 conferred a neuropro-
tective effect in SCI mice. This is in agreement with a previous
study in which MR16-1 treatment for SCI decreased connec-
tive tissue formation due to astrogliosis (25). The suppression
of gliosis leads to protection of the myelin sheath in the injured
spinal cord (25). In the present study, an increase in myelin
preservation was also observed, as revealed by LFB staining at
42 days post-injury. Furthermore, SEPs confirmed that MR 16-1
treatment for SCI led to electrophysiological sensory recovery.
In this study, cord dysfunction at the thoracic level was revealed
by recording hind-limb SEPs following SCI. Potentials evoked
in hind-limbs appeared as well-characterized peaks, and
provide a sensitive and quantitative measure to detect patho-
logical changes following SCI. This is in accordance with a
number of clinical studies reporting that pathological changes
in SEPs are a sensitive method for the detection of the extent
of cord injury (23). Although this method primarily represents
the function of the somatosensory pathways, SEPs have been
used extensively in neurophysiological assessments of spinal
cord integrity (23,26).

IL-6 is one of the major proinflammatory cytokines
that triggers secondary injury in the pathophysiology of
SCI. It is known to promote the activation and infiltration
of macrophages and microglia, the major inflammatory
cells observed in SCI (9). When IL-6 is released, it binds
to the membrane-bound IL-6 receptor (IL-6R) to form an
IL-6/IL-6R complex that associates with the signal trans-
ducer, gp130, transmitting a signal into cells (16). In addition,
the gpl30-JAK/STAT pathway promotes the differentiation
of astrocytes. These cells produce a chondroitin sulfate
proteoglycan (CSPQG) that forms a glial scar. Therefore, the
overexpression of IL-6 enhances inflammation and tissue
injury (25). By contrast, previous studies using gene-knockout
animals have revealed that the excessive inhibition of IL-6
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signaling is detrimental to functional recovery, since it
inhibits axonal regeneration or causes failed gliosis, which
implies that IL-6 may also have a beneficial function in spinal
cord repair (9,25). Based on these findings and the theory
that a blockade of IL-6 signaling may reduce the extent of
post-SCI inflammatory damage, previous researchers have
administered MR16-1 following SCI and demonstrated
reduced inflammation, decreased astrogliosis and enhanced
tissue sparing, leading to improved functional recovery.

In conclusion, the present results suggest that continuous
blockade of 1L-6 signaling following SCI reduces damaging
inflammatory activity, thus promoting functional and
sensory recovery. A humanized antibody against human
IL-6 receptor (MRA; tocilizumab) is already in clinical use
for the treatment of rheumatoid arthritis. This drug may also
represent a novel option for the treatment of human SCI.
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Abstract

Objective: To evaluate the diagnostic utility of the T reflexes elicited from the upper limb muscles during standardized volitional contraction
monitored by a real-time integrating electromyographic analyzer.

Design: Prospective descriptive study.

Setting: Department of orthopedic surgery at a university hospital.

Participants: Healthy subjects (n=80) evenly distributed across decades of age from 21 to 79 years, and 12 consecutive patients with a single
cervical root lesion based on clinical and magnetic resonance imaging studies and diagnostic block.

Interventions: Not applicable.

Main Outcome Measures: Using a special hammer, which externally triggers the sweep on skin contact, we evoked T reflexes in the biceps (C5),
brachioradialis (C6), triceps (C7), and the first dorsal interosseous muscles (C8).

Results: Simultaneous regression analyses yielded clinically useful upper limits of normative values for latencies, side-to-side differences, and
amplitude ratios adjusted to age and arm span. Comparison of the T reflexes between the 2 sides localized the solitary root lesions with a high
sensitivity (92%), specificity (81%), and accuracy (83%). T-reflex studies proved helpful to localize the lesion even in patients who solely
complained of upper limb pain.

Conclusions: The T reflexes with a standardized facilitation of the upper limb muscles provide a clinically useful, noninvasive measure to localize
the C5 to C8 radiculopathies. This study contributes in reassessing the currently underused T reflex as an electrodiagnostic technique.
Archives of Physical Medicine and Rehabilitation 2013;94:467-73

© 2013 by the American Congress of Rehabilitation Medicine

In cervical radiculopathy (CR), the distribution of motor deficits
provides more reliable localization than sensory impairments, which
show dermatomal overlap with considerable variability."* Clinical
observation of the stretch reflexes also helps,3 although it falls short of

No commercial party having a direct financial interest in the results of the research supporting
this article has or will confer a benefit on the authors or on any organization with which the authors
are associated.

objectively evaluating the briskness, velocity, or symmetry. The use
of a special hammer, which triggers the sweep on contact, allows
recording of the electrical counterpart, the T reflex, which enhances
its diagnostic yield by quantitating the response.

As might be predicted from studies of the H reflex in the hand
and leg muscles,® a voluntary contraction of the target muscle
should improve the consistency of the T-reflex recordings by
increasing the excitability of the corresponding alpha

0003-9993/13/$36 - see front matter © 2013 by the American Congress of Rehabilitation Medicine
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motoneurons through descending volitional inputs.s’6 A back-
ground contraction also reduces the response variability by
“clamping” motoneuron excitability at a standard level.” The use
of an averaging technique defines the reflex latencies by differ-
entiating the time-locked responses from randomly discharging
motor unit activities.®® These principles help standardize T-reflex
testing in a wide variety of axial and limb muscles for clinical
use, 1012

The present study attempts to establish a normative range of
variability of the T reflexes elicited by a standardized method, and
to verify its diagnostic utility in patients with unilateral CR.

Methods

We studied 160 limbs from 80 healthy subjects (50 men) evenly
distributed across decades of age from 21 to 79 years (mean, 43y),
and 12 consecutive patients (8 men) aged 40 to 75 years (mean,
53y) seen in our institute from November 2005 through September
2006 with an established diagnosis of CR involving a single root.
All subjects agreed in writing to participate in the study after
reading an informed consent.

A special rubber reflex hammer was constructed for triggering
the sweep on contact with a piece of copper tape placed at the
tip.!"'? To standardize the strength of the blow of a tap delivered
manually, the hammer contained a sensor”® for detection of peak
acceleration at the moment of contact. The value was displayed in
the bar graph indicator of a light-emitting diode with peak hold
circuit, allowing the examiner to adjust the blows close to a level
of 8¢ (78m/s?), ranging from 5.3 to 10.6g. Taps falling outside this
level of strength were automatically rejected, triggering no sweep
(fig 1).

T reflexes were recorded with subjects seated comfortably on
an adjustable armchair in a quiet room. A pair of disk electrodes
(NE-132Bb), 11mm in diameter, was placed over the motor point
of the target muscle as an active electrode and on the tendon or the
neighboring bone as a reference electrode. The skin was prepared
with an abrasive solution to reduce the impedance.

Voluntary background electromyographic activity of the
muscle registered by these recording electrodes was simulta-
neously fed into a real-time integrating electromyographic ana-
lyzer,® detailed previously.® In short, the device served to quantify
the isometric muscle tension by electromyographic waveform
rectification followed by integration with a sampling rate of
640 per second. A digital readout of the integral for voluntary
electromyographic activity to the nearest 500ms, displayed every
100ms, allowed the subject to adjust the force to 10% to 20% of
the maximum effort (see fig 1).

The test muscles consisted of the biceps brachii (BB), the
brachioradialis (BR), the triceps brachii (TB), and the first dorsal
interosseous muscle (FDI) for C5, C6, C7, and C8 nerve root
functions'* (fig 2). An evoked response analyzer (Neuropack
MEB-9100°) with a frequency response of 20Hz to 3kHz regis-
tered 2 traces to confirm consistency. Each test set comprised an

List of abbreviations:

BB biceps brachii
BR brachioradialis
CR cervical radiculopathy
FDI first dorsal interosseous muscle
MRI magnetic resonance imaging
TB triceps brachii

Real-time integrating
electromyographic analyzer

Evoked response
analyzer

Fig 1  Schematic drawing of the T-reflex recording from the
voluntarily contracted FDI. Mechanical taps were applied to the
distal interphalangeal joint of the index finger using a special
rubber reflex hammer with a piece of copper tape placed at the tip
for triggering the sweep on contact with the copper tape placed on
the tapping site. Electromyographic activity registered by a pair of
disk electrodes was fed into both an evoked response analyzer for
the T-reflex recording and a real-time integrating electromyographic
analyzer for quantifying background voluntary electromyographic
activity.

average of 10 summated potentials for BB, BR, and TB, and 50 to
100 for FDI.

We measured onset latency and negative peak amplitude from
the baseline and calculated side-to-side latency difference and
amplitude ratio, dividing the smaller response by the larger
response in healthy subjects, and the affected side by the unaf-
fected side in patients.

Values were given as mean + SD for statistical analyses by
SPSS software, considering P<.05 as significant.

Results
Normal T-reflex values

In 80 healthy subjects, standardized mechanical taps elicited T
reflexes 100% of the time for BB and BR, 97% for TB, and 95%
for FDI. Measurements (mean £ SD) included (1) right- and left-
sided onset latencies of 16.14+1.7ms and 16.1+1.7ms for BB,
20.7£1.6ms and 20.541.6ms for BR, 17.14+1.6ms and
17.04+1.5ms for TB, and 32.6+3.8ms and 32.5+3.8ms for FDI;
and (2) right- and left-sided amplitudes of 699+363uV and
6844358,V for BB, 2474+158uV and 2604150uV for BR,
4124215V and 427+£255pV for TB, and 2004+125pV and
179488V for FDI. Statistical analyses showed no difference
(P>.05) in latency and amplitude between the 2 sides (table 1).

As expected, the T latency had a significant correlation with
arm span and age for BB (r=.46 and .44), BR (r= 41 and .54),
TB (r=.56 and .21), and FDI (r=.42 and .37) (all P<0001)
(table 2). Arm span was measured using a tape measure from one
end of the tip of the middle finger to the other with the subjects’
arms extended sideways at 90°.

Analyses using a simultaneous multiple regression line for arm
span and age yielded the following formulas for T Ilatency,

www.archives-pmr.org
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Fig 2  T-reflex studies of the BB (A), the BR (B), and the TB (C)
evoked by muscle stretch induced by mechanical taps to the respec-
tive tendons. The recording leads consist of an active electrode (G1)
placed over the motor point of the target muscle and a reference
electrode (G2) placed over the lateral epicondyle of the humerus for
the BB and the BR, and the olecranon for the TB.

showing a higher correlation coefficient than using a single vari-
able (all P<.0001):

e BB T-latency = .05 x age (y) + .10 x arm span (cm) + 2.34
(R=.68)

e BR T-latency = .05 x age + .09 x arm span + 4.36 (R=.72)

e TB T-latency = .03 x age + .10 x arm span + .52 (R=.62)

e FDI T-latency = .09 x age + .20 x arm span + 4.05 (R=.61).

www.archives-pmr.org

Based on a 95% confidence interval, the upper limits of the
values predicted from age and arm span are as follows:

BB T-latency = .06 x age -+ .08 x arm span + 1.43
BR T-latency = .06 x age + .07 x arm span + 7.66
TB T-latency = .04 x age + .08 x arm span + 3.09
FDI T-latency = .12 x age + .15 X arm span + 4.94.

Calculation based on side-to-side latency differences (mean +
SD) in 80 healthy subjects—0.4£0.4ms (range, 0—1.7ms) for
BB, 0.3£0.3ms (range, 0—1.6ms) for BR, 0.4+0.4ms (range,
0—1.4ms) for TB, and 0.54+0.6ms (range, 0—3.8ms) for
FDI—yielded the following upper limits, defined as the mean + 2
SDs: 1.2ms for BB, 0.9ms for BR, 1.2ms for TB, and 1.7ms for
FDI (see table 1).

Similarly, calculation based on side-to-side amplitude ratios,
dividing the smaller by the larger T-reflex amplitude—82%+14%
(range, 48%—100%) for BB, 71%=+19% (range, 23%—100%) for
BR, 74%=+19% (range, 31%—100%) for TB, and 76%+16%
(range, 36%—100%) for FDI—yielded the following lower limits,
defined as the mean — 2 SDs: 54% for BB, 33% for BR, 36% for
TB, and 44% for FDI (see table 1).

T-reflex study in patients

All 12 patients had a unilateral single cervical root lesion based on
clinical symptomatology, magnetic resonance imaging (MRI)
evidence of root compression, or diagnostic block of selective
nerve root sheath injected with local anesthetic under fluoroscopic
guidance. Weakness of upper limb muscles in a myotomal
distribution helped localize the root lesion in 7 patients. MRIs
revealed a distinct disk herniation or foraminal stenosis with
a varying degree of disk bulge in 6 patients each. Selective nerve
root block inducing substantial but temporary relief of pain
delineated the root involved in 7 patients. Altogether, 2 patients
had a C5 root lesion; 3, a C6 root lesion; 5, a C7 root lesion; and 2,
a C8 root lesion (table 3).

The T reflex was either unelicitable or delayed in latency on
the affected side in all patients. Table 3 summarizes latency,
latency difference, and amplitude ratio in individual patients.
Side-to-side comparison also showed latency differences or
amplitude ratios outside the normative limits in all but 1 patient. In
2 patients with a C5 lesion, the BB reflex showed a latency
difference of 2.6ms and 9.2ms, and an amplitude ratio of 29% and
63%. In 3 patients with a C6 lesion, the BR reflex showed
a latency difference of 6.6ms, 2.6ms, and 3.1ms, and an amplitude
ratio of 50%, 99%, and 45%. One of these patients also showed
a TB reflex abnormality with a latency difference of 2.4ms
(case 5). In 4 of 5 patients with a C7 lesion, the TB reflex showed
latency differences ranging from 1.7 to 3.5ms (except for case 8 in
which the TB reflex was unelicitable), and amplitude ratios from
0% to 30% (fig 3). In the remaining patient, the TB reflex revealed
no side-to-side abnormalities (case 6). In 2 patients with a C8
lesion, the FDI reflex showed a latency difference of 8.1ms and an
amplitude ratio of 42% in 1 patient and an absent response in the
other (see table 3).

Collectively, analyses of side-to-side comparison in all 12
patients revealed a sensitivity of 92%, a specificity of 81%, and an
accuracy of 83%. Corresponding values were 100%, 70%, and
75% for a C5 lesion by the BB reflex; 100%, 78%, and 83% for
a C6 lesion by the BR reflex; 80%, 71%, and 75% for a C7 lesion
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by the TB reflex; and 100%, 100%, and 100% for a C8 lesion by
the FDI reflex.

Discussion

Over the past 20 years, only a few studies have dealt with the
diagnostic value of T reflexes recorded from the upper limb
muscles. Schott and Koenig!® originally reported the usefulness of
the BB and the TB reflexes in unilateral cervical lesions. Kur-
uoglu and Oh,'¢ studying healthy subjects, reported an inability to
consistently elicit the T reflex from the TB, unlike the soleus and
the rectus femoris reflexes elicitable in every subject. Pereon
et al'” also studied healthy subjects using a hammer fitted with
a spring switch—triggered device. In this method, the inertial
force of a built-in microswitch and the elastic compliance of the
rubber cause a delay in triggering the sweep after impact. This, in
turn, shortens the T-reflex latencies by as much as 4ms compared
with a direct hammer—skin (strictly speaking, copper to copper)
contact triggering system used in the present study.“'12 More
recently, with this externally triggered hammer—skin contact
setup, Baker'® reported a T reflex from the flexor digitorum
profundus evoked by tapping the thenar eminence as a novel C§
stretch reflex.

In contrast to previous studies conducted with the test muscles
at rest, we elicited T reflexes during voluntary contraction at 10%
to 20% maximal effort to improve consistency. A real-time inte-
grating electromyographic analyzer was used to standardize the

degree of facilitation. The device automatically rectifies and
integrates the voluntary electromyographic waveform registered
by the same electrodes used to record the T reflex, and displays the
normalized value of the integral every 100ms. Although the
electromyographic signal—force relationship is not as linear in the
BB as in the FDL'>% the device nonetheless provided an easy
way of maintaining a steady muscle contraction during
the procedure.

In our setup, a mechanical tap externally triggers the sweep
on hammer—skin contact,''® which obviates the inertial
force—related delay and the time variability of a built-in
microswitch in triggering a sweep (see fig 1). Therefore, T-
reflex latencies measured by this method slightly exceeded the
values previously reported. The use of voluntary facilitation
probably had no major effects on the T-reflex latencies, as evi-
denced in the H-reflex study of the flexor carpi radialis with the
muscles relaxed or contracted.” In this case, the voluntary
contraction should be of mild to moderate strength because
strong contractions significantly alter the stiffness of tendon and
muscle and, thereby, the degree of stretch rendered to the
spindle endings."!

We have chosen 4 target muscles to assess the functional
integrity of roots from C5 to C8 on the assumption that the BB is
predominantly innervated by C5 and C6, the BR by C6, the TB by
C7, and the FDI by C8 and T1."* Instead of the BR, the pronator
teres or the extensor carpi radialis may serve for testing C6 root
function.’*1*> A C8 reflex recently reported by Baker'® was not
used in the present study because this reflex is more complex in

www.archives-pmr.org
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that it depends on the synaptic connections between primary
afferent fibers from the flexor pollicis longus and motor neurons
innervating the heteronymous muscles (the long finger flexors,
etc). Instead, we tested the FDI as a C8-innervated muscle, 212224
which is frequently involved in C8 nerve root compression.*

The T-reflex latencies, as expected, showed a high correlation
with age and arm span in healthy subjects, which enabled
a simultaneous regression analysis to predict the upper limits of
normative values adjusted to these 2 functions. In assessing
a unilateral lesion, a comparison of the 2 sides generally provides
the most sensitive measure of the T or H reflex recorded from the
soleus.>?” The same principle applies to our data, which revealed
high sensitivity (92%) and specificity (81%) despite myotomal
overlaps, in assessing a unilateral single cervical root lesion. In
particular, T-reflex studies helped evaluate the patients with the
sole complaint of upper limb pain as in cases 4, 5, 8, 9, and 10 (see
table 3 and fig 3). In addition to side-to-side latency comparison,
absolute latency values often exceeded the upper limit predicted
from age and arm span. Thus, by inference, this method can also
serve as a diagnostic measure for bilateral cervical lesions.

Our study confirms the clinical value of the standardized T reflex
in assessing axon loss and motor and IA afferents conduction
abnormalities.”® Viewed in this light, T reflexes, which assess both
afferent and efferent pathways, complement needle electromyog-
raphy to improve the electrodiagnosis of cervical root lesions,
which rarely affect the motor fibers selectively.! Noninvasive T-
reflex testing has an advantage over an invasive procedure of
selective nerve root block to verify the root of interest for surgical
intervention. In the clinical domain, the practical usefulness of this
test would be if it can localize the radicular lesions in the patients
who have neither motor nor sensory deficits on physical examina-
tion, nor abnormalities on needle electromyography. This point
requires further study on a group of such patients.

Study limitations

There are some limitations to our study. First, T-reflex latencies
and amplitudes were measured by 1 investigator, so that interob-
server agreement was not confirmed. Second, electromyography
was performed in only a few patients who agreed to have a needle
study, which precluded the comparison between T-reflex and
electromyographic values in assessing a unilateral single cervical
root lesion. Third, we developed a special reflex hammer that
contained a sensor which standardizes the strength of the blow of
a tap delivered manually. This device, however, is not commer-
cially available at the moment, which may partially preclude other
investigators from reproducing our technique. This study none-
theless contributes toward reassessment of the potentially useful T
reflex as an electrodiagnostic technique.

Conclusions

Based on the data in 80 healthy subjects, the present study estab-
lished a normative range of variability of the T reflexes elicited
from the BB (C5), BR (C6), TB (C7), and the FDI (C8) during
standardized volitional contraction monitored by a real-time inte-
grating electromyographic analyzer. Comparison of the T-reflex
latencies and amplitudes between the 2 sides localized the C5 to C8
solitary root lesions in 12 patients with a high sensitivity (92%),
specificity (81%), and accuracy (83%). In addition to side-to-side
comparison, the absolute latency values of the T reflexes, if
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Fig3  TheT reflexes recorded bilaterally from the BB (A), BR (B), TB (C), and FDI (D) in a 57-year-old patient with left (7 radiculopathy (case 8).
Selective C7 nerve root block under fluoroscopic guidance inducing substantial relief of pain helped localize the root lesion, although the patient had
no weakness or wasting of upper limb muscles to aid in diagnosis. Side-to-side comparison of the T reflexes showed latency differences or amplitude
ratios within the normative limits for all responses except for the triceps reflex, which was unelicitable on the affected side.
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Abstract

A multi-center study was designed to clarily the course of future neurological deterioration in
putients with asymptomatic ossification of the posterior longitudinal ligament (OPLL). A total of
109 asymptomatic subjects with OPLL from 17 spinc institutes nationwide were followed for an
average of 11.3 years. Factors related to development of myelopathy were investigated by logistic
regression analysis. A totat of 27/109(24.8% } subjects developed myelopathy during fotlow-up.
All patients with greater than 60% spinal canal stenosis in the plain radiographs developed
myelopathy. The range of motion of the cervical spine was significantly larger in patients with
myclopathy than in those without it. The patients with less than 60% spinal canal stenosis who
developed myelopathy without cervical trauma history had lateral deviated-type OPLL in 94% of
cases. These risk factors for development of myelopathy in subjects with asymptomatic OPLL
presented by this study should be considered when asymptomatic subjects with OPLL were
followed conservatively.

Key words * ossification of the posterior longitudinat ligament (OPLL), cervical spine, maximum spinal

canal stenosis, computed tomography, axial ossificd pauern, logistic regression anatysis

INTRODUCTION

Ossification of the posterior longitudinal ligament
(OPLL) is a hyperostotic condition of the spine
associated with severe neurological deficits' ™', Myelo-
pathy in patients with OPLL is generally considered to
be caused by compression of the spinal cord due to
ossification of the ligaments. However, some patients
with large OPLL do not exhibit myelopathy for a long
period of tim¢”. In contrast, somc patients with
relatively small OPLL exhibit myelopathy”. The
pathomechanism of the development of myelopathy in
patients with OPLL remains unclear. It is difficuit to
predict the course of future neurological deterioration
in patients with asymptomatic OPLL. We have
designed a multi-center cohort study to identify the
predictors of the development of myelopathy in
patients with OPLL.

SUBJECTS AND METHODS

A wtal of 109 OPLL patients (66 male and 43
female) from 17 spine institutes nationwide enrolled in
this study. Retrospective chart review was performed
to form a cohort study. All subjects met the following
criteria for enrollment : (1) radiographic evidence of

OPLL in the cervical spine, {2) asymptomatic OPLL at
the initial examination associated with a minimum five
years follow-up, and (3) agreement from the patients
and approval from each institutional review board to
use clinical data for this study. The term “asympto-
matic” was defined as indicating that the patients did
not exhibit apparent myelopathy. Evidence of myelop-
athy was determined by subjective and objective
findings including spastic gait, muscle atrophy,
weakness, motor dysfunction of the hand, abnormal
tendon reflex of the upper and lower extremities,
pathological reflexes, clonus and sensory disturbances
by direct examination, All subjects with myelopathy
had disabilities affecting their daily lives. Subjects who
had stiffness of the neck and a limited range of motion
of the cervical spine were included in this study, All
subjects had yearly clinical examination at each spine
institutes. Age at the first visit of subjects ranged from
41 o 84 with an average of 59.8 years old, OPLL was
classified into three lypes according to the Japuanese
Ministry of Health, Labour and Welfare® : segmental,
33 cases + continuous, 38 cases + and mixed 38 cases.
The follow-up periods ranged from 5 to 26 years (mean
11.3 years). The clinical characteristics of envolled
subjects are summarized in Table 1. Each subject
underwent plain radiograph, CT, and MRI of the
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Table 1 Clinical characteristics of enrolled sub-

jects

Number of institutes 17
Number of subjects 109
Gender Male : 66 ; Female « 43
Age at the first visit(yr)  41-84(mean 59.8}
Follow-up periods (yr) 5-26{mean 11.3)
OPLL type”

Segmental type 33

Continuous type 38

Mixed type 38

* Classification by the Investigation Committee on
the ossification of the posterior longitudinal liga-
ments of the Japanese Ministry of Public Health,
Labour and Welfare

cervical spine at the initial examination. The range of
motion {ROM ) of the cervical spine was determined by
using flexion-extension plain radiographs. The angle
between Cl and the inferior margin of C7 was
measured on a plain radiographs. The ROM was
estimated as the total of angles of maximum flexion
position and maximum extension position.
Myelopathy-free rate during the follow-up periods was
calculated by Kaplan-Meier method”. The trauma
history of the cervical spine, gender, age at first
examination, OPLL type on plain radiograph, length of
follow-up period, maximum percentage of spinal canal
stenosis in plain radiograph, ROM of the cervical
spine, and axial ossified pattern in MRI or CT were
reviewed in refation to the development of myelopathy
in these asymptomatic OPLL patients during follow-
up. The measurement and classification of ossification
type were performed by three radiologists with blind
review of clinical data.

Statistical analysis

ROM was compared between myelopathy group and
non-myelopathy group by the Student t-test. To
investigate the association between myclopathy group
and other factors, multiple fogistic regression analysis
was performed. These analyses were performed using
SAS Release 9.2(SAS Institute Inc., Cary, NC, USA.).
A significance level of 0.05 was used for all statistical
tests.
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Figure 1 Myelopathy-free rate of asymptomatic sub-
jects with OPLL by the Kaplan-Meier meth-
od. The bold line indicates the data of
subjects with less than 60% spinal canal
stenosis. The dotted line indicates the data
of subjects with greater than 60% spinal
canal stenosis.

RESULTS

A total of 27/109 (24.8%) subjects developed
myelopathy during follow-up. The remaining 82
patients did not exhibit myelopathy throughout the
follow-up periods with a minimum of 5 years. Six of
27 subjects who exhibited myelopathy had trauma
history. Of the 6 subjects, 5 had mixed-type OPLL,
and one had segmental-type OPLL. The types of
trauma reported included three falls on stairs, two
severe whiplash injuries, and one accidental head
contusion. All five patients with greater than 60%
spinal canal stenosis in the plain radiograph developed
myelopathy within 15 years of follow-up. The
myelopathy-free rate was shown by the Kaplan-Meier
method (Figure 1). The myclopathy-free rate of
subjects with less than 60% spinal canal stenosis was
66% at the maximum 26 years of follow-up. Among
the 104 subjects with less than 60% spinal canal
stenosis, ROM of the cervical spine in subjects with
myelopathy was significantly larger than that in those
without it {Table 2). On the basis of CT and MR, the
axial ossified pattern could be classified into two
types : central and lateral deviated, The determination
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Table 2 The range of motion of the cervical spine in 104 subjects with less than

60% spinal canal stenosis

Development of myelopathy  Not development of myelopathy

Factor (22 subjects) (82 subjects) p Value
ROM 58.8%10.2 372%125 0.008
{degree)

Results are expressed as mean = standaid deviation
ROM * range of motion of the cervical spinc measured by the plain X-ray film

examination.

Figure 2 Classification of the axial ossification pattern on CT

A tcentral-type B ¢ lateral deviated-type
The lines indicate that width of vertebra canal is divided imto theee

cqual parts,

of the types is explained as follows. The central-type
was defined as that in which the most occupied portion
of OPLL was located within the middle one third of the
width of the vertebral canal on the axial CT or MRI
{Figure 2A). The lateral deviated-type was defined as
that in which the most occupied portion of OPLL was
located outside middle one third of the width (Figure
2B). Among 98 subjects with less than 60% spinal
canal stenosis without trauma history, the lateral
deviated-type OPLL was found in 48 cases, and the
central-type OPLL was found in 50 cases. The subjects
who developed myelopathy and without cervical a
trauma history had lateral-deviated type OPLL in 94%
(15/16) of the cases. The subjects who did not develop
myelopathy had lateral-deviated type OPLL in 40%
(33/82) of the cases. The sensitivity of lateral
deviated-type OPLL for development of myelopathy
was 949 and the specificity was 60%.

Age at the initial examination, gender, classification
of OPLL, history of trauma on the cervical spine,
maximum spinal canal stenosis, range of motion of the

cervical spine, and axial ossification type on CT or
MRT were analyzed using univariate and multivariate
logistic models to investigate the association with the
development of myelopathy in asymplomatic subjects
with OPLL. From results of univariate logistic
regression analysis, the significant risk factors for
myelopathy were OPLL type (mixed and continuous
type). large ROM of the cervical spine, lateral-
deviated type OPLL on CT, and maximum spinal canal
stenosis ratio (Table 3). Multivariate logistic regres-
sion analysis revealed the same results as univariate
analysis (Table 4). Probabilities of myelopathy pre-
dicted by the multivariate logistic regression model
had 87% accuracy to observed myelopathy data.

DISCUSSION

All published research on the relationship between
the occurrence of myelopathy and radiographic
findings was performed by single research center using
plain radiographs of the cervical spinc. Our study was

Journal of Spine Research  Vold No.2 2013 19

—734—



Table 3 The results of univariate logistic regression analysis of the development of myelopathy

Development of

Factor Myclopathy Crude Odds Ratio
Yes No OR  95% Wald CI  P-value
Gender Male 18(27.7) 47(72.3)
Female 9{205) 35(795) 0671  0.270-1.671 0.3920
Age <65 18(32.1) 38(67.9)
{yrs) > =65 9(17.0) 44(83.0) 0432 0.174-1.073 0.0706
Mean 28D 55686 61391 0979 0.932-1.028 0.3960
‘Type of OPLL Segmental 4(121)  29(87.9)
Mixed 18(47.4) 20(62.6) 6536 191922222  0.0002
Continuous 5(13.2)  33(868) 1.099  0.269-4.484 0.1405
Trauma History Negative 21421.9)  75(78.)
Positive 6(46.2) 7(538) 3062 0.929-10.095  0.0660
ROM <50 7{17.9) 32(82.1)
(degree) > =50 20(28.6) 50¢714) 1829  0.694-4.816 0.2219
Mean= SD 554%129 447x129 1082 1.033-1.135 0.0010
Axial OPLL type Central 8(14.8)  46(85.2)
Lateral deviated  19(34.5)  36(655) 3036  1192.7.723 0.0198
Maximum Canal <60 22(21.2)  82(78.8)
Sten:)sis >=60 5(100.0)  0(0.0) - -
(%) Mon=SD  456%111 384108 1062 LOIS-L10D  0.0051
ROM : range of motion of the cervical spine, SD : standard deviation, OR  odds ratio, CI * confidence
interval

Table 4 The results of multivariate logistic regression analysis of the development of myelopathy
QOdds Ratio

Analysis of Maximum Likelihood Estimates

Factor DF Estimate SE  Wald ChiSq P-value  Estimate 95% Wald CI
Intereept B 1 -17.003 3682 21325 <.0001
Type of OPLL  Mixed B 1 1.004 0444 5.108 0.0238 3863  0.641-23.269
Continuous B 1 -0656 0517 1.614 0.2039 0.734 0.099-5.462
ROM {degree) B 1 0153 0040  14.566 0.0001 1165 1.077-1.260
Axial OPLL type Lateral deviated 8, 1 1.001 0405 6.119 0.0134 7.396  1,515-36.101
Maximum Canal Stenosis{%) B 1 0.186 0047 15716 < 0001 1.205  1.099-1.321

ROM : range of motion of the cervical spine, DF : degree of freedom. SE ! standard error, ChiSq * Chi-Squared, CI
confidence interval

designed as a nationwide multi-center study based on
definite inclusion criteria.

Matsunaga et al examined the natural course of 450
OPLL patients with an average of 17.6 years of follow-
up”. Myelopathy was originally identified in 127
patients, and 55(17%) of the remaining 323 patients

120

without original myelopathy exhibited myelopathy
during the follow-up interval. The authors reported that
all OPLL patients with a residual spinal canal less than
6mm developed myelopathy during follow-up®. Harsh
et al reported that the critical level of the residual
spinal canal for the development of myelopathy in
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patients with OPLL was 9mm®. However, the
measurement of the residual spinal canal depended on
the X-ray tube-film distance and this distance was not
the same in all studies. It has been reported that all
OPLL patients with 60% or greater maximum stenosis
of the spinal canal as a result of ossified ligaments
exhibited myelopathy regardless of the history of
cervical trauma’. On the basis of postmortem
examinations, Kameyama et al reported that irreversi-
ble cord damage developed in patients with 40% or
greater maximum stenosis of the spinal canal'”. The
static compression factor of the spinal cord seems to be
a radiographic predictor of the development of
myelopathy. The presented study revealed that spinal
canal stenosis greater than 60% in a plain radiograph
was a risk factor for the development of myelopathy in
OPLL. '

OPLL patients with less than 60% spinal canal
stenosis, dynamic factors should be considered for the
occurrence of myelopathy. A large range of motion of
the cervical spine was a risk factor for the development
of myetopathy. Similarly, Morio et al also previously
noted the cxistence of dynamic factors related to the
development of myelopathy in patients with OPLL"",

Severe myelopathy can be induced by cervical
trauma in patients with OPLL. However, previous
study revealed a low incidence of trauma-induced
myelopathy in patients with OPLL by a long-term
follow upg'. In the current study, only six subjects
developed myelopathy by cervical trauma. We could
not determine the risk factor for trauma-induced
myelopathy because of a limited number of cases.

On the basis of CT and MRI examinations, we
classified the axial view OPLL pattern into two types -
central and lateral deviated. The former retrospective
study also revealed that the paticnts with lateral
deviated-type OPLL developed myelopathy more
frequently than the patients with central-type OPLL'.
In this study, subjects with less than 60% spinal canal
stenosis who developed myelopathy without cervical
trauma history had lateral deviated-type OPLL in 94%
(15/16) of the cases. We could not determine why

Journal of Spine Research

patients with lateral deviated-type OPLL exhibited
significantly higher myelopathy than patients with
central-type OPLL. Biomechanical factors for the
spinal cord might influence the pathomechanism. The
distribution of strain into the spinal cord is different in
the central-type compression to lateral deviated-type
compression. The impairment of the neurological tract
might be different as a result of the compression
pattern of the spinal cord.

The risk factors for development of myelopathy in
subject with asymptomatic OPLL were proposed by
the current logistic regression analysis. The accuracy
of this analysis was 87% and we might predict
development of myclopathy by checking the radio-
graphic risk factors. We think that this study can give
useful information on management of subjects with
asymptomatic OPLL. However, we could not deter-
mine whether cervical trauma is a risk factor of
development of myelopathy or not. This is limitation
of the current study and we need further prospective
study for large number of patients to determine the risk
factors for development of myelopathy in subjects with
asymptomatic OPLL.
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