Suprascapular n.

-

Musculo-
cutansous n,

Radial n.
Ulnar n.

B 2 BeEsoEy
BREEOSERENEES O TR GROATEREATVE

TLTw 254 Co MMikE Fif), TELTw
BE Co BMEE (B1f) 222 5. SFCRER
LT CSA © 3EMIE T XCHAREE
(+HIIREE) Cho72 bbby, MEOREE
BIEFLIEREZEZTWS,

g, A, LT, ZHEE B,
MEPS, FEREERE, £/, SR L e
B DV TR L HFHMET 5. BHRERED
W, T ED E EAGOFMIEE L 2
5. EHE CSA T, EETHREST LT E
BEZBEAS & EA MR T4 5. — FRBEEE Tl
EETHS.

2. BREERELCOVT

1) £ CMCT (central motor conduction time

PIRETHREE)

WEEREME L, REESIT/NENERT
(abductor digiti minimi : ADM) OFHEHd2
BR GEBITRICTIEEBRZMM L REW
BEFHHBTHEALECERMEL, ADM »5
CMAPs (M) & FEHEZERLZ. KIC ADM
CHENEETMA KRB CEEEERMEL.
ADM 2°6 MEPs 2 BH L7z, UToR%H

WCMCT &M L7 CMCT=MEPs &% -~
((CMAPs &8 + F ER-1)/2).

Kaneko 53, CMCT R EHHBHBENE
WX HETHOIERICFERLL, CMCT EF®
fE% 5.2x1.1lms E|E L7 bhbilid,
CMCT 6.3 ms Pl HZEBFMBEES H LW
L7z, R# ¥, BHEHEEEI 25—
FARE LB D WTHAE L, SR (R EEHE)
BELFTLEMITCIRBERESE (ig) %
FTALHELA oz bds, bhbhik
CMCT 6.3ms Bl EChhiE, MAEEELETS
EFLZEZ/ —F, CMCT 6.3msRiFETHih
& HREEEE

2) CMAPs (compound muscle action poten-

tials © HAEEEEL)

BRUMAIIHE LE EbR) L L, B8R
BIE=ZAD, LR _ESE=ERL L BE8E
BlizowT, EEREVWTRLHiERRE L
FHEEBER=ZARBCIIEE, EHM-EHTIRER
BV L, EMEESCREEE L BE=
A, LR ZHEGH O CMAPs M L
Fo. RIBIEER> SBERER T T L
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Z ORI RARRE B OB R Bl 5
FDO7z, BEEAPKENETFTENI VI EHT
BaEh, WIPSWEFEINBEN EFFHESR
5.

@nife + FHREE (CMCT 6.3ms BLt) 0

Aon
=

BMOFHNPIER Th o TH CMAPs IRIFA
BT LT AERMIEHFET A, Sharrard™ i3 Y
T RBE T VIOREBEAREY 6, W R A
4% EH L, BHHREETH S ERE LI
2FY, HBHAPEEThHo THAABEIEES
A, ZOBE, EA CMAPs ZET L, subclini-
cal LR ABEOBRELFMT L2 TE 5,
RRLERE (R, FBREMEEEOER & 12E
BHLOBREGVPELRS (H 4).

QORI EMME (CMCT 6.3 ms £ili) OB&

BALEHAERERTRE, BEEOBRES
Ews 5 —F BABEENS LT A
CMAPs BB ABEORE Y B UEMLIE
BELEZIIC O BEREEEE LAFRC

WA -+ TiRERE AL 32.0%

vl A -
i
BAICMAPSIRIEET HEICMAPSIRIEET
Deltoid: 1.6mV 5.0mv

4 #%+AREEIC ST 3 CMAPs IREEOERILL
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i, RO CMAPs #RIBINE S 2 E 5k & {81
ERDIZA VI EPEERL LTHo 72720 TH
2™ Funaba 6%71, WE% 8 L£0=AM, L
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B HT AR E L B L7

L8 CMAPs #81E =0.561 X L =B
CMAPs RIE+1.91 mV

= CMAPs ¥R IE =0.52x £ I — 55 #
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B, KZEWH, MEPME, ADMICfTo A, K2
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3. BHEMRIEOWVT

MRI & CT myelography Ti¥, BRERRE
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Wh,
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Biomechanical analysis of cervical myelopathy due to ossification
of the posterior longitudinal ligament: Effects of posterior
decompression and kyphosis following decompression

NORIHIRO NISHIDA, TSUKASA KANCHIKU, YOSHIHIKO KATO, YASUAKI IMAJO,
YUICHIRO YOSHIDA, SYUNICHI KAWANO and TOSHIHIKO TAGUCHI

Department of Orthopedic Surgery, Yamaguchi University Graduate School of Medicine, Ube, Yamaguchi 755-8505, Japan

DOI: 10.3892/etm_XXXXXXXX

Abstract. Cervical ossification of the posterior longitudinal
ligament (OPLL) results in myelopathy. Conservative treat-
ment is usually ineffective, thus, surgical treatment is required.
One of the reasons for the poor surgical outcome following
laminoplasty for cervical OPLL is kyphosis. In the present
study, a 3-dimensional finite element method (3D-FEM)
was used to analyze the stress distribution in preoperative,
posterior decompression and kyphosis models of OPLL. The
3D-FEM spinal cord model established in this study consisted
of gray and white matter, as well as pia mater. For the preop-
erative model, 30% anterior static compression was applied
to OPLL. For the posterior decompression model, the lamina
was shifted backwards and for the kyphosis model, the spinal
cord was studied at 10, 20, 30, 40 and 50° kyphosis. In the
preoperative model, high stress distributions were observed in
the spinal cord. In the posterior decompression model, stresses
were lower than those observed in the preoperative model.
In the kyphosis model, an increase in the angle of kyphosis
resulted in augmented stress on the spinal cord. Therefore, the
results of the present study indicated that posterior decompres-
sion was effective, but stress distribution increased with the
progression of kyphosis. In cases where kyphosis progresses
following surgery, detailed follow-ups are required in case the
Symptoms worsen.

Introduction
Ossification of the posterior longitudinal ligament (OPLL)

is recognized as a common clinical entity that results in
compression myelopathy of the cervical spinal cord. Since

Correspondence to: Dr Norihiro Nishida, Department of
Orthopedic Surgery, Yamaguchi University Graduate School of

Medicine, 1-1-1 Minami-Kogushi, Ube, Yamaguchi 755-8505, Japan

E-mail: nishida3@yamaguchi-u.ac.jp

Key words: ossification of the posterior longitudinal ligament,
cervical myelopathy, finite element method

conservative treatment for severe myelopathy caused by OPLL
is usually ineffective, surgical treatment is selected for the
majority of cases. Decompressive surgical procedures for
OPLL-associated cervical myelopathy are divided into those
using an anterior or a posterior approach. Iwasaki et a/ (1) iden-
tified that laminoplasty was effective and safe for the majority
of OPLL patients that had an occupying ratio of OPLL <60%
and with plateau-shaped ossification. However, neurological
outcomes following laminoplasty for cervical OPLL were
poor to fair in patients with an occupying ratio of >60% and/or
hill-shaped ossification (1). One of the factors associated with
poor surgical outcomes following laminoplasty for cervical
OPLL is kyphosis (1,2). '

Clinical results from patients treated with the posterior
approach have been previously reported (1,2). However, to
date, there have been no studies focusing on the stress distribu-
tions of posterior decompression for cervical OPLL and the
effects of kyphosis. In the present study, a 3-dimensional finite
element method (3D-FEM) was used to analyze the stress
distributions of posterior decompression, as well as kyphosis,
in a spinal cord with cervical OPLL and hill-shaped ossifica-
tion.

Materials and methods

Spinal cord models. Abaqus 6.11 (Dassault Systemes Simulia
Corporation, Providence, RI, USA) finite element package
was used for FEM simulation. The 3D-FEM spinal cord
model established in this study consisted of gray and white
matter, as well as pia mater (Fig. 1). To simplify calculations
in the model, the denticulate ligament, dura and nerve root
sheaths were not included. The pia mater was included since
it has been previously identified that the spinal cord with
and without this component shows significantly different
mechanical behavior (3). The spinal cord was assumed to
be symmetrical around the mid-sagittal plane; therefore,
only half the spinal cord required reconstruction and the
whole model was integrated by mirror image. For computed
tomography-myelography (CTM) measurement, the vertical
length of the spinal cord was two vertebral bodies (~40 mm).
The lamina model was established by measuring CTM and
magnetic resonance imaging (MRI) and simulated cervical
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White matter

Pia mater

Gray matter

Figure 1. 3D-FEM of the spinal cord consisting of gray matter, white matter and pia mater. 3D-FEM, 3-dimensional finite element model.

Sagittal

Lamina

Figure 2. Lamina model with hill-shaped OPLL established at the rear of the spinal cord (axial and sagittal view). OPLL, ossification of the posterior longi-

tudinal ligament.

OPLL. A rigid, wide trapezium body with a slope of 30° was
used to simulate cervical OPLL by measuring the MRI of

paper (Fig. 2) (1).

Mechanical properties. The spinal cord consists of three
distinct materials referred to as white matter, gray matter and
pia mater. The mechanical properties (Young's modulus and
Poisson's ratio) of the gray and white matter were determined
using data obtained by the tensile stress strain curve and stress
relaxation under various strain rates (4,5). The mechanical
properties of pia mater were obtained from previous litera-
ture (6). The mechanical properties of hill-shaped ossification
and lamina were stiff enough for the spinal cord to be pressed.
Based on the assumption that no slippage occurs at the
interfaces of white matter, gray matter and pia mater, these

interfaces were glued together. Since there are no data on the
friction coefficient between the lamina and spinal cord, this
was assumed to be frictionless. Similarly, the coefficient of
friction between the hill-shaped ossification and spinal cord
was assumed to be frictionless at the contact interfaces.

The spinal cord, hill-shaped ossification and lamina model
were symmetrically meshed with 20-node elements. The total
number of isoparametric 20-node elements was 11,542 and the
total number of nodes was 66,513.

Compression. In a biomechanical study of static compression
of cervical myelopathy due to OPLL, Kato ez al (7) reported
that a critical point may exist between 20 and 40% compression
of the anterior-posterior diameter of the spinal cord. For the
preoperative model, compression was simulated by cervical
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OPLL with hill-shaped ossification. The lamina was fixed in
all directions and 30% anterior static compression of the ante-
rior-posterior diameter of the spinal cord (median, 20-40%)
was applied by OPLL (1,7). For the posterior decompressive
model, the lamina was shifted back to prevent contact with the
spinal cord under the application of anterior static compres-
sion. For the kyphosis model, the spinal cord was studied at
10, 20, 30, 40 and 50° kyphosis. The extent of stretching the
spinal cord was 20% of the length of the spinal cord indicated
in a previous study (8).

In total, seven compression combinations were evaluated
and in each cross-section the average von Mises stress was
recorded the color-coded made for each stress in the spinal
cord.

Results

Stress distribution in the three models. In the preoperative
model, high stress distributions were observed in all axial
levels of the spinal cord following anterior static compression
(30% of the anterior-posterior diameter of the spinal cord) by
cervical OPLL with hill-shaped ossification (Fig. 3A).

In the posterior decompression model, stresses from ante-
rior compression of the spinal cord were lower compared with
those observed in the preoperative model. However, stresses in
the anterior funiculus slightly increased (Fig. 3B).

For the kyphosis model, stress distribution increased
in the anterior funiculus, posterior funiculus and the gray
matter in proximal and distal OPLL. The stress distribution
also increased in the posterior funiculus and the gray matter
in the center of OPLL. Furthermore, increasing the angle
of kyphosis resulted in increased stress on the spinal cord
(Fig. 3C-Q).

Discussion

The development of myelopathy significantly affects the prog-
nosis of patients with OPLL in the cervical spine. Cervical
OPLL is treated by anterior decompression and spinal fusion
or laminoplasty. Tani ez al identified that postoperative neuro-
logical deterioration occurred following posterior surgery. The
authors indicated that one of factors of neurological deteriora-
tion affectedto decrease in the lordosis of the cervical spine (9).

Masaki et al reported that patients with a poor outcome
following laminoplasty showed larger segmental mobility
of the vertebrae prior to and following surgery. The authors
hypothesized that laminoplasty in patients with massive OPLL
may not lead to sufficient posterior shift of the spinal cord,
resulting in persistent anterior impingement of the spinal
cord by OPLL. In cases where substantial segmental mobility
remains following surgery, it is possible that damage to the
injured spinal cord continues to progress (10).

Iwasaki er al reported that a postoperative change in
cervical alignment was observed in 18% of cases. Their study
indicated that postoperative changes in cervical alignment may
be a reflection of dynamic instability. A poor surgical outcome
following laminoplasty was indicated by newly developed
cervical kyphosis (1).

Using this prior knowledge, the present study investigated
whether the development of kyphosis of the spinal cord

following anterior compression was associated with changes
in stress distribution. The aim was to develop a 3D-FEM
spinal cord model that simulated the clinical situation and
analyzed the clinical condition of the patient. Similarly to
previous studies by Kato et al (7,11,12), Li et al (13,14) and
Nishida ef al (15,16), bovine spinal cord was used in the current
analytical model since it was impossible to obtain fresh human
spinal cord. The mechanical properties of the spinal cord
used in the present study were similar to those used in earlier
studies (4-6). Li er al identified that it was reasonable to use
the mechanical properties of the bovine spinal cord since the
brain and spinal cord of cattle and humans show similar injury
changes (14). For the purpose of the present study, it was there-
fore assumed that the mechanical properties of the spinal cord
from these two species were similar. Persson et al (3) reported
on the division of the spinal cord into pia mater and white and
gray matter. The authors demonstrated that the presence of
pia mater had a significant effect on spinal cord deformation.
Therefore, pia mater was included in the current model in
order to accurately simulate the clinical situation.

In the present study, stress distribution in the spinal cord
increased following static compression by cervical OPLL
with hill-shaped ossification. Stress distribution in the spinal
cord decreased in the posterior decompression model, demon-
strating the effectiveness of this approach. However, in the
kyphosis model, stress distribution increased with increased
angles of kyphosis. Thus, when segmental mobility remains
and cervical alignment changes following posterior decom-
pression, damage to the spinal cord and the progression of
symptoms are likely to occur.

In conclusion, stress analyses were conducted in models
of preoperative compression, posterior decompression and
kyphosis following posterior decompression by cervical OPLL
with hill-shaped ossification.

Posterior decompression was shown to be effective,
however, stress distribution increased with the progression
of kyphosis, indicating that symptoms are likely to worsen.
In cases where kyphosis has progressed following surgery,
particularly those in which the angle of kyphosis is large,
detailed follow-ups should be conducted in case the symptoms
worsen.
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ORIGINAL ARTICLE
Preoperative diagnosis of the responsible level in
CCM using CMAPs: comparison with SCEPs

M Funaba, T Kanchiku, Y Imajo, H Suzuki, Y Yoshida and T Taguchi

Study design: A retrospective study.

Objective: To elucidate the correlation between compound muscle action potentials (CMAPs) amplitudes and responsible level
of compressive cervical myelopathy (CCM), and the accuracy of level diagnosis by using CMAPs.

Setting: This study was conducted at the Department of Orthopedic surgery, Yamaguchi University Graduate School of Medicine, Japan.
Method: A total of 28 patients with CCM were investigated in this study. Erb’s point-stimulated CMAPs were measured from deltoid,
biceps, triceps in all patients as compared with 88 healthy subjects. We performed a level diagnosis on the basis of CMAPs
amplitudes. We performed a level diagnosis on the basis of CMAPs amplitudes and using an index that measures the deviation of
CMAPs amplitudes between triceps and deltoid or biceps.

Results: Significant correlations between the mean CMAPs amplitudes and responsible level were showed for deltoid
(6.82+2.33mV) at C3/4 (P<0.01) and biceps (8.75+4.42mV) at C4/5 (P=0.015). Despite considerable individual variability
in CMAP amplitudes, there were correlations among CMAPs amplitudes for deltoid, biceps and triceps in the same individual. The
sensitivity was 75.0%, specificity 75.0% in the index for diagnosis of C3/4. The sensitivity was 75.0%, specificity 66.7% in the index
for diagnosis of C4/5. ‘

Conclusion: This study showed small CMAPs amplitudes in the deltoid indicated a C3/4 level of myelopathy and in biceps at the C4/5
level and could help exclude clinically silent cord compression and determine the surgical procedure to the suitable level of concern.
Spinal Cord advance online publication, 10 December 2013; doi:10.1038/5¢.2013.149

Keywords: compound muscle action potentials; spinal cord-evoked potentials; cervical compressive myelopathy; level diagnosis;

involvement of cord segment

INTRODUCTION

Magnetic resonance imaging (MRI) can be used to demonstrate
compression of the spinal cord and has an important role for level
diagnosis in cases with compressive myelopathy. However, MRI can
show abnormal findings despite clinically asymptomatic presentation
and therefore it is difficult to determine the responsible level in
patients with multilevel spinal compression, as, for example, in elderly
people. Ossification of the posterior longitudinal ligament may also
occur at several vertebral levels during spinal cord compression, but
not all levels compressed by the ossification of the posterior long-
itudinal ligament lead to symptomatic spinal cord compression.
Spinal cord-evoked potentials (SCEPs) are useful for investigating
the functional integrity of the spinal cord, in spite of MRI evidence of
compression at several levels.)»?

We also reported compound muscle action potential (CMAPs)
amplitudes that were lower than normal values indicated the
involvement of anterior horns.> However, there have so far been no
reports that correlated the responsible level of cervical myelopathy
(CCM) with CMAPs amplitudes.

We hypothesized that preoperative measurement of CMAPs could
be used for level diagnosis of CCM. In the present study, we
correlated CMAPs amplitudes with the responsible level in an attempt
to provide preoperative level diagnosis.

MATERIALS AND METHODS

Patients

A total of 28 patients with CCM (18 with cervical spondylotic myelopathy and
10 with ossification of the posterior longitudinal ligament) were determined by
intraoperative SCEPs to have a single site of conduction abnormalities at the
intervertebral level. Eighteen were men and 10 were women and their average
age was 70.8 years (range; 48-86). All patients underwent cervical lamino-
plasty. Written informed consent with the approval of Yamaguchi University
Graduate School of medicine was obtained for preoperative MRI investigation
and clectrophysiological studies in all patients. Those who fulfilled the
following criteria were included in the study.

A diagnosis of myelopathy was established based on the presence of
hyperreflexia, including a positive Hoffmann sign, upper extremity sensory
disturbance and obvious MRI-documented cervical spinal cord compression.
Sensory and motor nerve conduction velocities in the peripheral nerves were
within normal limits.

Patients who had peripheral neuropathy and concomitant radiculopathy
were excluded.

Normative data

Thirty-nine male and forty-nine female subjects (average age 54.3 years, age
range 23-91 years) with no history of injury or pathology of the upper limb
were studied. They were submitted to a medical examination consisting of a
detailed history regarding motor and sensory upper imb symptoms, followed
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by thorough physical examination. Exclusion criteria were a history of upper
limb symptoms, glove and stocking sensory symptoms, diabetes mellitus, any
form of medication and abnormal tendon reflexes or sensory and motor
examination.

Magnetic resonance imaging

All patients underwent MRI with a 1.5-tesla imaging system. Sections were
s-mm thick, with a 2-mm gap between intersections. Tl-weighted and
T2-weighted sagittal and axial imaging were obtained.

Electrophysiological investigation

Erl’s point-stimulated CMAPs.  All electrophysiological examinations were
performed using a Nicolet Viking 4 instrument. Erb’s point-stimulated CMAPs
were recorded in the deltoid, biceps brachii (biceps), and triceps brachii
(triceps) muscles in all subjects. An 11 mm diameter disc (Dantec 13L 29,
Dantec Medical, Skovlunde, Denmark) was placed over the middle of the
deltoid as an active electrode, on the acromion as a reference electrode in
the deltoid, over the middle of the biceps muscle as an active electrode and on
the lateral epicondyle of humerus as a reference electrode in the biceps muscle,
and over the middle of the triceps muscle as an active electrode and on the
olecranon as a reference clectrode in the triceps muscle. The skin was prepared
with an abrasive solution to reduce impedance and a ground strap was
wrapped around the elbow. The bipolar stimulator probe (Nicolet $403, Natus
Medical, San Carlos, CA, USA) provides a pair of bare metal contacts, 3 mm in
diameter and with an adjustable inter-electrode distance which was set to
25mm in our study. The stimulus intensity was gradually increased until
it no longer altered the size of the recorded response. Measurement
of CMAPs included the negative-peak amplitude from baseline to peak.
Average amplitudes for CMAPs were calculated for both sides. The amplitude
ratio was calculated by dividing the response from one side by the other and
multiplying by 100.

Recording of SCEPs for diagnosis of symptomatic lesion

SCEPs after median nerve stimulation (MN-SCEPs), transcranical electric
stimulation (TES-SCEPs), and spinal cord stimulation (Spinal-SCEPs) were
recorded intraoperatively. The median nerves were stimulated (square wave
pulse, 0.2-ms duration, 3-Hz rate) at the wrist with the cathode placed
proximally. The stimulus intensity was set at 1.5 times for producing the
thumb twitch in an awakened condition. TES was delivered as square pulses of
0.2ms duration and at an intensity of 100mA through needle electrodes
(13R25, length 8 mm, diameter 0.8 mm; Dantec, Skovlunde, Denmark) placed
on the skull. The anode was placed 7 cm laterally to the right of the vertex on
line joining the external auditory meatus. The cathode was placed on the
opposite side. Spinal-SCEPs were delivered by an epidural catheter electrode
(UKG-100-2PM, diameter 0.8 mm, length 900 mm, Unique Medical Corpora-
tion, Kobe, Japan) inserted into the dorsal epidural space from the C7-T1 and
T11-T12 interlaminar space. Square wave pulse (0.2 ms duration, 3-Hz rate)
was delivered at an intensity of 15-20 mA. Before laminoplasty, all SCEPs were
recorded intraoperatively with recording clectrodes (13R25) inserted in the
ligamentum flavum at cach interlaminar space. A reference electrode was
inserted into the subcutaneous tissue in the posterior aspect of the neck for the
recording of MN-SCEPs and Spinal-SCEPs. A bipolar recording method was
used (active proximal and reference distal) for the recording of TES-SCEPs. All
SCEPs signals were amplified and filtered with a bandpass of 20 to 3000 Hz
using a standard evoked potential/electromyography machine (Nicolet Viking,
Natus Medical). Average of 100 to 200 MN-SCEPs, 40-60 TES-SCEPs
and 20-30 spinal-SCEPs responses were obtained. Two different averaged
responses were superimposed and displayed. In MN-SCEPs, abnormality was
determined from the amplitude ratio of spinal responses at cach intervertebral
level to that recorded at the C6/7 intervertebral level as reported earlier? In
TES-SCEPs and Spinal-SCEPs, intervertebral levels with a marked reduction in
size of the negative peak (reduction of > 50%) were considered as significant
(Figure 1).5
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Preoperative level diagnosis using CMAPs

Studies on the level diagnosis for CCM have shown the C5 motor segment in
the spinal cord to be at the level of the C3/4 disc and the C6 motor segment at
the level of the C4/5 disc. We have previously reported that C5 and C6 nerve
roots are distributed to the deltoid and biceps muscle, with the deltoid
predominantly innervated by the C5 nerve root and the biceps by the C6 nerve
root.’ We hypothesized the main myotomal distribution was as follows:
deltoid in C5 cord segment, biceps in C6 and triceps in C7. If the preoperative
CMAPs amplitudes in deltoid were smaller than the normal limits, the
responsible level was estimated to be C3/4. This meant that the C5 cord
segment was involved. In the same way, if the CMAPs in biceps were smaller,
we estimated the responsible level to be C4/5 and this meant the C6 cord
segment was involved. We used CMAPs in deltoid and biceps on the affected
side and in triceps on the normal side. As described further below, CMAPs
amplitudes in triceps correlated with CMAPs amplitudes in the deltoid and
biceps. On the basis of this correlation, we designed an index for level
diagnosis. When the observed CMAPs amplitudes in the deltoid or biceps were
lower than those extrapolated from the CMAPs amplitudes in triceps, this was
an indication of C3/4 or C4/5 myelopathy (Table 1).
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Figure 1 SCEPs obtained from patients with compressive cervical
myejopathy. MN-SCEPs demonstrate marked attenuation of amplitude at the
C3/4 intervertebral level. TCE-SCEPs also show marked attenuation of
amplitude at the C3/4 level. Spinal-SCEPs also show marked attenuation of
amplitude at the C3/4 level. The marked attenuation of amplitudes at C3/4
in all SCEPs indicates a conduction block at C3/4. MN-SCEPs, spinal cord-
evoked potentials following median nerve stimulation; TCE-SCEPs, spinal
cord-evoked potentials following TES; Spinal-SCEPs, spinal cord-evoked
potentials following spinal cord stimulation.

Table 1 The index for elecirophysiological level diagnosis

Responsible level Index for level diagnosis

C3/4 (D-CMAPs-3)/T-CMAPs
Ca/5 (B-CMAPs-4)/T-CMAPs

Abbreviations: CMAPs, compound muscle action potentials; D-CMAPs, CMAPs amphitudes in
deltoid (mV); B-CMAPs, CMAPs amplitudes in biceps (mV); T-CMAPs, CMAPs amplitudes in
triceps {mV); D-CMAPs-3 divided T-CMAPs are index for the diagnosis of C3/4 myelopathy;
B-CMAPs-4 divided T-CMAPs are idex for the diagnosis of C4/5 myelopathy.



Statistical analysis

Descriptive statistics, including the mean and standard deviation (s.d.), were
applied to each CMAPs value. Related on sex and age factors in CMAPs
amplitudes were analyzed. Regression analysis was used to evaluate the
correlation among CMAPs amplitudes for the different muscles. (Dependent
variables: CMAPs amplitudes in the deltoid- or biceps-independent variable:
CMAPs amplitudes in triceps) The Mann-Whitney U test was used for
unpaired data. The cutoff points for CMAPs amplitudes or for the index
were selected by receiver-operating characteristic curve analysis. Receiver-
operating characteristic curves were also used to calculate the sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV)
of the preoperative diagnosis corresponding to each intervertebral level
All P-values <0.05 were regarded as statistically significant. The free
software program R version 2.14 (http://www.r-project.org/) was used for
statistical analysis.

RESULTS

Normative data

The normal value (mean t5.d.) for CMAPs in the deltoid muscle was
10.44 £2.18 mV amplitude (range 6.17-16.7), in biceps it was
10.83+2.65mV (4.79-17.18) and in triceps it was 12.59 £ 3.25mV
(4-21.3). Each amplitude showed large variation. Amplitudes in all
muscles decreased with advancing age, but these correlations were
weak (deltoid: R = 0.13; biceps: R'> = 0.05; triceps; R™? = 0.01; where
R? is the coefficient of determination adjusted for degree of
freedom). Compared with women (mean age 53 years, n=49),
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Figure 2 Regression analysis was used to express the amplitudes as a
correlation coefficient for deltoid, biceps barchii and triceps brachil, The
formulae used for this were: (a) biceps brachii amplitude B =triceps brachii
amplitude (T)x0.62-3.02mV (R*2—0.57), (b) deltoid amplitude
D=Tx0.46+4.68mV (R*2=0.46) (R*2, the coefficient of determination
adjusted for degree of freedom).
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men (mean age 55 years, n=39) showed significantly higher
amplitude in all three muscles (deltoid: 11.5%£2.15mV vs
9.6+ 1.81 mV, P<0.01; biceps: 12.21+2.65mV vs 9.73+2.09mV,
P<0.01; triceps: 14.15+3.45mV vs 11.36 £ 2.49mV, P<0.01).

The ratio between deltoid and biceps (D/B) amplitude was
99 + 18%, between biceps and triceps (B/T) 88+ 18% and between
deltoid and triceps (D/T) 86+ 20%. These ratios did not show age-
related differences (D/B: R™?= -0.008; B/T: R?=00}; D/T:

P=10.50). For each muscle, regression analysis was used to express the
amplitudes as a correlation coefficient (Figures 2a and b). CMAPs
amplitudes in deltoid or biceps could therefore be estimated from
CMAPs amplitudes in triceps, regardless of age or gender. Normative
data for CMAPs values are summarized in Table 2.

Magnetic resonance imaging
MRI showed multiple compressions in 26 patients (92.8%). Details
were shown in Table 4.

CMAPs of patients with CCM
The level of conduction abnormalities was C3/4 in 16 cases and C4/5
in 12 cases by monitoring SCEPs intraoperatively. Table 3 shows the
responsible level estimated from SCEPs and CMAPs amplitudes of
deltoid, biceps and triceps, whereas Table 4 shows the mean CMAPs
amplitude at each responsible level.

In patients with C3/4 myelopathy, the CMAPs amplitudes
of deltoid were 6.82£2.33mV (mean £s.d.) (P<0.0001) and those

Table 2 Normative date of CMAPs amplitudes and the ratio among
deltoid, biceps and triceps

Muscles All subjects CMAPs amplitudes (mV)

Men Women

11,50z 4.64
12.22+7.05
1415£11.91

9.60+3.26
9.7344.35
11.36+6.21

10.44+2.18
10.83+2.65
12.59£3.25
Ratio (%}
98.8+17.9
87.91£18.79
85.9+20.09

Deltoid
Biceps brachii
Triceps brachii

95.99+16.2
87.88x14.17
83.8+17.19

101.14£19.0
87.93£20.1
87.57+22.16

Deltoid/biceps
Biceps/triceps
Deltoid/triceps

Abbreviation: CMAPs, compound muscle aclion potentals,

Table 3 CMAPs amplitudes with patients of CCM as compared with
normal values

CMAPs (mV) Responsible fevel

All (n=28) C3/4 (n—= 16} C4/5 (n=12)

6.82+233
FP<0.0001
9.43+2.85
P=0.10
12.69£3.59
P=0.89

8.52+3.34
P=0.11
8.75+4.42
P=0.015
12.51+£3.61
P=0.97

7.55+2.88
P<0.01

9.14+3.55
P<0.01

12.50+3.54
P=0.94

Deltoid

Biceps brachii

Triceps brachii

Abbreviations: CMAPs, compound muscle action potentials, CCM, compressive cervical
myelopathy.

w
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Table 4 Detail of the 28 patients with cervical compressive myelopathy

Case Age Gender Disease The level

of conduction CMAPs amplitudes (mV) MR (cord indentation andfor deformed cord)

abnormalities

Deltoid Biceps Triceps C3/4 c4/5 C5/6 C6/7

1 72 F OPLL C3/4 7.6 11.68 9.8 b + +
2 54 M OPLL 34 8.4 123 16.6 4 + + +
3 77 M CSM 314 8.3 13.2 15.8 i
4 59 M OPLL C3/a 5.3 9.1 12.8 + + +
5 63 F OPLL C3/4 8.73 9.41 12.57 + + +
6 78 F CSM C3/4 5.61 9.08 12.91 4 + +
7 70 M OPLL C3/4 6.92 10.16 14.05 + -+
8 &2 F CSM C3/4 319 6.01 9.56 + + +
9 71 F CSMm C3/4 551 8.85 + + +
10 71 F CSM C3/4 6.17 6.99 11.35 + + +
11 79 M CSM C3/4 2.48 7.61 9.07 + + +
12 B2 F CSM C3/4 6 5.04 852 4 + +
13 84 M CSMm C3/4 5.17 7.03 9.3 + +
14 68 M OPLL C3/4 11.04 11.22 19.29 + + +
15 63 M OPLL C3/4 10 14.78 195 + + + -+
16 86 M CSM C3/4 8.64 11.35 13.03 + +
17 75 M OPLL Carns 4.1 3.4 8.8 + +
18 66 F CSM ca/s 12.25 862 14.2 + + +
19 48 M CSM Car5 114 16.4 17.4 -+ +
20 68 M CSM ca/5 10.1 6.6 12.5 + +
21 84 F CSM Ca/5 5.32 4.22 6.12 +
22 56 ] OPLL C4/5 9.58 14.25 14.34 o +
23 67 M CSM ca/5 6.5 7.55 11.99 4 + 4 +
24 70 M OPLL C4/5 5.54 7.23 8.62 + + + +
25 69 M CSM C4/5 11.32 15.83 18.28 + + +
26 85 ] OPLL CA/5 3.28 461 10.04 4 + “+ +
27 70 ] CSM C4/5 106 7.7 1386 i + +
28 66 F CSM carmn 12.3 8.6 14.2 + +

Abbreviations: CMAPs, compound muscie action potentials; CCM. compressive cervical myelopathy; CSM, cervical spondylotic myelopathy; F, female; MRI, magnetic resonance imaging; M, male;

OPLL, ossification of the posterior longitudinal higament,
The level of conduction abnormalilies was determined by the spinal cord-cvoked potentials,

of biceps were 9.43+285mV (P=0.10). In patients with C4/5
myelopathy, the CMAPs amplitudes of deltoid were 8.52 +3.34 mV
(P=10.11) and those of biceps were 8.75 £ 4.42mV (P =0.015). There
were no statistically significant differences between the mean CMAPs
amplitudes in triceps of C3/4 (P=0.89) or C4/5 (P=0.97) myelo-
pathy patients and the normal values.

The most discriminative cutoff value for CMAPs amplitudes in
the deltoid for the diagnosis of C3/4 myelopathy was 8.73mV,
giving an area under the curve value of 0.671 (95% con-
fidence interval, 0.44-0.90). This resulted in a sensitivity of 87.5%,
specificity of 57.3%, PPV of 73.2% and NPV of 77.5%. The most
discriminative cutoff value using the index for diagnosis of C3/4
myelopathy was 0.52, with an area under the curve value of
0.750 (95% confidence interval, 0.55-0.95) and a sensitivity of
75.0%, specificity of 75.0%, PPV of 80.0% and NPV of 69.2%
(Figure 3).

The most discriminative cutoff value for CMAPs amplitudes in
biceps for the diagnosis of C4/5 myelopathy was 8.62mV, giving an
area under the curve value of 0.594 (95% confidence interval,
0.35-0.83) and a sensitivity of 62.5%, specificity of 75%, PPV of
73.2% and NPV of 77.5%. The most discriminative cutoff value using
the index for diagnosis of C4/5 myelopathy was 0.325, with an area
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Figure 3 The receiver-operating characteristic (ROC) analysis was performed
on the patients with C3/4 myelopathy vielded 0.75 (95% confidence
interval (Cl), 0.55-0.95) for an area under the curve (AUC) value for the
index. (The sensitivity is 75.0% and specificity is 75.0%). CMAPs
amplitude in the delioid had 0.67 (85% CI, 0.44-0.90) for an AUC. (The
sensitivity is 87.5% and specificity is 57.3%).
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Figure 4 The ROC analysis was performed on the patients with C4/5
myelopathy yielded 0.65 (95% CI, 0.41-0.88) for an AUC for the index.
{The sensitivity is 75.0% and specificity is 66.7%). CMAPs in biceps had
0.59 (95% Cli, 0.35-0.83) for an AUC. (The sensitivity is 62.5% and
specificity is 75%).

under the curve value of 0.646 (95% confidence interval,0.41-0.88)
and a sensitivity of 75.0%, specificity of 66.7%, PPV of 62.8% and
NPV of 78.1% (Figure 4).

DISCUSSION

CMAPs amplitudes obtained by stimulating below the lesion after
injury deterrnine the degree of axonal loss and thus allow for an
accurate assessment of prognosis.® However, we reported that small
CMAP amplitudes indicated not only the involvement of ventral
nerve roots but also that of anterior horns with proximal-type cervical
spondylotic amyotrophy.® Ito et al® reported a common pattern for
lesion progression in cervical spondylotic myelopathy that involved
initial atrophy and neuronal loss in the anterior horn and
intermediate zone, followed by degeneration of the lateral and
posterior funiculus. MN-SCEPs are mediated by the lateral part of
posterior columns, TES-SCEPs by the lateral corticospinal tract and
spinal-SCEPs by medial parts of the posterior columns.!® In the
current patient series all SCEPs showed abnormalities, thus indicating
the involvement of anterior horns. Small CMAPs amplitudes
corresponding to compressed cord segments (deltoid, C3/4 and
biceps, C4/5) also showed involvement of the anterior horns, but
could not detect the involvement of the long tract. We confirmed that
CMAPs amplitudes were better suited for assessing involvement of the
anterior horns.

Level diagnosis for CCM is performed by investigating the muscle
weakness, deep tendon reflex and sensory disturbance. The sensitivity
of muscle weakness tends to be low, but its specificity is high,!! such
that muscle weakness is not detected in mild cases. Cadaver dissection
has revealed a close correlation between anterior horns and vertebral
bodies;!? however, the anatomical features make it difficult to give a
level diagnosis for CCM. In this respect, muscle weakness resulting
from involvement of the anterior horn would be more accurate than
sensory disturbance from the posterior horn. The accuracy of level
diagnosis using CMAPs was about 70% and it is equivalent to the
result of previous reports.!! However, we confirm that deltoid
and biceps are innervated by both C5 and C6 motor segnients
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and these have dominance to innervate muscles, it is difficult to
clearly discriminate the nerve domination of C5 and C6. Therefore, it
would also be difficult to clearly discriminate between C3/4
myelopathy and C4/5 myelopathy through the monitoring
of CMAPs amplitudes. This point is included as the limitations of
our study.

Sharrard!® reported from a study of cadavers with poliomyelitis
that more than 40% of anterior horn cells maintained normal muscle
strength. If more than 60% of the anterior horn cells were involved
this lead to muscle weakness. Patients with a single responsible level of
myelopathy do not show clinical muscle weakness because multiple
anterior horns innervate the muscle. Small CMAPs amplitudes could
indicate subclinical muscle weakness and implicate the involvement of
anterior horns in a quantitative manner.

Wee! reported that there are good correlation between the CMAPs
amplitudes and the muscle bulk in biceps. Therefore, CMAPs
amplitudes show considerable individual variation as well as gender
and age differences. However, side to side differences in the same
individual are much smaller.!® The distribution of muscle volume in
the upper limb was highly conserved across normal subjects,
as assessed by MRIL!® The conserved distribution of muscle
volume probably accounts for the correlation of CMAPs amplitudes
among the muscles of the upper extremity. The correlations among
CMAPs amplitudes for deltoid, biceps and triceps in the same
individual may be explained as follows. When CMAPs amplitudes
are higher or lower than normal values in patients with large
or small muscle volumes, they would be determined as false
negative or false positive. The index we designed was therefore
more accurate than CMAPs amplitudes, regardless of patient age
or gender.

With advancing age, MRI tends to show multiple compression but
the responsible level shifts from C5/6 to C3/4 or C4/5.17 Elderly
patients with cervical spondylotic myelopathy show multiple cord
compression on MRI, but SCEPs usually showed a single level of
conduction block and 95% of focal conduction block at the C3/4 or
C4/5 level.'® Azuma et al'® reported that 78% of patients with
cervical ossification of the posterior longitudinal ligament were
determined by SCEPs to have a single site of conduction
abnormalities and in about 70% the level was C3/4 or C4/5;
however, they found multiple cord compression. These reports
indicate multiple compression of the spinal cord on radiographic
findings can include clinically silent compression. In our series,
however, we evaluated only those patients with a single site of
conduction abnormalities in the C3/4 and C4/5, as this has the most
clinical relevance.

CONCLUSION

We have investigated 28 patients with CCM at the C3/4 and C4/5
intervertebral levels as determined by SCEPs. We suggest that small
CMAPs amplitudes in the deltoid indicate a C3/4 level of myelopathy
and in biceps at the C4/5 level. This study could help exclude clinically
silent cord compression and determine the surgical procedure to the
suitable level of concern.
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Abstract

Introduction The number of surgical procedures in elderly
patients has been increasing as the population has grown
older; recently, spine surgeons have been more likely to
encounter elderly patients with cervical myelopathy in need
of surgical treatment. There are many reports about surgi-
cal treatment of elderly patients with cervical spondylotic
myelopathy (CSM); however, there are no studies about
the proper selection of surgical methods and comparison of
their results in CSM patients aged >75 years. The objective
of this study was to review the results of operative methods
in CSM patients aged >75 years.

Methods Forty-three consecutive cases with an average
age of 79 years that underwent surgical treatment were
included in this study. The neurological severity was
assessed using the Japanese Orthopaedic Association
score for cervical myelopathy (JOA). The JOA scores
were evaluated before surgery and at final follow-up.
There were 21 laminoplasty procedures (from C3 to C7),
13 selective laminoplasty procedures (one above and one
below the affected intervertebral level), and nine anterior
decompression and fusion procedures. A selective lami-
noplasty was performed in cases with general complica-
tions and was diagnosed as one intervertebral level both
clinically and electrophysiologically. Surgical results
were compared among the three ireatment groups.
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T. Taguchi
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Results The average preoperative JOA score was 7.7
points and the average JOA recovery rate was 45 %. There
were three cases of C5 palsy and one wound infection.
Operative time and intraoperative bleeding in the selective
laminoplasty group were significantly smaller than those in
the other groups. There was no significant difference in the
JOA recovery rates among the groups.

Conclusions Selective laminoplasty is less invasive and
the surgical results in our study were almost good. It also
has good short-term results. However, the indication for sur-
gery has to be selected carefully in elderly CSM patients.

Keywords Cervical spondylotic myelopathy - Aged
75 years or more - Electrophysiology - Selective
laminoplasty

Introduction

Spine surgeons have recently been more likely to encoun-
ter elderly patients in need of surgical treatment with
aging of the population in developed countries. The
elderly patients with cervical spondylotic myelopathy
(CSM) have some degree of general complications. It is
necessary to understand the clinical features of elderly
CSM patients and to perform a minimally invasive decom-
pression surgery in a safe and reliable way. Many studies
have described cervical myelopathy in elderly patients
[1-8]; however, there are few studies about the selection
of surgical methods [9, 10] and no comparative study on
the results of operative methods in elderly patients with
CSM. The purpose of this study was to investigate sur-
gical results corresponding to operative methods in CSM
patients aged >75 years and to determine the optimal sur-
gical method in elderly patients.
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Materials and methods

Subjects were selected from among 187 CSM patients
who underwent surgery between January 2005 and August
2012. A total of 43 cases aged >75 years were included in
this study (23 males and 20 females; average age 79 years).
Other patients (e.g., ossification of posterior longitudinal
ligament [OPLL] patients, patients with cervical disc her-
niation or a spinal tumor) were excluded because of the
different mechanisms of the myelopathy involved. Of the
subjects included, 21 underwent conventional laminoplasty
(C3~7; hereafter, the LP group), 13 underwent selective
laminoplasty (1 vertebra above and 1 below the responsible
intervertebral level; hereafter, the SL group), and 9 under-
went anterior decompression and fusion (hereafter, the
AF group). The mean period of morbidity was 11 months
(range: 1 month to 5 years), and 65 % of the subjects had
a morbidity period of less than 6 months, indicating that
rapid disease progression was common. The mean follow-
up period was 2 years and 1 month (range: 6 months to
7 years and 2 months).

The study was approved by the Institutional Review
Board of Yamaguchi University Hospital, and it adhered to
the tenets of the Declaration of Helsinki. Written informed
consent was obtained from each patient.

Clinical assessment

For clinical assessment, we used the Japanese Orthopedic
Association (JOA) scoring system for cervical myelopathy
(Table 1). The JOA score quantifies neurological impair-
ment by evaluating upper extremity function (4 points),
lower extremity function (4 points), sensibility (6 points),
and urinary bladder function (3 points). We evaluated dif-
ferences in clinical data, surgical outcome, and postopera-
tive complications among the groups. The surgical outcome
was evaluated by the recovery ratio calculated using the
preoperative and postoperative JOA scores [11].

Selection of a surgical method

The French window laminoplasty was performed on 34
patients. A selective laminoplasty of the arches of the two
or more vertebrae surrounding the affected level was per-
formed on subjects with preoperative complications (the
Society of Anesthesiologists [ASA] Physical Status classifi-
cation class 2: mild to moderate systemic disease or greater)
who were diagnosed with CSM at a single intervertebral
level or at two consecutive intervertebral levels based on
preoperative neurological symptoms and imaging findings
and when intraoperative electrophysiological level diagno-
sis corresponded to the former. Subjects showing improper
alignment and marked localized instability were excluded

@ Springer

[9]. The conventional C3—~C7 laminoplasty was performed
in patients with multilevel disease for whom the selective
laminoplasty was contraindicated. Anterior decompression
and fusion was performed on 9 patients. This procedure
was performed on subjects with CSM at 1-2 intervertebral
levels who showed instability at >5 mm of the anterior or
posterior flexion as well as on subjects with marked ante-
rior compression due to a large osteophyte.

Intraoperative spinal cord evoked potentials (SCEPs)

Intraoperative SCEPs were measured using a Nicolet
Viking 1V instrument (Nicole Biomedical, Madison, Wis-
consin). We recorded 3 different SCEPs (Fig. 1a), meas-
ured following median nerve stimulation (MN-SCEPs),
transcranial electric stimulation (Tc-SCEPs), and spinal
cord stimulation (Sp-SCEPs). Electrodes (20-30 mA) were
attached to the wrist for MN-SCEPs, needle electrodes
(100 mA) were inserted 5 cm lateral and 2 c¢cm forward
of the Cz for Te-SCEPs, and epidural catheter electrodes
(10-15 mA) were attached to the thoracic vertebrae for Sp-
SCEPs. Recordings were obtained from needle electrodes
inserted in the ligamentum flavum between each vertebra,
from C2/3 to C7/Thl (Fig. 1b). In MN-SCEPs, the crite-
rion for diagnosis was occurrence of positive potentials or
a decrease of <30 % of the potentials in comparison to the
C6/7 intervertebral level [12]. In Tc-SCEPs and Sp-SCEPs,
the occurrence of positive potentials or a decrease in the
potential of >50 % was considered abnormal [13, 14]. A
diagnosis of the CSM level during a selective laminoplasty
was made using the recordings from percutaneous elec-
trodes that were inserted under imaging guidance, [9] as
shown in Fig. 1.

Statistical analyses

We used Microsoft Excel Statistics for statistical analysis.
The Mann—-Whitney test was used to compare each pair of
groups and the significance level was set at 5 %.

Results

The mean preoperative JOA score was 7.7 points (range
1.5-12.5), with serious cases being more common. The
mean score at initial examination was 11.8 points (range
5-16.5), and the mean rate of improvement was 44.9 %
(range 0-94). Five patients reported complete remission, 6
patients reported a favorable outcome, 26 patients reported
an acceptable outcome, 2 patients reported an unsatisfac-
tory outcome, and 4 patients reported worsening of their
condition. When the groups were compared by surgi-
cal procedure, no significant differences in the ages at the
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Table 1 Japanese Orthopaedic Association scoring system for cervical myelopathy
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Motor function

Fingers

Unable to feed oneself with any tableware including chopsticks, spoon, or fork and/or unable to
fasten buttons of any size

Can manage to feed oneself with a spoon and/or a fork but not with chopsticks

Either chopsticks-feeding or writing is possible but not practical, and/or large buttons can be fastened

Either chopstick-feeding or writing is clumsy but practical, and/or cuff buttons can be fastened

Normal

Shoulder and elbow (evaluated by MMT score of the deltoid or biceps muscles, whichever is weaker)

MMT 2 or less

MMT 3

MMT 4

MMT 5

Lower extremity

Unable to stand up and walk by any means

Able to stand up but unable to walk

Unable to walk without a cane or other support on a level surface

Able to walk without support but with a clumsy gait

Walks independently on a level surface but needs support on stairs

Able to walk independently when going upstairs, but needs support when going downstairs

Capable of fast but clumsy walking

Normal

Sensory function

Upper extremity

Complete loss of touch and pain sensation

Fifty percent or less normal sensation and/or severe pain or numbness

More than 60 % normal sensation and/or severe pain or numbness

Subjective numbness of slight degree without any objective sensory deficit

Normal

Trunk

Complete loss of touch and pain sensation

Fifty percent or less normal sensation and/or severe pain or numbness

More than 60 % normal sensation and/or moderate pain or numbness

Subjective numbness of slight degree without any objective sensory deficit

Normal

Lower extremity

Complete loss of touch and pain sensation

Fifty percent or less normal sensation and/or severe pain or numbness

More than 60 % normal sensation and/or moderate pain or numbness

Subjective numbness of slight degree without any objective sensory deficit

Normal

Bladder function

Urinary retention and/or incontinence

Sense of retention and/or dribbling and/or thin stream and/or incomplete continence

Urinary retardation and/or pollakiuria

Normal

Total for a healthy patient 17 points

MMT manual muscle test
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Fig. 1 The setup of the recording electrodes for a selective lamino-
plasty a a lateral view of the cervical spine on an image intensifier.
Percutaneous insertion of a recording electrode (black arrow) into
the ligamentum flavam at the C2/3 intervertebral level under imag-

time of surgery were observed [LLP group: 79.3 &£ 3 years
(mean & SD), SL group: 79.6 & 3.2 years, and AF group:
774 + 3.2 years)]. The preoperative JOA scores (LP
group: 7.8 & 2.4 points, SL group: 8.2 £ 2.5 points, and
AF group: 6.6 == 2.5 points) were lower in the AF group
than in the SL group, although the difference was not sta-
tistically significant (P = 0.085). Duration of the procedure
was 205 =4 40 min in the LP group, 110 &£ 31 min in the
SL group, and 203 4 14 min in the AF group. The dura-
tion was significantly shorter in the SL group (SL vs. LP:
P = 0.000004, SL. vs. AF: P = 0.0001) than in the other
groups. The intraoperative blood loss was 160 £+ 123 g in
the LP group, 57 4 75 g in the SL group, and 127 &= 82 g in
the AF group. The blood loss was significantly smaller in the
SL group (SL vs. LP: P = 0.003, SL vs. AF: P = 0.03). The
rate of improvement in the JOA score during final examina-
tion was 46.9 + 26.7 % in the LP group, 43 4= 25.2 % in the
SL group, and 43.1 &+ 20.5 % in the AF group. No signifi-
cant differences were observed among the groups (Table 2).

Diagnosis of injury level using intraoperative spinal
cord-evoked potentials (SCEPs, n = 33) revealed that 26
subjects (79 %) had CSM of the superior cervical vertebrae
(involving C3/4 and/or C4/5), 4 subjects (12 %) had CSM
of the middle and lower cervical vertebrae (C4/5 and C5/6
or C5/6 or C6/7), and 3 subjects (9 %) had multilevel CSM
involving 3 or more vertebrae. In addition, when limited
to the spinal tract, CSM most commonly affected superior
cervical intervertebral levels, with 28 patients (85 %) suf-
fering from CSM affecting 1 or 2 superior cervical interver-
tebral levels (C3/4 or 4/5).

Four patients (9.3 %) developed postoperative complica-
tions. There were two cases of postoperative wound infection
and two cases of postoperative C5 paralysis in the LP group
(of these, one patient had both a wound infection and C5
paralysis), and one case of postoperative C5 paralysis in the
AF group. No complications were observed in the SL group.
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ing guidance. b An intraoperative photograph after the percutaneous
insertion of the recording electrode. Percutaneous needle electrodes
(white arrows) were inserted into each intervertebral space from C2/3
to C7/T1 under imaging guidance

Table 2 Demographic data of three groups

Parameter LP SL AF
Number 21 13 9
Age (years) 7934£3 79.6+£32 774£32
Gender (men/women) 14/7 6/7 3/6
Symptom duration (months) 31 =40 22 4+ 19 23 426
Follow-up (months) 27 22 21 +21 28 + 14
Operative time (min) 205 £ 40 110£31 203414
Intraoperative bleeding (g) 160123 57475 127 + 82
JOA score (points)

Preoperative 7.8+£24 82+25 6.6+25

Final follow-up 12+£29 1194£29 114+12
Recovery ratio (%) 469 £267 43+£252 43.1£205
Postoperative complication 3 0 1

Deep surgical site infection 2 0 0

Paraparesis (C5) 2 0 1

Values are presented as mean = SD

JOA Japanese Orthopaedic Association scoring system for cervical
myelopathy, LP laminoplasty from C3 to C7, SL selective lamino-
plasty, AF anterior decompression and fusion

Discussion

There are several reports in the literature regarding the
pathology and postoperative outcomes in elderly patients
with CSM; however, most reports involve nonelderly patients
[1-8]. Very few reports describe the selection of a surgical
procedure for elderly patients [9, 10], and reports that com-
pare the outcomes of the respective procedures are few.

Tani et al. [13] used intraoperative SCEPs to investigate
the pathology in elderly patients with CSM and observed a
high rate of conduction disorders in patients with C3/4 and
C4/5 injuries. In our study, we were able to diagnose the
injury level intraoperatively using SCEPs in 33 patients. In
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