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The SIR values were evaluated by three observers twice
for each patient. These observers were blinded to the surgi-
cal data. The average score of the three observers was used
in this study.

Data analysis

Pearson correlation analysis was used to examine the re-
lationship among neurologic scores, SIR, and duration of
the disease. The signal intensity changes on T2-WI were
classified as “cystic type”” and ‘““diffuse type” on the basis
of MRI morphologic classification of cervical spondylotic
myelopathy [6]. Variables that showed significant relation-
ship (p<.05) on univariate analysis were entered into
stepwise multivariate regression to determine the variance
of the JOA improvement rate. SIR<(1 represents a more
significant lower signal intensity change compared with
the normal spinal cord. A p value <.05 denoted the pres-
ence of a significant difference. All statistical analyses were
conducted using the SPSS software (version 15.0, SPSS,
Chicago, IL).

Results

Figures 1 and 2 show representative cases. Figure 1
shows MRI scans of a 54-year-old woman with cervical
spondylotic myelopathy who showed 66.7% (fairly good)
neurologic improvement at the latest follow-up. The pre-
operative mid-sagittal T2-WI scan showed intramedul-
lary increased SI at C4-C5 level. The SIR on T2-WI
was 1.90, representing increased cord SI (0.05 cm?;
small round)/normal cord SI at C7-T1 disc level (0.3
cmz; large round). SIR on T1-WI was 1.13, calculated
by the aforementioned equation at the same lesion de-
tected on T2-WI.

The MRIs in Fig. 2 are those of a 59-year-old woman
with cervical spondylotic myelopathy who showed
28.6% neurologic deterioration at follow-up. The mid-
sagittal T2-WI scan showed intramedullary increased
SI at C5-C6 level. The calculated SIRs by the afore-
mentioned equation were 2.07 on T2-WI and 0.93 on
T1-WL

Demographic data and clinical findings

Table 2 summarizes patient demographics and clinical
outcome. The study subjects included 96 men and 52
women (mean age at surgery: 69.6 years, range, 44-88
years, Cervical Spondylotic Myelopathy: n=103, ossifica-
tion of the posterior longitudinal ligament: n=48), with a
mean duration of neurologic symptoms of 8.1 months
(range, 3-36 months). The mean JOA improvement rate
was 54.7+16.3 (range, 11.1-100). The mean SIRs on
T1-WIs and on T2-WIs were 1.13*+0.17 (range, 0.71-
1.55) and 1.83%0.37 (range, 1.07-3.24), respectively. In
our study, SIR on T1-WIs was <1 before surgery in 32
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Table 1

Japanese Orthopedic Association scoring system for assessment of cervical
myelopathy

Score
Category (points)
Motor function of the upper extremity
Unable to eat with either chopsticks or a spoon 0
Able to eat with spoon but not with chopsticks 1
Able to eat with chopsticks but inadequately 2
Able to eat with chopsticks but awkwardly 3
Normal 4
Motor function of the lower extremity
Unable to walk 0
Needs a cane or other walking aid on flat ground 1
Needs walking aid only on stairs 2
Able to walk unaided, but slowly 3
Normal 4
Sensory function
Upper extremity
Apparent sensory disturbance 0
Minimal sensory disturbance 1
Normal 2
Lower extremity
Apparent sensory disturbance 0
Minimal sensory disturbance 1
Normal 2
Trunk
Apparent sensory disturbance 0
Minimal sensory disturbance 1
Normal 2
Bladder function
Urinary retention or incontinence 0
Severe dysuria (sense of retention) 1
Slight dysuria (pollakiuria, retardation) 2
Normal 3

Note: The score in a normal subject is the total of the best scores:
A+I+HIIHIV)=17.
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Fig. 1. A 54-year-old woman with cervical spondylotic myelopathy showed 66.7% (from 14 to 16) neurologic improvement at follow-up. (A) mid-sagittal
T1-weighted MRI, (B) mid-sagittal T2-weighted MRI. Note the increased intramedullary signal intensity at C4—C5 level. (C) SIR is calculated by the mid-
sagittal increased cord signal intensity (smaller round) / mid-sagittal normal cord signal intensity at the C7-T1 disc level (larger round) on T1-WI. (D) SIR
on T2-WI is calculated using the same equation on the same lesion on T1-WI.MRI, magnetic resonance imaging; SIR, signal intensity ratio; W1, weighted
image.

of 148 patients (21.6%). The preoperative neurologic Relationship between SIR and preoperative neurologic
score correlated with age (R?=0.126, p<.01), postopera- scores

tive neurologic improvement (R2=0.0404, p= .0148) . . .

and disease duration (R2=0.O632, p<<.01). There were Figure 3 shows the relatlonsh%p between .SIRS for
no significant intraobserver or interobserver differences T1-WIs and T2—W.Is and preoperative neurol'og1 ¢ scores.
in SIR on Tl- and T2-WIs. A lower preoperative JOA score was associated with a
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Fig. 2. A 59-year-old woman with cervical spondylotic myelopathy showed 28.6% (from 10 to 12) neurologic deterioration at follow-up. (A)
mid-sagittal T1-weighted MRI, (B) mid-sagittal T2-weighted MRI, which shows intramedullary increased signal intensity at C5-C6 level. (C) SIR is calcu-
lated by the mid-sagittal increased cord signal intensity (smaller round) / mid-sagittal normal cord signal intensity at the C7-T1 disc level (larger round) on
T1-WIL (D) SIR on T2-W1 is calculated using the same equation on the same lesion on T1-WIL.MRI, magnetic resonance imaging; SIR, signal intensity ratio;
WI, weighted image.

lower SIR on T1-WIs (R*=0.102, p<.01, Fig. 3, Left). Relationship between SIR and neurologic outcome
On the other hand, there was no correlation between
high intramedullary SI on T2-WIs and preoperative
JOA score (R*=0.00040, p=.809, Fig. 3, Right).

A lower postoperative neurologic improvement was as-
sociated with a lower SIR on T1-WIs (R*=0.172, p<.01,
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Table 2

Demographic data

Sex 96 men, 52 women
Age, years 69.6+9.8 (44-88)
Duration, months 8.1%15.4 (3-36)
Disease 103 CSM, 48 OPLL

11.02.2 (3-15.5)
142:1.8 (7-17)
5474163 (11.1-100)

Pre-JOA score (range)
Follow-up JOA score
JOA improvement rate
MRI findings (SIR)
SIR on T1-Wls
SIR on T2-WIis

1134017 (0.71-1.55)
1.830.37 (1.07-3.24)

CSM, Cervical Spondylotic Myelopathy; JOA, Japanese Orthopedic
Association; MRI, magnetic resonance imaging; OPLL, ossification of
the posterior longitudinal ligament; SIR, signal intensity ratio.

Note: Data are mean=®SD (range) or number of patients.

Fig. 4, Left). However, there was no correlation between
high intramedullary SI on T2-WIs and postoperative
neurologic improvement (R*=0.00624, p=.340, Fig. 4,
Middle). Preoperative JOA score correlated with postoper-
ative neurologic improvement (R*=0.0912, p<.01, Fig. 4,
Right).

Relation between disease duration and SIR
and neurologic improvement

A longer duration of symptoms was associated with a
lower SIR on T1-WIs (R*=0.321, p<.01, Fig. 5, Left).
A similar relation was found between JOA neurologic
improvement rate and disease duration (R2=O.1777
p<.01, Fig. 5, Right). However, there was no relation be-
tween disease duration and high intramedullary signal
intensity on T2-WIs (R>=0.0022, p=.571, Fig. 5,
Middle).

Relationship between SIR and MRI classification
on sagittal T2-Wis

On the basis of the morphologic classification on MRI
of cervical spondylotic myelopathy [6], 28 patients were
classified as ‘“‘cystic type” and 120 patients were cla-
ssified “diffuse type.” There was no difference in SIR
on T1-WIs between the two groups (SIR cystic type:

y =4.2059x + 6.2116
¢ R?=0.102, p<.01

Preoperative JOA Score

1 1.5 2
SIR on T1-Wis

1.160.22, SIR diffuse type: 1.14*0.18, Fig. 6, Left).
On the other hand, the SIR on T2-WIs was significantly
greater in the cystic type (2.11%£0.36) compared with
the diffuse type (1.75*0.31, p<.0l, Fig. 6, Middle).
There was no difference in JOA score between the two
types (Fig. 6, Right).

Multivariate regression analysis for neurologic
improvement rate

Univariate analysis identified significant relationships
between the rate of neurologic improvement and each of
age, SIR on T1-WIs, preoperative JOA score, and disease
duration (Table 3). Multivariate analysis that included
the aforementioned variables indicated that these four
variables could explain 24.3% of the variance in neu-
rologic improvement rate. SIR on TI-WIs and disease
duration were the two main significant contributors;
with SIR on TI1-WIs being the strongest contributor
(B-coefficient=0.256).

Relationship between changes in SIR on follow-up MRI
and neurologic outcome

In this study, 25 patients underwent follow-up MRI
within 6 months after surgery (mean 9.12%2.7 months,
range 6—15 months). The SIR on follow-up T1-WIs cor-
related significantly with postoperative JOA improvement
rate (R*=0.521, p<.01, Fig. 7A). The high intramedul-
lary signal intensity on follow-up T2-WIls also correlated
with postoperative JOA improvement rate (R*=0.0317,
p=.030, Fig. 7B).

The /\ change in SIR (follow-up minus preoperative)
on T1-WIs correlated significantly with the postoperative
JOA improvement rate (R*=0.233, p<.01, Fig. 7C). Five
of the 25 patients (20.0%) whose SIR on T1-WIs changed
from =1 before surgery to <1 after surgery showed a
poor rate of neurologic improvement (33.3+9.7%). In
none of the patients did T1-WIs-SIR change from <1 to
=1. The A change in SIR on T2-WIs correlated nega-
tively with the rate of postoperative neurologic improve-
ment (R2=O.121, p<.01, Fig. 7D). Figure 8 shows a
representative case with changes in SIR on T1-WI from
>1 to <1 (1.12 to 0.98) and increased SIR on

#R?=0.00040, p=.809
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Fig. 3. Relationship between SIR and preoperative neurologic scores. (Left) SIR on T1-WIs correlated with preoperative JOA score. (Right) T2-WIs did not
correlate with preoperative JOA score. JOA, Japanese Orthopedic Association; SIR, signal intensity ratio; WI, weighted image.
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image.

postoperative T2-WI (1.55-1.80). The patient with CSM
underwent surgery (C4 subtotal spondylectomy) and
showed poor neurologic rate of improvement of 28.6%
at follow-up.

Discussion

The elucidation of factors that contribute to prognosis
of patients with ossification of the posterior longitudinal
ligament and CSM has been investigated by several
groups [5,8,10-12]. Recognition of the functional
capacity and functional normalization of the chronically
damaged spinal cord are important clinical issues. It is
also important to identify those factors that determine
neurologic improvement after surgery. Regarding predic-
tors of surgical outcome, age at the time of presentation
[10], chronicity of myelopathic symptoms [5,10,11,13—
15], signal changes on preoperative MRI, and their regres-
sion/persistence [2-4,16—-18] have been considered key
predictors.

The utility of MRI signal intensity has been widely
studied, and various authors have speculated on its histo-
pathologic significance and impact on recovery rate. High
signal intensity on T2-weighted MRI indicates local
pathologic changes in the spinal cord, and patients with
compressive myelopathy and high signal intensity on
T2-WI usuvally have a poor prognosis even after surgical
intervention [4,16]. Despite such evidence, many studies
could not show a significant relationship between high
signal intensity on T2-WI and postoperative prognosis
[5.7,17,19].

What is the reason for this observation? Although the
exact reason is unknown, the following may explain this
phenomenon. Although MRI provides high specificity in
the assessment of morphologic changes and intramedullary
state of the spinal cord, it is almost impossible to estimate
potential recovery of the spinal cord on preoperative MRI
without appropriate quantitative analysis. Furthermore,
the signal intensity in each MRI is irregular because the se-
quence of parameters is individually selected for each pa-
tient. Although quantitative analysis in our study showed
no statistical significance for SIR on T2-WIs, SIR on T1-
WIs correlated significantly with preoperative neurologic
scores and postoperative neurologic improvement. Theoret-
ically, progressive changes should appear as high signal in-
tensity lesions in the intramedullary region. High signal
intensity is observed on T2-WI in patients with early-
stage myelomalacia, whereas the intermediate stage in-
cludes variable degree of cystic necrosis of the central gray
matter, which is better visualized on T2-weighted MRI; and
the main features of late-stage myelomalacia are central
cystic degeneration, formation of syrinx, and atrophy
[20-22].

Some authors have proposed that increased intramedul-
lary signal intensity of the spinal cord and cyst formation
could represent signs of advanced spinal cord damage, as
they represent diffuse neuronal cell loss and replacement
with glial cells [19]. In our study, although the SIR on
T2-WIis was significantly greater in the cystic type than
the diffuse type, SIR on T1-WIs was not always lower in
the cystic type, and there was no relationship between these
qualitative MRI classification and postoperative neurologic
improvement, which is in contrast to the findings of
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Fig. 5. Relationships between (Left) SIR on T1-WIs and disease duration, (Middle) SIR on T2-WIs and disease duration, and (Right) JOA improvement rate
with disease duration. JOA, Japanese Orthopedic Association; SIR, signal intensity ratio; WI, weighted image.

-b17-



1608 K. Uchida et al. / The Spine Journal 14 (2014) 16011610

1.5 3 o1

o | 1 v 25 g
R e T [ E P P 5
£ s g
-3 o 2
; 05 gt i ; q g
@ D05 4 5

0 —t o 3

cystic diffuse cystic

diffuse cystic diffuse

Fig. 6. Relationships between SIR and MRI classification. (Left) SIR on T1-Wls for “cystic” and “diffuse” lesions. (Middle) SIR on T2-WIs for “cystic”
and “diffuse” lesions. (Right) JOA improvement rate according to the two types of lesions. JOA, Japanese Orthopedic Association; SIR, signal intensity

ratio; WI, weighted image. ##p<.01.

qualitative MRI morphologic classification. The main lim-
itation of the MRI classification used in previous studies is
the poor agreement of the results among the studies be-
cause (1) the signal intensity on MRI is irregular in each
scan, even when using the same MRI system, because
the different sequence parameters are selected individually
for each patient, (2) differences in the methods used for as-
sessment, and (3) possible judgment errors by each
investigator.

The significance of decreased signal intensity on T1-
WI also has been studied. Many authors have confirmed
that decreased signal intensity on preoperative T1-WI is
a marker of poor prognosis [7.17,18.23]. On the basis of
the results reported in the literature, a high intensity signal
on T2-WIs in early-stage compressive myelopathy
indicates edema and gliosis (which may be reversible),
whereas a low intensity signal on TI1-WIs represents
myelomalacia and necrosis (which are considered irrever-
sible). In our study, SIR on TI1-WIs and postoperative
neurologic outcome correlated negatively with disease
duration. Surgical decompression of the spinal cord can
restore blood circulation to the spinal cord, reduce
swelling, and enhance regeneration of fibers, thus
reducing or normalizing the high signal intensity in the
intramedullary region. In the late stages, necrosis and
syrinx become irreversible, limiting the capability of re-
gaining neurologic function through surgery although it
may still be warranted and effective to prevent further
damage [18]. Our results also suggested that low intensity
signal on preoperative T1-WIs was a significant predictor

Table 3
Results of stepwise multivariate regression analysis

JOA improvement rate

Model: (R*=0.243, p<.01)

Variable=, B-coefficient p Value
Age —0.0884 263
SIR on T1-WIs 0.256 .00468
Preoperative JOA score 0.0986 246
Disease duration —0.212 0262

JOA, Japanese Orthopedic Association; SIR, signal intensity ratio; WI,
weighted image.

Note: All independent variables were entered into the regression
model.

Values denoted are B-coefficient values (95% confidence intervals).

of poor postoperative neurologic outcome. However, one
of the main problems in assessing signal intensity on
T1-Wls is that it is difficult to detect changes in signal in-
tensity on TI1-WIs compared with detecting changes in
high signal intensity on T2-WIs. In our quantitative anal-
ysis of the signal, 21.6% of the patients had SIR on T1-
Wils of <1 before surgery, which is a greater percentage
compared with previous reports [6,7]. To obtain reliable
results, quantitative analysis and uniformity of methods
of analysis are necessary [24]. Quantitative analysis can
potentially detect with high precision changes in low sig-
nal intensity on T1-Wls.

In the present study, the neurologic outcome was poor in
patients who showed a decrease in signal intensity on
postoperative T1-WIs, especially those in whom SIR on
T1-WIs changed from =1 to <l. A similar result may be
expected for those patients with increase in signal intensity
on postoperative T2-WIs. This finding indicates that patho-
logical changes, such as necrosis, myelomalacia, and spon-
giform changes in the gray matter, are ongoing processes
and cannot be ascertained by preoperative MRI alone [6].
Arvin et al. [25] showed that postoperative MRI findings
at 6 months were predictive of outcome; the persistence
and type of T2 signal change and lack of re-expansion of
the cord correlated with poor recovery. These results high-
light the importance of postoperative MRI in the prediction
of neurologic recovery, because signal changes may evolve
even after decompressive surgery.

Conclusion

Quantification of MRI signal changes in patients with
cervical compressive myelopathy was used in the present
study to define intramedullary signal changes in relation
to clinical outcome and prognostic significance. Low signal
intensity in the preoperative T1-WI, but not T2-WI, seems
to correlate with poor postoperative neurologic outcome.
Furthermore, decrease in signal intensity on postoperative
T1-WIs and increase in signal intensity on postoperative
T2-WIs can predict poor neurologic outcome and represent
ongoing pathological changes in the compressed spinal
cord. Preoperative and postoperative SIR on MRI could
be potentially useful for prediction of postoperative neuro-
logic outcome.
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Fig. 8. A representative case with changes in SIR on T1-WI from >1 to <1. A 62-year-old woman with cervical spondylotic myelopathy showed 28.6% (from
10 to 12) neurologic deterioration at follow-up. (A) Preoperative mid-sagittal T1-weighted MRI, (B) preoperative mid-sagittal T2-weighted MRI shows intra-
medullary increased signal intensity at C3-C4 level, (C) postoperative mid-sagittal T1-weighted MRI, and (D) postoperative mid-sagittal T2-weighted MRI
shows decrease of signal intensity on T1-WI and increase on T2-WI. MRI, magnetic resonance imaging. SIR, signal intensity ratio; W1, weighted image.
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Wi, FICHREHURES B R AR B Bk O i A
EEZLNTEY, FHIEMEGICZVWRERBEK
RHBFEFRD NS (F).

TS SRR, BT LESRE
BliZeiE 2 & OB - SRR BB IR E %
HREEM %2 COFHBEEICER L il &R

SNAHEEMOEIFEGER L ERahs,. EEY
A OWEERERETRIIZEHEEL LCiTok [H
R E MR R T O E B OIIR & B ORI
B3 % W93t | (heep:/ /wewwnanbyou.orjp/entry/
2440) DMETREZOFFREEB L EZFEANOD
015% & ENTWABY, Z ORI BRI
WC, EELIREPIREOEREO-RELT, &
[ 3,206 DIETEHVELB & U/ B 0 R G
wRRE LSBT v — MREERTo /2. Y
AL LT, BEHE L VIR AR LU
FAED EST, MRICTORFMEBRLE, A
BZAL, BB - Ei% L OREN BRI
HHENBZER, JEATUA FHEPIIAESE (NSAIDs)
L AERBERS BRI EN L LR EE L
CORBEOHRTIE, FRAOARL, EalkF

# THREEEREOME Gl L 5IHSE)

FE R

(neuropathic)

(above level)

1 # i FERIHEE -
e B BOABTE
e CEIEES BRI T EIE, AKX A
st =BT
b I B, B, BRI 2% E
SRR T
BIEHE L) L | SRR

BAHRITEEEREE (CRPS)

BIG T
(at level)

MRS (BRZET)

FHESME/ R

TEOLNVTOFEMS L UCHREES GRERENNS
FB, TOF4 =7 - FHRBEERDS)

BEEHME L Y T
(below level)

FHAME/ R CRRUIEANREGCS <, FEAE - B

-b21~




148

Chapter I1. Pathology of Pain and Pain Disorders

EEE

SE1E

Eotiatd

ERE DR E

HWERNPSIZO7

10

B BEEHL AL (at level) KBTS EREBOER

WE CSRAMERE VR 35 B ot s Bk ) ¢
46.3% &b % {, FHEGIZ174% TH o /o
BBHE L~ (arlevel) DT 62.5% D HEH)
THLN, FWOFMREE LT, SWEE, B
fanig d, EFEOE YL Lz LR, Hi
DL X B LONOFHFRZN S o7 (B)., —75,
BEEME LY TA LI (below level) 1d 38.7%
DIEBICH B, ERROMIEE LT, ot
WREOHRZF—HL L, BIEROBE LKL -
fo. KEGEFHOMAOREERE E LT, OF
Wit e e LZIREEESE, @ FHRTURE
REwEOERE (HEH) BE O RIRMEL
SV & BRI O A DE 2 b b,
FREBIG R, &b R L VR ED —
DESN, ADLR QOL 2T 34, 503
B - KA P LA L RS, FHEEB RO
e d L IdRMoB L RIcEBIR L, 5B
HEMEH G~6 7 ) ICHBEERLE’DH
B, MG 3~5 ERECHAICH D ERENS,
FHIBG R OB OFFHEE, 70~80%FE

-522-

ETLMEDL . R AR D T R A
DFEHERFEITOWT, PRI S T2 i
E s, FRERGRICE 2 A LAV B
& O FL A L OV TRk A B T2 L
BT LT WA Z EEEWREWEEZ SR
B, WAORE LT, ARl et
A RIS O BV I @ i R v & W RS
W b—1T, TRTF4 =T EIALBEHIEEC
ZunlbFbhTna.

FHIEEAR R ORI oW, FHHER
85 Bl & & & L7z A T, P14 neuropathic pain
symptom inventory (NPSI) A 2 7 %510 B U L@
HERED L IR EOEN© 7 2 2 IEDIE 48 91/
8561 (56%) TH Y, FIZ/XL AT V7 (pasesthe-
sia) /Y2 AT T T (dysesthesia) DI HE A EH W&
EhTwnaY,

INbOIREICH T HEYFEL LTid, AN
RYF v, TIMNYTFY R EOZBRRNS O
ok b=y VT FLdy CEILY AKRH
EIE (SNRYD), FEFA FhEPHVWLERTEL



