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DIAGNOSTICS

Do Quantitative Magnetic Resonance Imaging
Parameters Correlate With the Clinical
Presentation and Functional Outcomes After
Surgery in Cervical Spondylotic Myelopathy?

A Prospective Multicenter Study

Alina Karpova, MSc,* Ranganathan Arun, DM, FRCS (Tr&Orth), PGDip(Orth Engin), MRCS,*
Sukhvinder Kalsi-Ryan, BScPT, PhD,* Eric M. Massicotte, MD, MSc,*t Branko Kopjar, MD, PhD,# and

Michael G. Fehlings, MD, PhD+§

Study Design. A prospective multicenter cohort study.
Objective. To establish the relationship between preoperative
quantitative magnetic resonance imaging (MRI) parameters and
clinical presentation and postoperative outcomes in patients with
cervical spondylotic myelopathy.

Summary of Background Data. Correlation of magnetic
resonance imaging with clinical presentation and outcomes in
cervical spondylotic myelopathy is poorly understood.

Methods. A total of 134 magnetic resonance imaging scans were
reviewed from 12 sites across North America. The transverse area (TA)
of the spinal cord at the site of maximal compression was computed,
and spinal cord signal intensity (SI) changes on T1-/T2-weighted
imaging (WI) were evaluated. Detailed clinical assessments—
neurological signs, symptoms, Nurick grade, modified Japanese
Orthopaedic Association, segmental-tract score, and long-tract
score of modified Japanese Orthopaedic Association, 30-m walk
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test, Short-Form 36 questionnaire, and neck disability index were
performed at admission, 6 months, and 12 months postoperatively.
Results. The total number of neurological signs in a patient
correlated with TA (P = 0.01) and SI changes on T1-/T2WI (P =
0.05). Pre- and postoperative Nurick grade (P = 0.03, P = 0.02),
modified Japanese Orthopaedic Association score (P = 0.005, P =
0.001), segmental-tract score (P = 0.05, P = 0.006), and long-tract
score (P = 0.006, P = 0.002), 30-m walk test (P = 0.002, P = 0.01)
correlated with TA. There was no significant difference in pre- and
postoperative clinical scores in patients with/without SI changes.
Patients with severe cord compression showed SI changes on T1-/
T2WI more frequently (r = —0.27, r = —0.38). Pyramidal signs—
plantar response, Hoffmann reflex and hyper-reflexia correlated
with TA (P = 0.003, P = 0.0004, P = 0.024, respectively) and SI
changes on T1/T2WI (P = 0.02).

Conclusion. TA closely mirrors the clinical presentation of cervical
spondylotic myelopathy and may be used in predicting surgical
outcomes. Pyramidal signs correlated with TA and/or SI changes
on T1-/T2WI. The total number of neurological signs in a patient
correlated with TA. There was no significant relationship between
TA, age and duration of symptoms.

Key words: cervical spondylotic myelopathy, quantitative MRI,
clinical outcomes.

Level of Evidence: 3
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ervical spondylotic myelopathy (CSM) is the most
common underlying cause of spinal cord injury in indi-
viduals older than 55 years.! This condition is caused
by the degeneration of various components of the vertebral
column leading to narrowing of the spinal canal and subse-
quent compression in many cases.’
Magnetic resonance imaging (MRI) is commonly used
in the diagnosis and treatment of CSM. It also determines
the timing of surgical intervention, influences the type of
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surgery, and is useful in the prognosis of the outcome. Previ-
ous studies have not shown a consistent and definitive rela-
tionship between MRI parameters and the functional/neu-
rological measures used to define the severity of CSM.> In
the existing CSM literature, clinical presentation is assessed
using self-reported symptoms®!! and objective neurological
signs,'®121 Nurick grade,>'>!* modified Japanese Orthopae-
dic Association (mJOA),'-2° neck disability index (NDI),2!2
and the Short-Form 36 questionnaire (SF-36).22% It has
been suggested that MRI can predict the degree of func-
tional recovery after surgery for those with CSM. However,
definitive information is not available because MRI-based
measures in previous studies have been either qualitative in
nature,?*?” or, when quantitative, have not been prospective
cohort studies.>*?* Given these shortcomings in the existing
literature, we sought to conduct a prospective study to define
the association between frequently used quantitative MRI
parameters—transverse area (TA) and signal intensity (SI)
changes—with different neurological signs and symptoms
along with various clinical scores. We also sought to assess
the role of quantitative MRI in predicting surgical outcomes
in patients with CSM.

MATERIALS AND METHODS

Ethical approval was attained at all sites involved in the
study (12 sites across North America). A total of 277
patients with CSM (164 males and 113 females of whom
220 patients were younger than 65 yr) were consecutively
and prospectively enrolled from academic institutions
between February 2006 and November 2007. Of these,
adequate MRI sequences were available for 134 patients
(Table 1). Fifty-six patients were excluded because of medi-
cal contraindications for MRI (e.g., pacemaker). Another
87 patients who met these criteria were excluded because
of poor-quality imaging and motion artifacts that made it
difficult to perform accurate quantitative MRI measure-
ments. All patients underwent preoperative and postop-
erative imaging (computed tomography/MRI). All patients
had adequate cord decompression as confirmed by MRI
scans at 6 months postoperatively, as per study protocol.
None of them required revision surgery for inadequate cord
decompression. One hundred fourteen patients had cervical
spondylosis, 13 had herniated disc, 1 had ossification of
posterior longitudinal ligament, and 6 had a combination
of more than 1 cause mentioned in the earlier text. Poste-
rior decompression was performed in 46 patients, anterior
decompression in 84 patients and a combination of both
in 4 patients. Clinical diagnosis of CSM was confirmed
by MRI or computed tomographic findings. Inclusion and
exclusion criteria are described in Table 1.

Procedures and Outcome Measures

Data collection was monitored externally to ensure integ-
rity and completeness. Primary outcome measures included:
Nurick grade,” mJOA,” each subscore of the mJOA,
segmental-tract score (STS), and long-tract score (LTS) of
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Demographics, Clinical Findings,

and MRI Descriptive of Patients With
Cervical Myelopathy in Our Cohort

Characteristics (N = 134)
Duration of symptoms, mean * SEM 250+ 277
(mo)
Age, mean = SEM (yr) 55.6 = 1.00
Transvezrse area of spinal cord = SEM 456+ 121
(mm?)
Signal intensity changes, no. (%)
Normal T1/normal T2 44 (33)
Normal T1/high T2 65 (49)
Low T1/high T2 21 (16)
Missing 4 (2)
Sex, no. (%)
Female 49 (37)
Male 85 (63)
Severity of cervical myelopathy, no. (%)
Mild (mJOA =15) 45 (34)
Moderate (mJOA, 12-14) 51 (38)
Severe (mJOA <12) 38(28)
Cause of myelopathy, no. (%)
OPLL 1(1)
Spondylosis 114 (85)
Disk 13 (9)
More than 1 cause 6 (5)
Cervical alignment, no. (%)
Lordosis 50 (37)
Neutral 52 (52)
Kyphosis 14 (11)
Type of surgery, no. (%)
Anterior 84 (63)
Posterior 46 (34)
Both anterior and posterior 4 (3)
Improvement in 1 year, no. (%)
mJOA 2.7 £0.24
Nurick 1.4 = 0.11
Segmental* 1.5 +0.15
Long tract* 1.2 £0.14
Walking test A

(Continued)
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Characteristics (N =134)
NDI+ 11.7 £ 1.75
SF-36% 0.08 = 0.01

*Segmental and long-tract segmental score of mJOA (sum of motor dysfunc-
tion of the upper extremities and hand sensations) and long-tract score of
mJOA (the sum of motor dysfunction of the lower extremities and sphincter
dysfunction) (Hirabayashi et al*’).

+NDI.?!
#Short Form 36 (SF-36).%%

The scale assesses upper extremity function (5 points), lower extremity
function (7 points), sensory function (3 points), and urinary bladder
function (3 points). Scores range from 0-18 with higher scores indicating
better function (Benzel et al**).

Inclusion and exclusion criteria: clinical diagnosis of CSM was confirmed
by MRI or computed tomographical findings. CSM was defined as a
constellation of symptoms and signs supported by appropriate radiological
findings, including at least one neurological symptom (numb clumsy hands,
impairment of gait, bilateral arm parasthesia, Lhermitte phenomenon) and
at least 1 neurological sign (corticospinal distribution motor deficits, atrophy
of hand intrinsic muscles, hyper-reflexia, positive Hoffman sign, up going
plantar responses, lower limb spasticity, broad-based unstable gait). Patients
with asymptomatic cervical cord compression, previous surgery for CSM,
active infection, neoplastic disease, rheumatoid arthritis, ankylosing
spondylitis, trauma, and concomitant symptomatic lumbar spinal stenosis
were excluded from the study.

CSM indicates cervical spondylotic myelopathy,; OPLL, ossification of the
posterior longitudinal ligament; SEM, standard error of the mean; mJOA,
modified version of Japanese Orthopaedic Association Scale; MRI, magnetic
resonance imaging; NDI, neck disability index.

the mJOA separately,® time (Wt) and cadence (Wc) of the
30-m walk test,’! and self-reported measures (SF-36%3 and
NDI?!). The clinical scores were recorded at admission, 6
months, and 12 months of follow-up.

MRI Interpretation

Radiologists were blinded to the patient's clinical presen-
tation. They analyzed all MRI scans using 2 parameters:
TA of the spinal cord at the level of maximal compression
(Figure 1), and changes in spinal cord STon T1- and T2-weighted
sequences (T1W and T2W) (Figure 2B, A, respectively). TA
was measured on T2-weighted axial MR images with a digi-
tizer linked to a computer (Issa Network station 3.1).23132
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TA of the spinal cord was classified into 2 groups—TA .
(<0.45 cm?) and TA .. (>0.45 cm?). The cutoff point is
the critical point beyond which functional impairments of
the spinal cord become irreversible.’> The appearance of SI
changes on T1-/T2 (weighted imaging) WI sequences were
classified into 3 patterns: type 0, normal T1WI/normal T2WT;
type 1, normal T1WI/high T2WI; and type 2, low T1WT/high
T2WI.463 Increased or decreased SI was defined on the T2W
sagittal images and T1W axial images, respectively, as a high-
intensity area in relation to the signal of the normal medulla at
the unaffected level. Earlier studies have reported this method
to be reliable and the concordance correlation coefficient

between 2 observers on a single occasion was 0.62 (k = 0.37;
P =0.0063).

Statistical Analysis

Univariate analyses were carried out for all neurological
symptoms, signs, and outcome measures. Where it was appli-
cable, recovery ratio or change in scores was calculated and
correlated with the quantitative preoperative MRI param-
eters. Statistical analysis included the Fisher protected least
significant difference, Spearman rank correlation, and Mann-
Whitney tests. A P value of less than 0.05 was selected as sig-
nificant. All analyses were performed using constructed data
sets in SAS version 9.3 (SAS Institute Inc., Cary, NC).

RESULTS

There were 85 males and 49 females in this cohort with their
mean age being 56 years (range: 29-82 yr). Table 1 presents
the demographics and diagnostic characteristics of the sam-
ple. Six-month and 12-month follow-up assessments were
performed in more than 80% of the cases.

Overall there were improvements at 6 months and
12 months postoperatively for the mJOA score (2.18 =
0.22 and 2.68 = 0.24), STS of mJOA score (1.18 = 0.13
and 1.46 * 0.14), LTS of mJOA score (1 + 0.14 and 1.22 =+
0.14), Nurick grade (1.18 * 0.12 and 1.41 = 0.11), change
in Nurick grade (0.44 = 0.06), and NDI (10.50% = 1.74%
and 11.71% * 1.75%) (P < 0.05). There were also improve-
ments in the SF-36 Index (0.06 = 0.01 and 0.08 = 0.01),

Figure 1. Measurements for the TA of the spinal cord
using T2-weighted axial MR image with a digitizer
linked to a computer (Issa Network station 3.1). TA
indicates transverse area; MR, magnetic resonance.
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Figure 2. T2-weighted sagittal MRI (A) of the cervical spine with SI changes in the spinal cord as indicated by the white arrow head and T1-
weighted sagittal MRI (B) of the cervical with SI changes in the spinal cord as indicated by the arrow head. The appearance of spinal cord Sl
changes on T1-/T2-weighted sequences was classified into 3 patterns: type 0, normal T1WI/normal T2WI; type 1, normal T1WI/high T2WI; and
type 2, low TTWI/high T2WI. Increased or decreased SI was defined on the T2WIs and T1WIs, respectively, as a high-intensity area in relation to
the signal of the normal medulla at the unaffected level. MRI indicates magnetic resonance imaging; S, signal intensity; WI, weighted imaging.

Wt (18.06 = 4.54 s and 18.06 = 4.54), and Wc (16.35 =
3.33 and 16.35 * 3.33 steps). All scores were significantly
lower, indicating improvement, postoperatively (P < 0.05).
There was also a significant difference between these scores at
6 months compared with those at 12 months postoperatively
(P < 0.05) except for the self-reported scores NDI and SF-36
Index scores (P = 0.26, P = 0.19, respectively).

Association Between Quantitative MRI Parameters

and Clinical Features

Total number of neurological signs recorded in a patient cor-
related with TA but not with SI changes (r = 0.34, P = 0.013
and r = 0.14, P = 0.054). TA and SI changes correlated with
upgoing plantar reflex and numbness of hands. TA indi-
vidually correlated with Hoffman and hyper-reflexia and SI
changes with Lhermitte phenomenon (Table 2). Interestingly,
26 of the 43 patients with MR images showing no SI changes
and 48 of 62 with T2 SI changes had Lhermitte phenomenon,
whereas 16 of 19 patients with both T1 and T2 SI changes
exhibited this phenomenon (P = 0.021). The overall preva-
lence of myelopathic signs and symptoms were higher among
people who exhibited T2SI changes, as shown in Figure 3.

Association Between TA and Patient Demographics/
Outcome Scores

There was no significant relationship between TA, age, and
duration of symptoms (P > 0.05). Consistently, an associa-
tion between TA and baseline mJOA scores (r = 0.24, P =
0.005), Nurick grade (r = —0.3, P = 0.03) and Wt (r = —0.3,
P = 0.0015) was observed. At 6-month follow-up, patients

Spine

with a lesser degree of spinal cord compression or high TA
had lower postoperative Nurick grade (r = —0.23, P = 0.02),
We (r = —0.26, P = 0.01), and a higher mJOA score (r = 0.3,
p = 0.001). Similar results were seen at 12 months; patients
with high TA had lower postoperative Nurick grade (r =
—0.18, P = 0.047), decreased Wt (r = —0.22, P = 0.04),
decreased Wc (r = —0.27, P = 0.01), and higher mJOA score
(r =0.22, P = 0.02) (Tables 2, 3).

Association Between Sl and Patient Demographics/
Outcome Scores

There was no significant relationship between SI, age, and
duration of symptoms (P > 0.05). More specifically, the
mean duration of symptoms was 25.5 = 8.74, 24.3 * 7.65,
and 25.1 £ 9.2 months in groups with SI changes on T2W1I
only, T1-/T2WI and normal, respectively. For analysis of SI,
the sample was divided into 3 groups: 44 patients had no
SI changes, 65 patients had SI changes on T2WI only, and
21 patients had SI changes on both T1 and T2WI. The data
showed no significant association between SI changes on
either T1 or T2WI, or both, and clinical outcomes as mea-
sured by mJOA, Nurick grade, STS and LTS functions of
mJOA score, Wt, Wc, NDI, and SF-36 Index (Table 2). There
was a trend toward a better functional status, measured by
mJOA, Nurick grade, SF-36, NDI, and Wt, associated with
hypointensity on T1WI and hyperintensity on T2WI at
6-month follow-up. Improved functional status, measured by
Nurick grade, mJOA, SF-36, and the NDI scales, was associ-
ated with high T2SI at 12-month follow-up (Table 4). How-
ever, the trend was insignificant.
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Correlation of Preoperative MRI-Based Measures of the Degree of Severity of CSM and

Preoperative Clinical Presentation in the Cohort (r and P, Significance is 0.05)

Normal T1/Normal T2 vs. Normal T1/
Clinical Measure Transverse Area of Spinal Cord (mm?) High T2 vs. Low T1/High T2
Signs count r=20.34, P=0.013 r=0.14, P = 0.0542
Corticospinal distribution motor deficits NS NS
Atrophied hand NS NS
Hyper-reflexia r=0.19, P = 0.0242 NS
Positive Hoffman sign r=0.30, P = 0.0004 NS
Up going plantar responses r=0.26, P = 0.0028 r=-0.2,P=0.0188
Lower limb spasticity NS NS
Broad-based, unstable gait NS NS
Symptoms count NS NS
Numbness of hands r=0.18, P = 0.0359 r=-0.2,P=0.0173
Clumsy hands NS NS
Impaired gait NS NS
Bilateral arm paresthesia NS NS
Lhermitte phenomenon NS r=0.2,P=0.0182
Weakness NS NS
mJOA total r=0.24, P = 0.005 NS
Motor dysfunction of the upper extremities r=0.22, P =0.008 NS
Motor dysfunction of the lower extremities r=0.19, P=0.03 NS
Sensation NS NS
Sphincter dysfunction r=0.22, P =0.0414 NS
Upper limbs r=0.17, P = 0.05 NS
Long tract r=20.23, P=0.01 NS
Nurick r=-0.3,P=0.03 NS
SF-36 NS NS
NDI NS NS
Walking time r=-0.3, P =0.0015 NS
No. of steps NS NS

MRI indicates magnetic resonance imaging; CSM, cervical spondylotic myelopathy; mJOA, modified Japanese Orthopaedic Association; SF-36, Short-Form 36
questionnaire; NDI, neck disability index; NS, not significant.

Association Between SI and TA

(Or TAcritical and TAnqncrilicaI) . . .

We correlated TA with SI changes in patients with any form
of SI changes and a significant correlation was found (r =
—0.27, P < 0.0001). Interestingly, when TA was compared
across 2 groups (presence vs. absence of SI changes on T2WI
only), an even stronger correlation was found (r = —0.38,
P < 0.0001). Fifty-eight patients were found to have TA ., of

which 47 (81%) had SI changes. Of these, 37 had SI changes
on T2WI only (63.8%). In patients with TA greater than the
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critical value, 34 patients had SI changes (50%) and 25 of
these had changes only on T2WTI (37%). Hence, patients with
TA less than critical have a higher chance of developing SI
changes, especially so on T2WI (P = 0.0023).

DISCUSSION

The relationship between the degree of radiologically
observed cord compression with baseline clinical sever-
ity scores and their predictive value is still controversial in
the setting of CSM. 5161920283437 Tn our study, there was an
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Figure 3. Bar graph shows the frequency of each sign and symptom in
patients with CSM with no signal intensity changes on T1- or T2WI,
patients with high T2 signal change, and patients with both high T2
and low T1 signal changes. CSM indicates cervical spondylotic my-
elopathy; WI, weighted imaging.
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overall improvement in clinical outcomes at 6 months com-
pared with the preoperative scores. When objective scales
were used, patients continued to improve up to 12 months
postoperatively, however, self-reported scores failed to reflect
this. This is perhaps a reflection of the fact that patients with
CSM undergoing surgery noticed a maximal improvement in
their quality of life in the first 6 months and/or the sympto-
mology of pain and well-being were not improved with the
procedure.

Quantitative MRI Parameters and Clinical Features
Controversy remains regarding the neurological signs and
symptoms of CSM. The total number of neurological signs
recorded in a patient had a strong relationship with TA. We
suggest that this could be due to progression in the mechani-
cal and vascular compromise to the cord, resulting in a greater
number of deficits. It has been shown in animals that one of
the potential molecular mechanisms of progressive loss of
neurons and demyelination in the cord is progressive cord
compression.

Both TA and SI correlated with upgoing plantar reflexes
and numbness of hands: TA individually correlated with
Hoffman Sign and hyper-reflexia and SI with Lhermitte phe-
nomenon. Few studies have attempted to establish an associa-
tion between MRI findings and clinical signs/symptoms, 23946
Hyper-reflexia was associated with the preoperative SI
changes on both T1-/T2WI and was found in patients with
poorer outcomes after surgery.’? In our study, although SI
changes on T1 and T2 did not correlate with hyper-reflexia,
the degree of spinal cord compression (TA) did. It was also
found that sphincter dysfunction correlated to the degree of
spinal cord compression observed on MRI and, therefore, the
clinical severity of CSM. However, sphincter dysfunction is
inconsistently reported as a clinical symptom of CSM.%-1120
Moreover, unlike previous studies,”>'**” our study found
no association between MRI-based measures of spinal cord
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compression and clinical features such as leg spasticity, hand
muscle atrophy or gait impairment. The clinical definition of
CSM continues to remain ambiguous.'>!%#44 The presence
of pyramidal signs such as hyper-reflexia, Hoffmann Sign, clo-
nus, and Babinski Sign, are considered to be the key features
of myelopathy.*® It is recommended that the clinician focuses
on these signs in the preoperative assessment because they
indirectly indicate the degree of cord compression and hence
dictate the urgency for surgical decompression. Also, the fact
that these quantitative MRI parameters correlated with both
clinical signs and baseline mJOA, make them a more sensitive
measurement tool.

Association Between TA, Sl, and Patient
Demographics/Outcome Scores

Our study demonstrated that TA consistently correlated
with the severity of CSM on presentation and after surgery.
Other studies have shown associations between MRI find-
ings and pre- and postoperative JOA and mJOA scores.*’!
In this study, there was no statistically significant correla-
tion between SI changes and clinical outcomes at 6 months
and 12 months in our study. This trend was consistent
across “multiple clinical scales.” Similar trends with lack
of statistical significance were found in prior clinicoimaging
studies.!?20:28:343537 Other studies showed that the presence
of SI changes on T2WI seemed to be a promising predic-
tor of higher functional recovery.>!3¢52 In addition, in our
study we used a T1-weighted sequence to help differenti-
ate the phases of neural damage. On the assumption that
a hypointense signal in the cord on TIWI reflects more
severe damage to neural tissue, perhaps irreversible isch-
emia or frank infarction, a poorer clinical outcome would
be expected. Morio et al* reported a significant role of SI on
T1WI in patients’ with worse outcomes after surgery. How-
ever, our study found no differences in preoperative and
postoperative clinical observations regardless of SI changes
on T1WI. Although no relationship was detected between
SI and postoperative outcome in this study, findings from
others and a larger study from our own team®? are not in
keeping with this. It may be that this study was underpow-
ered to detect the relationship or those other factors such
as variability of MRI technique or lack of validated assess-
ments to quantitate SI changes affected the current findings.

The Separate Functions of the Long Tracts

and Involved Segments

Splitting the mJOA into its separate components enables
researchers to understand if any specific functions are
affected by cord compression to a greater extent than the
global mJOA score. Our study found that both STS and
LTS functions are affected equally (with similar correla-
tion coefficients, both being statistically significant) when
the spinal cord is compressed. We could not identify a sig-
nificant relationship between SI changes and any specific
function of the global mJOA score. However, other studies
have reported that SI changes on axial T2WI were signifi-
cantly more frequent among patients with CSM with STS
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Correlation of Preoperative MRI-Based Measures of the Degree of Severity of CSM and

Postoperative Outcomes in the Cohort (r and P, Significance is 0.05)

Transverse Area of Spinal Cord (TA) and Transverse Area of Spinal Cord (TA) and
Clinical Measure Postoperative Score at 6-mo Follow-up Postoperative Score at 12-mo Follow-up
Nurick (postoperative score) r=-0.23,P=0.02 r=—0.18, P = 0.047
Change in Nurick NS NS
Recovery ratio (%) r=-0.19, P = 0.05 NS
mJOA (postoperative score) r=20.3, P=0.001 r=0.22, P=10.02
Chszzr(;grg)in mJOA (postoperative NS NS
Recovery ratio, mJOA score (%) NS NS
M(ét)?[:ed%?gg;ction of the upper NS NS
Motor dy§fynction of the lower F = 0.34, P = 0.0204 NS
extremities
Sensation r=0.28, P = 0.0265 r=0.27,P=0.0148
Sphincter dysfunction NS NS
Upper limbs r=0.26, P = 0.0061 r=20.23,P=0.0136
Long tract r=20.29, P=0.0015 r=20.19, P =0.0415
SF-36 NS NS
NDI NS NS
Walking time NS r=-0.22, P =0.04
Walking (no. of steps) r=—0.26, P = 0.01 r=-0.27, P =0.01
MRI indicates magnetic resonance imaging; CSM, cervical spondylotic myelopathy; mJOA, modified Japanese Orthopaedic Association; SF-36, Short-Form 36
questionnaire; NDI, neck disability index; NS, not significant.

problems rather than LTS problems assessed at 3 months
postoperatively.?® All our patients were followed up postop-
eratively at 2 time points (6 and 12 mo), considered to be
the optimal points in recovery after decompressive surgery.
The differences between our results and the study of Hira-
bayashi et al’® 2000 could be attributed to the timing of
follow-up assessment.

Association Between Sl and TA ..

Our results found a significant correlation between TA and
pathological changes in the spinal cord such as SI changes
on T1 and T2WIL. In contrast, several studies reported no sig-
nificant relationship between the presence of SI changes and
TA of the spinal cord found on MRI in patients with cervical
myelopathy.’*** Duration of symptoms tends to be longer in
patients with SI changes on T1-/T2WI. Our findings highlight
that there may be a critical value (TA . ) at which the spinal
cord loses its resilience and fails to accommodate compres-
sive forces.>* TA correlated with SI changes in our study, as
anticipated. However, contrary to expectation, TA was found
to be lowest in patients with SI changes on T2-weighted MR
images only and not in the group with changes in both T2
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and T1WI. There is a neuropathological correlation with
T2SI changes in the form of cystic necrosis resulting from
mechanical compression and venous infarction.?® Others have
found an association between T2SI and gliosis, myelomalacia,
cystic necrosis, and syrinx formation.>**-*% It is possible that
the data from our study indirectly provide support for the
fact that T2SI changes are more detrimental to the clinical
outcome than T1SI changes. Recently, the volumetric analy-
sis has been suggested as a more sensitive measure for cord
compression but this is still needs to be confirmed by further
studies.*

LIMITATIONS

Although a prospective study holds advantages in overcom-
ing some of the limitations of previous retrospective studies
in CSM. There are still a few shortcomings in our study.
Ideally, the presence of a control group and randomization
would allow MRI characteristics to be adequately correlated
with the postoperative prognosis. However, because these
patients were surgical candidates, randomization was not
possible. Therefore, we conducted a prospective cohort study
with stringent criteria of MRI interpretation. Furthermore, a
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Associated Irenc oNa Droveme pups at 6- and DIl )

Clinical Measure Normal T1/Normal T2 Normal T1/High T2 Low T1/High T2
Nurick (preoperative score) 3.9 £0.26 4.2 *+0.24 4.0 £0.21
Nurick (postoperative score) at 6 mo 2.8+0.43 3.0 £ 0.41 2.4 *+0.36
Nurick (postoperative score) at 12 mo 26*04 2.5+0.38 2.7 033
mJOA (preoperative score) 13.5+0.73 12.7 = 0.69 13.1 = 0.60
mJOA (postoperative score) at 6 mo 15.5 = 0.77 15.0 £ 0.74 16.0 = 0.65
mJOA (postoperative score) at 12 mo 15.9 = 0.68 16.1 = 0.35 15.7 £ 0.56
Recovery ratio at 6 mo (%) 11.40 £ 4.14 12.50 = 4.01 12.30 = 3.56
Recovery ratio at 12 mo (%) 13.06 = 4.37 17.90 = 4.16 12.50 = 3.65
Change in mJOA (postoperative score) 1.99 + 0.74 23+ 071 23+ 063

at 6 mo
Change in mjOA postoperative score) 23+0.76 33+0.72 23+ 0.63
Recovery at 6 mo (%) —0.87 £ 0.35 —0.79 = 0.34 —1.07 £ 0.07
Recovery at 12 mo (%) —0.35 = 0.08 —0.43 = 0.08 —0.29 = 0.07
SF-36 index 0.55 = 0.04 0.60 * 0.04 0.62 = 0.03
SF-36 index at 6 mo 0.63 * 0.05 0.66 * 0.04 0.69 * 0.04
SF-36 index at 12 mo 0.66 * 0.05 0.69 * 0.04 0.65 *+ 0.04
NDI 41.7 =594 39.7 = 5.61 34.0 = 4.85
NDI at 6 mo 31.7 £ 6.31 279 = 6.04 23.4 £5.30
NDI at 12 mo 30.6 =£5.43 249 £6.18 28.6 = 5.43
Walking time 26.1 = 5.44 30.8 =5.30 28.7 = 4.50
Walking time at 6 mo 27.1 £3.95 24.6 = 3.90 21.9 = 3.42
Walking time at 12 mo 23.5 =3.13 27.0 = 3.61 23.2 +3.13
Walking (cadence) 42.9 = 4.36 47.2 = 4.26 42.7 +3.60
Walking (cadence) at 6 mo 39.9 =4.10 43.5 = 4.04 41.1 = 3.55
Walking (cadence) at 12 mo 39.8 =3.80 41.7 = 3.63 39.8 = 3.80
Values denote mean *+ SD.
JOA indicates modified Japanese Orthopaedic Association; SF-36, Short-Form 36 questionnaire; NDI, neck disability index.

12-month period of follow-up is sufficient to detect optimal
recovery; a longer period of follow-up would be desirable in
future studies to understand the long-term effects of decom-
pressive surgery and ongoing neurological change.

We also acknowledge that there may be statistical limita-
tions in our article that could explain why some of our find-
ings, such as those showing that SI was not correlated with
clinical presentation or clinical outcome scores, are not con-
sistent with the literature. Work from our group®® has pre-
sented more valid, quantitative approaches to assessing MRIs
in future work in this area. Despite these limitations, we think
that the study makes a useful contribution to a controversial
area of study.

Spine

CONCLUSION

TA of the spinal cord seems to be a reliable MRI parameter
to define the clinical severity of CSM and also to be used
as a predictor of postoperative outcomes. We did not find
a correlation between clinical presentation or postopera-
tive outcomes and SI changes on T1-/T2WI but cannot rule
out that this relationship exists. The total number of neuro-
logical signs recorded in patients correlated with the degree
of spinal cord compression (TA) for those patients. Upgo-
ing plantar reflexes, numbness of hands, Hoffman Sign,
hyper-reflexia, and Lhermitte phenomenon seem to be the
more important clinical signs of CSM as they directly cor-
related with the degree of cord compression. In particular,
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pyramidal-tract signs such as plantar response, Hoff-

mann reflex and hyper-reflexia correlated with TA and/or SI
changes on T1-/T2WI.

> Key Points

U A prospective multicenter trial of patients with
CSM attempting radiological correlation with
clinical features and postoperative outcomesin a
large sample was studied.

U TA of the spinal cord is a reliable MRI parameter
to define clinical severity of the total number of
neurological signs present in a patient correlated
with the degree of spinal cord compression.

U Upgoing plantar reflexes, numbness of hands,
Hoffman reflex, hyper-reflexia, and Lhermitte
phenomenon seem to be the clinically significant
signs of CSM.
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