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Abstract:

Background: Magnetic resonance imaging (MRI) is a potential tool for the objective assessment of spinal cord injury
(SCI) because it correlates well with the spatial and temporal extension of spinal cord pathology. This study aimed to sys-
tematically identify currently available scoring system based on MRI parameters, including measurement of the spinal cord
lesion length in sagittal view (intramedullary lesion length (IMLL)) and morphology of the lesion in axial view (Brain and
Spinal Injury Center (BASIC) score).

Methods: A systematic search was conducted using the PubMed/MEDLINE database for English-language studies with
the keywords “cervical,” “spinal cord injury,” “scoring system,” “scoring,
ing” to systematically identify the scoring system based on MRI parameters. The main outcomes of interest are the scoring
system’s inter- and intraobserver reliabilities and its predictive accuracy of neurological outcome.

Results: After assessing the full text and applying the inclusion and exclusion criteria, 13 articles were found to be eligi-
ble. The inter- and intraobserver reliabilities were rated as good until perfect for increased signal intensity (ISI), maximum

99

classification,” and “magnetic resonance imag-

canal compromise (MCC), maximum spinal cord compression (MSCC), BASIC score, cord-canal-area ratio, space available
for the cord, and the compression ratio. The weighted mean difference of IML between the group with converted ASIA Im-
pairment Scale (AIS) grade and the group without conversion is 31.79 (I'=93%, P=0.008). The percentage of agreement be-
tween the initial BASIC score of 4 with AIS grade of A at follow-up is 100%.
Conclusions: Certain MRI parameters, including IML and BASIC score, have good reliability and correlate well with
neurological outcome, making them candidates for building simple and objective scoring system for cervical SCI.
Level of Evidence: 2A
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Background

Spinal cord injury (SCI) is one of the most significant
challenges in medicine owing to its generally bad outcome,
especially in patients with cervical illness. The prognosis of
SCIT is usually assessed with patient’s initial American Spi-
nal Injury Association (ASIA) score when first admitted to
the emergency room. The ASIA scoring system is irreplace-

able in the initial assessment, yet it still has limitations"”.

Therefore, to improve treatment decision and prediction of
outcome, magnetic resonance imaging (MRI) can be used to
provide additional objective assessment of the injury sever-
ity. Even though there is currently an array of methods to
measure pathological signal changes in the MRI of trau-
matic cervical SCI cases, there is still no clear guideline re-
garding the best parameters that can be employed.

MRI is a potential tool for the objective assessment of pa-
thology in the spinal cord. Despite the patient’s conscious-
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Table 1. Inclusion and Exclusion Criteria Based on PICO.
Inclusion criteria Exclusion criteria
Population Spinal Cord Injury * Animal studies
e Traumatic ¢ Thoracic, thoracolumbar, lumbar, and lumbosacral levels
* Cervical level * Underlying congenital condition or neoplasm
e Adult 18-65 years old
Intervention e« Classification system and scoring system based on quantitative ¢ Functional MRI
measurement of parameters in magnetic resonance imaging e Diffuse tensor imaging (DTI)
(MRI) for traumatic cervical SCI « Qualitative MRI parameters
* MRI performed preoperatively and/or less than 48 h
Control * No comparison needed NA
Outcome Primary outcome measures * Study is ongoing and no results have been reported

* Scoring system characteristic

» Qutcome measures not reported in completion

* Correlation between the MRI scoring system and clinical outcome
parameters including AIS conversion and AIS at follow-up

* Reliability

ness or ability to follow instructions, MRI will display the
exact pathology in the spinal cord, including the precise
level of pathology. This can later be used to predict neuro-
logical outcomes. For example, normal spinal cord appear-
ance on MRI upon admission has been linked to full recov-
ery to ASIA E, whereas the hemorrhagic pattern on MRI
has been linked with worst neurological outcomes. This re-
lationship between spinal cord imaging in MRI and neuro-
logical outcomes is not influenced by the patient’s initial
neurological status®”. The difficulty of determining incom-
plete or complete ASIA status in emergency setting might
contribute to the inaccuracy of the initial ASIA status to pre-
dict neurological recovery”.

Additional advantages of MRI include its high correlation
with the spatial and temporal extensions of spinal cord pa-
thology”. MRI can also show the dynamic process of SCI,
including the progression of hemorrhage and edema in the
spinal cord. Rupture of the microvasculature in the central
gray area initially results in a focal hemorrhage at the injury
epicenter, followed later by expansion of the hemorrhage,
edema formation, and spinal cord swelling. According to
animal studies, these histopathology changes over time can
be illustrated by the dynamic changes of signal abnormality
shown in the MRI images”. Clinical studies also found that
the timing of MRI is crucial for the use of an MRI image to
predict the neurological outcome®.

With the increasing number of methods to assess MRI
images in SCI patients quantitatively, it is pertinent to have
a clear guideline on what and how to assess MRI, which
will help clinicians in making treatment decision. Early
studies described sagittal T2-weighted sequences to be the
only images beneficial in the diagnosis and prognosis of
SCI. Recently, axial sequences were also found to have sig-
nificant clinical benefits”. Therefore, the objective of this
study was to systematically review preoperative MRI pa-
rameters in traumatic cervical SCI cases, which correlate
best with the treatment outcome.

Methods

This systematic review was registered in PROSPERO and
conducted in accordance with the PRISMA guidelines.

Search strategy and selection criteria

We searched MEDLINE, Embase, CINAHL, Web of Sci-
ence, Cochrane Central Register of Controlled Trials (CEN-
TRAL), and ClinicalTrials.gov. The language was limited to
English. Our search terms were as follows: “cervical” AND
“spinal cord injury” AND (“score” OR “scoring” OR “scor-
ing system” OR “classification” OR “classification system”)
AND (“MRI” OR “magnetic resonance imaging”’). The
terms “scoring system” and ‘“classification system” are used
as they describe a systematic way of calculating certain MRI
parameters to produce a range of numerical values and clas-
sifying each certain range.

The articles were selected based on the inclusion and ex-
clusion criteria according to PICO (Population, Intervention,
Comparison, Outcome), as presented in Table 1. Data were
collected from each article by two independent reviewers,
with disagreements resolved by reaching a consensus and, if
required, consultation with a third reviewer. Data were re-
corded in a form developed previously. The Joanna Briggs
Institute checklist for diagnostic articles” was used to assess
the quality of the included studies.

Data extraction

Data were collected from each article by two independent
reviewers, with disagreements resolved by reaching a con-
sensus and, if required, consultation with a third reviewer.
Data were recorded in a form developed previously in an
Excel spreadsheet.

The data extracted include participant demographics,
baseline characteristics of surgical treatment and the MRI
classification system used, inter- and intraobserver reliabili-
ties, and percentage of agreement with clinical outcome
such as ASIA score improvement and recovery rate.
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Figure 1. Flow diagram of the selection process.

Data synthesis

Data from all studies were extracted and categorized
based on the method of assessing MRI, the factors consid-
ered in the classification system, and the interpretation of
the scoring system.

To synthesize the outcome data, we extracted data regard-
ing (1) classification system reliability (inter- and intraob-
server reliabilities, as expressed in kappa values) and (2)
predictive values (percentage of agreement with the clinical
outcome, specificity, sensitivity, and correlation coefficient).
To assess the value of the MRI scoring system, we checked
its correlation with the clinical outcome parameters, such as
the ASTA Motor Score (AMS) and AIS.

Data were analyzed using Review Manager (RevMan)
version 5.3. For comparison of continuous data, the mean
difference (MD) with 95% confidence interval was esti-
mated. A P-value of <0.05 was considered statistically sig-

Reports sought for retrieval Reports not retrieved
2| | n=34 | n=22)
'E
5 L J
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po igibility

Records removed before screening:
Duplicate records removed (n =
168)
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reasons: irelevant type of study
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Records excluded (by a human)
(n=53)

Reports excluded:
(n=0)

nificant. The heterogeneity among the cohort studies was as-
sessed by Cochrane’s Q (x°, P<0.10) and quantified by F.
The random-effects model was applied to address the high
degree of heterogeneity (>50%).

Results

Literature search and study characteristics

The preliminary electronic search of all databases resulted
in 679 records, which were screened for duplicates, publica-
tion period, and language. The 87 remaining articles were
subsequently studied by two independent investigators based
on a form developed previously. This selection process
yielded 12 articles to be assessed for eligibility based on the
full texts (Fig. 1).
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Figure 2. Risk of bias from all studies.

Quality assessment

Among 12 studies, 11 had less than three invalid parame-
ters. One study was considered to have high risk of bias ow-
ing to its case-control design (Fig. 2). Most of the studies
did not have a pre-specified threshold and observed specific
characteristics or measure parameters on the MRI.

Baseline characteristics

From 12 studies, there were 3 prospective studies, and the
earliest was published in 2007. In this study, a total of 929
SCI patients were analyzed. Several clinical scoring systems
were used in the previous studies, including the AMS and
AIS. The follow-up period ranged from 23 days to 94
months. The level of cervical injury was mostly subaxial,
and the timing of examination was less than 48 h after in-
jury. The longest MRI timing was 3 days, and the shortest
was 1 h. In the MRI assessment from axial view (Brain and
Spinal Injury Center (BASIC) score)™'”, a short follow-up
period of less than 3 months was adopted. Only one study
combined the use of radiological assessment and laboratory
assessment'” (Table 2). The description summary of all MRI
parameters and classifications is presented in Table 3.

dx.doi.org/10.22603/ss11.2021-0255

Reliability

One study concluded that their system is reliable based on
the intra- and interclass correlation coefficient (ICC)"”. An-
other study concluded that their Interobserver CC ranged
from good (transverse spinal cord diameter measurement) to
perfect (transverse spinal cord area measurement)”. The in-
terobserver reliability depends on the number of observers,
with a large number of observers related to lower kappa val-
ues. One study with seven observers had an excellent in-
terobserver reliability (Table 4).

Percentage of agreement with clinical scores

There were more cervical MRI images assessed from the
sagittal window, and the MRI parameters included increased
signal intensities (ISI), lesion length, maximum spinal cord
compression (MSCC), maximum canal compromise (MCC),
intramedullary lesion (IML), and rate of IML expansion.
From the axial window, the MRI parameters included BA-
SIC score, cord canal ratio, and space available for the cord.
One scoring system combined the axial and sagittal views:
Combined Axial and Sagittal score.

Several studies found a significant correlation between ISI
and pre- and postoperative AIS grade as early as 2 weeks
and in the long-term follow-up. As for the lesion length,
there was a significant correlation with follow-up AIS,
AMS, and AIS grade conversion. The parameters most
measured from the T2 sagittal view were MSCC and MCC.
Recent studies found no association between MSCC and
neurological outcome', and another study found MSCC to
be worse than the other MRI parameters in predicting neu-
rological outcome'. Older studies found a strong correlation
between MSCC and MCC with AIS and baseline neurologi-
cal status. IML is correlated better than MCC/MSCC with
neurological outcomes such as AIS grade conversion. The
weighted MD of IML between the group with converted
AIS grade and the group without conversion was 31.79 (I'=
93%, P=0.008) (Fig. 3). A weighted mean IML difference
of 31.79 was significant between the population who eventu-
ally underwent AIS conversion and the population who did
not. In multiple regression analysis, the rate of IML expan-
sion was also highly correlated with AIS grade. As for the
MRI axial view assessment, the BASIC score was highly
correlated with neurological outcome, based on 100% agree-
ment between the initial BASIC score of 4 with AIS grade
of A at follow-up. However, the follow-up period in two out
of three studies about the BASIC score was as short as 1
month” (Table 5 and Table 6).

Discussion

To provide a commonly accepted classification that might
guide treatment, two crucial elements should be adopted: (1)
the classification needs to create a worldwide common lan-
guage concerning the recognition of injury types (accuracy),
and (2) the treatment recommendation by the classification
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should be highly correlated with the actual treatment (clini-
cal usefulness)'”. There are currently a number of scoring or
classification systems for cervical SCI, including the com-
monly utilized ASIA, AIS, Frankel scale, and AMS®. This
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and provides objective assessment.

The principal finding of our study was that the effort ex-
erted in the quantitative assessment of MRI results in the
development of a reliable classification system that corre-
lates well with the neurological outcome in patients with
cervical SCI. However, there are still controversies regarding
which method of measurement best predicts the neurological
outcome. There are two factors that should be considered:
(1) timing of the MRI examination and (2) anatomical view
to assess the extension of injury'.
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Table 3. Summary of MRI Classification and Parameters for Cervical Spinal Cord Injury.

MRI Parameters

Formula

Classification

T2 Sagittal

Increased signal Intensities
Isp

Intramedullary high signal intensities measured at the
narrowest level

- Grade 0, none;
- Grade 1, light (obscure);

- Grade 2, intense (bright or similar to the signal from
the cerebrospinal fluid)

Lesion length

Maximum cranio-caudal length of signal abnormality

Hemorrhage <4 mm has good prognosis.'”

Maximum spinal cord com-
pression (MSCC)

Percentage decrease in the sagittal diameter of the
spinal cord at the level of maximum spinal cord com-
pression with respect to the expected sagittal diame-
ter of the spinal cord (mean value of the sagittal di-
ameter measured at the uninjured levels directly
above and below the level of maximum spinal cord
compression)

MSCC values divided into 2 categories (<0% and
>0%)'>

Maximum canal compromise
(MCC)

Cord diameter at maximum stenosis (Di) measured at
the point of maximum cord compression, diameter at
the nearest normal cranial level (Da), and diameter at
the nearest normal caudal level (Db). These values
are used to calculate MCC: (1-Di/ (Da+Db)
/2)x100%"'"

MCC values divided into 3 categories (<25%, 25%—
50%, >50%)'>

Intramedullary Lesion (IML)

The rostrocaudal length of T2 signal change was
measured in the mid-sagittal section

IML values were divided into 5 (0—4) categories based
on length (<10 mm, 10.1-20 mm, 20.1-30 mm, 30.1-
40 mm, and >40 mm)

Rate of IML expansion®?

Rate=(IML2-IML1) / (Interval 2—Interval 1)

NA

T2 axial

Brain and Spinal Injury Cen-
ter (BASIC) score

A single axial image with the most severe SCI was
identified for the scoring.

0: normal spinal cord T2 relaxivity without appreciable
pathological intramedullary signal

1: Pathological T2 hyperintensity confined to the spinal
gray matter

2: Hyperintensity extended beyond the margins of the
central gray matter and obscured the gray-white mar-
gins but did not involve the entire transverse extent of
the spinal cord

3: Hyperintensity involved the entire transverse extent
of the spinal cord, without any residual normal-appear-
ing white matter

4: BASIC score 3 injury with additional superimposed
discrete foci of intramedullary T2 hypointensity at-
tributed to the presence of macroscopic intramedullary
hemorrhage

Cord-canal-area ratio

Division of transverse cord area by the transverse ca-
nal area

NA

Space available for the cord

Subtraction of the sagittal canal diameter from the
sagittal cord diameter

NA

T2 sagittal and axial

Combined Axial and Sagittal
score (CASS)

Combining the BASIC score (0-4) and the IML ordi-
nal categories (denoted as 1, 2, or 3, respectively)

Ranges from 1 to 7, which was further sub-divided into
<3, 4-5, or 26

dullary T2 hypointensity superimposed on T2 hyperintensity,
and it indicates the worst prognosis. Swelling has been asso-
ciated with T2 hyperintensity, even though it is nonspecific.
In all the studies presented here, MRI examination was
conducted in an acute setting, mostly before 48 h. The main
practical reason of very early MRI examination is for surgi-
cal decompression to be performed as early as possible.
However, one study found a more significant correlation be-
tween the parameters and neurological outcome when MRI
was performed 2-3 days after injury rather than 0-1 day™. It

has been demonstrated that edema and hemorrhage are best
detected in T2-weighted image during the subacute phase.
Due to the dynamic process, it is mandatory to consider the
timing of MRI examination before obtaining the MRI pa-
rameters. MRI examination conducted in the acute phase,
that is, 48-72 h after injury, is desirable for guiding progno-
sis.

MRI anatomical view: Sagittal or axial?

Longitudinal expansion of hemorrhage as seen in the sag-

7
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Table 4. Reliability.
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No Author (year) Intraobserver reliability Interobserver reliability Number of
observers
1 Song KJ (2016)'? Intraclass Correlation Coefficient=0.63 (reli- Interclass Correlation Coefficient=0.62 (reli- 2
able) able)
2 Talbott JF (2015)” NA The mean and median kappa scores were 0.83 7
and 0.81, respectively (both P<0.00001) (Ex-
cellent)
3 Riiegg TB (2015)'¥ ICC (95% CI) ranged from good (0.72) to per-  ICC (95% CI) ranged from good (0.72) to per- 2
fect (0.99) in rater 1 and from good (0.75) to  fect (0.98)

perfect (0.99) in rater 2

AlS Canversian

Mo Canversian

Mean Difference

Study ar Subgroup  Mean 5D Total Mean 5D Total welght IV, Randam, 95% CI
Marabi 2017 497 3.6 4B 942 361 52 47.3% -44.50[-56.37, -32.563]
Cualkilic 2018 438 7.3 18 642 54 16 S2.7% -20.40 [-24.569, -16.11]
Total (95% Cl) B6 68 100.0% =-31L.79[-5537, -8.21]

Heterogensity: Tau® = 269.68; Chi¥ = 14.01, df = 1 (F = 0,0002); F = 93%

Test for overall effect £ = Z.64 (F = 0.008)

Figure 3. The weighted mean difference of IML between the group with converted AIS grade and the

group without conversion.

ittal view is proportional to the severity of injury because
greater length of the spinal cord is involved. However, this
length measurement is considered to be arbitrary and does
not reflect the true mechanism of injury in the spinal cord.
The transverse extent of signal abnormality in the axial view
might have better correlation with its pathophysiology and
thus results in better neurological outcome prediction™.

The importance of longitudinal signs of injury expansion
was initially shown in a study that introduced the segmental
correlation between SCI and neurological outcome™. Intra-
medullary edema in multiple levels of the spinal cord is cor-
related with poor motor recovery. The risk of retaining a
complete SCI is also known to increase with each millimeter
increase in hematoma length®. Therefore, patients with
complete SCI tended to have a longer hematoma length than
those with incomplete injuries and did not exhibit a change
in AIS grade at follow-up'. Not only the absolute measure-
ment of the lesion length but also the expansion rate of
edema rostral and caudal to the injury epicenter can be pre-
dictive. For example, the expansion rate is known to be
close to 920 um/h in complete SCI and almost static in in-
complete SCIL.

In clinical practice, aside from knowing which formula is
the best, which value of IML measurement best correlates
with AIS conversion should also be known. In this study, we
pooled the results from two studies. The population who un-
derwent AIS conversion had lower IML value (49.7"” and
43.8") than those who did not (94.2' and 64.2'"). The
weighted MD of IML measurement between the converted
and nonconverted group from the two studies was 31.79,
with higher IML value associated with no conversion. Even
though more research is needed to verify the formula and

8

threshold value, this initial result might be used as guidance
and alert the surgeons about the group of patients with
WOI'Se€ prognosis.

The proponents of axial imaging suggest that it is more
relevant for the assessment of SCI than sagittal imaging.
The measurement of signal abnormality in the sagittal plane
is arbitrary and does not fully describe the injured part ana-
tomically. Recently, a grading system based on pathophysi-
ology changes observed in the transverse section of the spi-
nal cord (BASIC score) was developed. This review found
that BASIC score has a good correlation with the neurologi-
cal outcome. Even though it is inherently subjective due to
the nature of the assessment, the reliability study for this pa-
rameter yielded good result. The limitation of the BASIC
score was that in the case of severe fracture dislocation, it is
challenging to acquire accurate axial images, thus making
IML assessment preferable in such a case. Another consid-
eration was that the follow-up period of two out of three
studies about BASIC score was less than a month. This
might create risk of bias when compared with the studies on
other MRI parameters. More studies in the future are needed
to investigate the best axial level for interpretation and to
ameliorate the objectivity of this assessment.

Limitations

This study had several limitations. The first was the possi-
bility of missing relevant studies, despite the extensive elec-
tronic search. There was a wide variation of keywords used
to describe the MRI parameters, which can be used to assess
the severity of SCI. However, the keyword “classification
system” was pertinent in the current study because it de-
scribes the studies’ effort on quantifying and objectively as-
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Table 6. The Predictive Ability of MRI Parameters for Cervical Spinal Cord Injury.

MRI parameters

AIS conversion®

AIS and AMS follow-up®

T2 sagittal

Increased signal Intensities (IST)!? NA

Matsushita A2D:
(P<0.05)

Correlation coefficient 0.5293

Lesion length??

Martineau J'9: 34.6+13.14 mm (P=0.049)

Martineau J'9: r=-0.463, P=0.00004

Maximum spinal cord compression
(MSCC)* 9 11 12,14,15,23)

Martineau J'¥: 20.6+16.3 mm (P=0.713)

Martineau J'¥: r=—-0.271, P=0.020
Miyanji F¥: Complete SCI R?=0.171, P=0.002

Maximum canal compromise NA

(MCC)4’ 9,11, 12, 14, 15,23)

Miyanji F¥: Complete SCI R?=0.222, P=0.005

Intramedullary lesion (IML)!% 11 15.2D

Dalkilic T'V: 43.8+7.3 mm (P=0.031)

NA

Aarabi B!9: 49.7£23.6 mm (P=0.0001)

T2 Axial
Brain and Spinal Injury Center (BASIC) Talbott JF7: 3.6+0.5 (P<0.01) Haefeli J”: BASIC score of 4 correlates with AIS
score” % 1) grade of A (100%)
Talbott JF”: BASIC score of 4 correlates with AIS
grade of A (100%)

4AIS Conversion: Improvement of at least 1 ASIA grade. The values in this column describe the mean value of each MRI parameter, which is related to improved

AIS score. PThe values in this column describe how each MRI parameter relates to ASIA grade at follow-up.

sessing the MRI. There was also no standardized reference
in the diagnostic neurological outcome of cervical SCI, thus
hindering us from synthesizing our data. Finally, unlike the
scoring system based on physical examination, it is difficult
to perform MRI when the patient first arrives in the emer-
gency room. In this case, physical examination is irreplace-
able. It is thus recommended for future scoring system to be
a combination of radiological imaging, physical examina-
tion, and biological markers.

Conclusion

MRI can be a very powerful tool in aiding the manage-
ment of cervical SCI. Aside from being a diagnostic tool, it
has the potential of prognostic benefit. The first step is to
study how the change in MRI correlates with the patho-
physiology of SCI and then to formulate methods for recog-
nizing the patterns and associating them with a certain con-
dition. With the advent of computational science, there is re-
newed interest on the identification of the MRI parameters
that are most relevant to the outcome of SCI. In this study,
we found intramedullary lesion length (based on the sagittal
view of MRI) and Brain and Spinal Injury Center (BASIC)
score (axial view) to be reliable and correlate well with neu-
rological outcome, making them candidates for the develop-
ment of a simple and objective classification system.
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