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Background: Using magnetic resonance imaging (MRI), widths of ventral tissue bridges demonstrated significant predictive
relationships with future pinprick sensory scores, and widths of dorsal tissue bridges demonstrated significant predictive
relationships with future light touch sensory scores, following spinal cord injury (SCI). These studies involved smaller participant
numbers, and external validation of their findings is warranted. Objectives: The purpose of this study was to validate
these previous findings using a larger independent data set. Methods: Widths of ventral and dorsal tissue bridges were
quantified using MRI in persons post cervical level SCI (average 3.7 weeks post injury), and pinprick and light touch sensory
scores were acquired at discharge from inpatient rehabilitation (average 14.3 weeks post injury). Pearson product-moments
were calculated and linear regression models were created from these data. Results: Wider ventral tissue bridges were
significantly correlated with pinprick scores (r = 0.31, p < 0.001, N = 136) and wider dorsal tissue bridges were significantly
correlated with light touch scores (r = 0.31, p < 0.001, N = 136) at discharge from inpatient rehabilitation. Conclusion:
This retrospective study’s results provide external validation of previous findings, using a larger sample size. Following SCI,
ventral fissue bridges hold significant predictive relationships with future pinprick sensory scores and dorsal tissue bridges
hold significant predictive relationships with future light touch sensory scores. Key words: light touch, MRI, pinprick, sensory

testing, spinal cord injury, tissue bridge
Introduction

Spinal cord injuries (SCIs) are catastrophic
events for patients and their families! and lead to
heterogenous clinical presentations on a case-by-
case basis.? Magnetic resonance imaging (MRI)
offers quantitative approaches to characterizing
residual neural tissue sparing after SCI.>* These
imaging approaches could help in subgrouping
persons post SCI to reduce heterogeneity and
provide tailored interventions to each group.?

One approach is the quantification of midsagittal
tissue bridges, which are the measured widths of
spared tissue ventral and dorsal to the spinal cord
lesion, using a midsagittal T2-weighted image
of the cord’>® Recently, ventral tissue bridges
demonstrated significant predictive relationships
with future pinprick sensory scores (n = 44),” and
dorsal tissue bridges demonstrated significant
predictive relationships with future light touch

sensory scores (n = 28).% Midsagittal tissue
bridges could be used to stratify patients into
subgroups most at risk for specific sensory loss
or development of neuropathic pain,’ and tissue
bridge quantification appears generalizable to
both thoracic and cervical level SCI.>"° Emerging
interventions such as spinal cord stimulation or
virtual reality could be implemented early in this
group to optimize sensory function.'>'?

Although the results are promising, these
ventral and dorsal tissue bridge studies involved
relatively smaller participant numbers (n = 44 and
n = 28),% thus external validation of their findings
is warranted. Accordingly, the purpose of this
study was to validate these previous findings that
ventral tissue bridges hold significant predictive
relationships with future pinprick sensory scores
and that dorsal tissue bridges hold significant
predictive relationships with future light touch
SEeNsory scores.
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Methods

This retrospective study was approved by local
institutional review boards. Participant data were
selected from the local SCI Model Systems Center.
As part of a parent study (NIH R03 HD094577),
only images from participants with cervical SCI
were available for analyses. Inclusion criteria were
status post spinal cord injury; clinical MRIs available
for analyses (acquired no later than 12 weeks post
injury), and available admission and discharge
outcomes data. Exclusion criteria were concurrent
traumatic brain injury beyond concussion and
significant preexisting neurological history.

Magneticresonance imagingand tissue bridge
quantification

Postoperative routine clinical T2-weighted
scans were used for MRI analyses, using a General
Electric 1.5 T Signa Excite MR Scanner equipped
with the 8-channel cervical-thoracic-lumbar (CTL)
spine array coil. Sagittal T2-weighted images of
the cervical spinal cord were acquired with a two-
dimensional fast relaxation fast spin echo sequence

(slice thickness = 3 mm, slice spacing = 4 mm, field-
of-view = 240 x 240 mm?, matrix size = 256 x 256,
in-plane resolution = 0.94 mm? interpolated in-
plane resolution = 0.47 x 0.47 mm?).

Ventral and dorsal midsagittal tissue bridges
were measured on all participants by researchers
blinded to the clinical outcome measures, using
OsiriX (Pixmeo Sarl, Geneva, Switzerland). Tissue
bridges were quantified as the width of spared
tissue at the minimum distance from cerebrospinal
fluid to the hyperintensity (see Figure 1).>>!3 For
these measures, a high level of intra- and interrater
reliability has been demonstrated previously>!®!4
For the current study; inter- and intrarater reliability
testing was performed by the two primary raters
on a subset of 20 participants images (details in
Statistical Analysis below).

Sensory testing

Pinprick and light touch sensory scores were
acquired at discharge from inpatient rehabilitation
using International Standards for the Neurological
Classification of Spinal Cord Injury (ISNCSCI)

Figure 1. A representative participant’s T2-weighted midsagittal magnetic resonance image, seen on the left panel and
zoomed in on the right panel. The lesion hyperintensity is delineated in white, the measured width of ventral tissue

bridge in green, and dorsal tissue bridge in red.



Ventral tissue bridge width versus pin prick

score at discharge
r=0.31, p <0.001
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Dorsal tissue bridge width versus light touch

score at discharge
r=0.31, p <0.001
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Figure 2. The left panel shows the relationship of ventral tissue bridge widths versus pinprick scores acquired at
discharge from inpatient rehabilitation (r = 0.31, p < .001). The right panel shows the relationship of dorsal tissue bridge
widths versus light touch scores acquired at discharge from inpatient rehabilitation (r = 0.31, p <.001).

testing. Each participant was assessed for normal
(score of 2), altered (score of 1), or absent (score
of 0) light touch and pinprick function in 56
standardized sensory points throughout the body
for a possible total score of 112.'5 This assessment
also  demonstrates  favorable  psychometric
properties, although it may have lower reliability/
repeatability in persons with incomplete SCIs
compared to complete SCIs.!s

Statistical analysis

Data analysis was performed using SPSS
(version 27.0, Chicago, IL). Kolmogorov-Smirnov
tests were used to test for normal distribution
in the tissue bridge variables and sensory testing
variables. Two-way mixed effects model, absolute
agreement type, and average measures intraclass
correlation coefficients (ICC) were computed for
inter- and intrarater reliability testing. To examine
the associations between ventral tissue bridges
and pinprick score and dorsal tissue bridges and
light touch score, the Pearson product-moment
was used. Separate linear regression models for
pinprick and light touch scores and were conducted,
controlling for significant demographic variables
and the nonpredictive tissue bridge widths. Pearson
correlations were used to assess the relationships
between ventral tissue bridges and pinprick score
and dorsal tissue bridges and light touch score in
subgroups of those with motor complete SCIs and
motor incomplete SCIs.

Results

One hundred thirty-six participants were
included in the retrospective analyses. The average age
was 41.86 years (range, 15-81), with more males than
females (82% males). For injury severity according to
the American Spinal Injury Association Impairment
Scale (AIS), 37 participants were classified as AIS A,
19.as AIS B, 33 as AIS C, and 47 as AIS D. The average
ventral tissue bridge width was 0.55 mm (£ 0.79),
and the average dorsal tissue bridge width was 0.34
mm (* 0.47). The average number of weeks between
imaging and discharge ISNCSCI sensory testing was
11.3 weeks (+ 7.0 weeks). The average time from
date of injury to date of discharge ISNCSCI sensory
testing was 14.3 weeks (+ 6.8 weeks).

Ventral/dorsal tissue bridge variables and light
touch/pinprick variables all met assumptions
for normal distribution. Tissue bridge measures
demonstrated high reliability metrics (ICCinterrater,
ICCintraraterl, and ICCintrarater2 = 0.99, p <
.001) Independent of other variables, wider ventral
tissue bridges at 3.7 weeks post injury (+ 2.6 weeks)
were significantly correlated with pinprick scores
at 14.3 weeks post injury (+ 6.8 weeks) (r = 0.31,
p < .001; see Figure 2). For the same time points
and independent of other variables, wider dorsal
tissue bridges were significantly correlated with
light touch scores (r = 0.31, p < .001; see Figure 2).
Age was significantly correlated with both pinprick
scores and light touch scores (r = 0.28, p = .001, and
r=0.26, p = .002, respectively). Sex assigned at birth
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was not significantly correlated with either outcome
variable and was therefore not entered into either
regression model.

For the first regression model, after controlling for
age and dorsal tissue bridges, ventral tissue bridges
significantly predicted total pinprick sensory score at
discharge ( = 6.91, p =.048; 95% CI, 0.58, 13.76). For
the second model, after controlling for age and ventral
tissue bridges, dorsal tissue bridges significantly
predicted light touch sensation at the time of discharge
(B=16.88, p =.007; 95% CI, 4.64, 29.12).

Significant relationships remained in the
subgroups of those with motor complete SCIs
(AIS A and B) and motor incomplete SCIs (AIS C
and D). For the motor complete SCI group, ventral
tissue bridges were significantly related to discharge
pinprick scores (n = 56, R = 0.39, p = .003) and dorsal
tissue bridges were significantly related to discharge
light touch scores (n = 56, R = 0.39, p = .002). For the
motor incomplete SCI group, ventral tissue bridges
were significantly related to discharge pinprick scores
(n =80, R =0.26, p = .023) and dorsal tissue bridges
were significantly related to discharge light touch
scores (n =80, R=0.26, p = .022).

Discussion

With a larger sample size (N = 136), our
results provide external validation of previous
findings.®® Namely, independent of other variables,
ventral tissue bridges hold significant predictive
relationships with future pinprick sensory scores.’
Likewise, dorsal tissue bridges hold significant
predictive relationships with future light touch
sensory scores, independent of other variables.® The
timing of MRI in this present study (average 3.7
weeks post injury) was in line with the two previous
studies (average 4 to 5 weeks).**

Interestingly, age was a significant covariate
and was used in both models, as it was positively
correlated with both sensory scores. Typically; older
age tends to be related to worse clinical outcomes.®
Although we are unsure of the exact reasons for our
finding, it is possible that patients with SCI from this
SCI Model Systems Center who are younger tend
to have more severe, traumatic injuries compared
to those who are older (unpublished data). The
mechanisms of injury were unavailable for this
project, and this is an acknowledged limitation.

Our correlation and first linear regression
model demonstrated a slightly lower explanation
of the variance in future pinprick score (R? <
0.20) compared to the previous study (previously
reported R> = 0.385). However, our correlation
and second linear regression model demonstrated
explanations of variance in future light touch
score (R?>= 0.10 and 0.13) that were comparable
to the other previous study (previously reported
R? = 0.16).% Collectively, these data suggest that
true, albeit weak, statistically significant predictive
relationships exist between midsagittal tissue
bridges and their associated future ISNCSCI
sensory scores. These straightforward MRI
measures are quick and easy to perform, and this
information could be used, along with clinical
examination, to inform diagnostic workups and
prognosis of specific sensory recovery.®®® Tissue
bridges may also be used to stratify subgroups of
patients with SCI for prospective outcomes and
interventional clinical trials.*

Conclusion

This retrospective study’s results provide external
validation of previous findings, using a larger
sample size (N = 136). Following cervical spinal
cord injury, at ~4 weeks post injury using a T2-
weighted midsagittal image, ventral tissue bridges
hold significant predictive relationships with future
pinprick sensory scores and dorsal tissue bridges
hold significant predictive relationships with
future light touch sensory scores. These simple,
straightforward MRI-measured surrogates of
spared neural tissue may be used, along with clinical
examination, for prognosis of specific sensory
recovery and patient stratification for prospective
clinicaltrials.
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