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Abstract
Introduction We investigated whether MR diffusion tensor
imaging (DTI) analysis of the cervical spinal cord could aid
the (differential) diagnosis of sensory neuronopathies, an
underdiagnosed group of diseases of the peripheral nervous
system.
Methods We obtained spinal cord DTI and T2WI at 3 T from
28 patients, 14 diabetic subjects with sensory-motor distal
polyneuropathy, and 20 healthy controls. We quantified
DTI-based parameters and looked at the hyperintense T2W
signal at the spinal cord posterior columns. Fractional anisot-
ropy and mean diffusivity values at C2–C3 and C3–C4 levels
were compared between groups. We also compared average
fractional anisotropy (mean of values at C2–C3 and C3–C4
levels). A receiver operating characteristic (ROC) curve was
used to determine diagnostic accuracy of average fractional
anisotropy, and we compared its sensitivity against the hyper-
intense signal in segregating patients from the other subjects.
Results Mean age and disease duration were 52 ± 10 and 11.4
± 9.3 years in the patient group. Eighteen subjects had

idiopathic disease and 6 dysimmune etiology. Fractional an-
isotropy at C3–C4 level and average fractional anisotropy
were significantly different between patients and healthy con-
trols (p < 0.001 and <0.001) and between patients and diabetic
subjects (p = 0.019 and 0.027). Average fractional anisotropy
presented an area under the curve of 0.838. Moreover, it had
higher sensitivity than visual detection of the hyperintense
signal (0.86 vs. 0.54), particularly for patients with short dis-
ease duration.
Conclusion DTI-based analysis enables in vivo detection of
posterior column damage in sensory neuronopathy patients
and is a useful diagnostic test for this condition. It also helps
the differential diagnosis between sensory neuronopathy and
distal polyneuropathies.
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Introduction

Sensory neuronopathies are characterized by primary degener-
ation of the dorsal root ganglia and projections. This condition
leads to widespread sensory deficits and afferent ataxia. On
clinical grounds, it is often difficult to distinguish sensory
neuronopathy and length-dependent sensory polyneuropathies
[1]. This distinction has obvious clinical implications regarding
management and prognosis.

In this scenario, a few markers [2] have been investigated
to aid this differential diagnosis, such as MRI of the spinal
cord. The typical imaging finding is a non-enhancing hyper-
intense T2-weighted signal at the posterior columns of the
spinal cord, which has been included in recently published
diagnostic criteria [1]. Despite that, there is still no consensus
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regarding its frequency, particularly for subjects with short
disease duration. Thus, we hypothesize that diffusion tensor
imaging (DTI) of the spinal cord might be more sensitive to
detect posterior column damage in sensory neuronopathy [3,
4]. DTI indirectly evaluates the integrity of myelin and white
fiber tracts through alterations on water diffusivity parameters
[5]. Previous spinal cord DTI studies have proven useful and
reliable in other neurodegenerative diseases, such as multiple
sclerosis [6] and amyotrophic lateral sclerosis [7].

Therefore, we prospectively investigated whether DTI of
the posterior column separates sensory neuronopathy from
other polyneuropathies and healthy controls. We also com-
pared its sensitivity with the visual detection of the hyperin-
tense T2W signal in the posterior spinal cord, to evaluate if it
could serve as an auxiliary for diagnosis.

Methods

This was a prospectively designed case-control study.

Subjects

Between 2013 and 2015, we enrolled 28 consecutive sensory
neuronopathy patients (52 ± 10 years), 20 healthy subjects
(46 ± 11 years), and 14 individuals (53 ± 10 years) with dia-
betic sensory-motor distal polyneuropathy at our university
hospital. Diagnosis of both conditions relied upon published
criteria [1, 8], which included clinical and/or electrophysio-
logical investigations. We did not include patients with con-
comitant neurological disorders or compressive myelopathy.
Twenty-two out of the 28 sensory neuronopathy patients
underwent clinical evaluation (INCAT Sensory Sum Score
(ISSS) [9], Leeds Assessment of Neuropathic Symptoms
and Signs (LANSS) [10], and Scale for the Assessment and
Rating of Ataxia (SARA) [11]). This study was approved by
our Research Ethics Committee, and all participants signed a
written informed consent.

MRI acquisition

All participants performed a MR scan (3 T Achieva;
Philips Medical Systems, Best, The Netherlands) to ac-
quire the following images with an 18-channel coil
(SENSE Neurovascular, Philips Medical Systems, Best,
The Netherlands):

1.Axial structural T2W image: cervical level (C1–C7). SENSE
factor = 1.5; reconstructed voxel size = 0.29 × 0.29 × 3 mm3;
field of view (FOV) = 150 × 150 × 108 mm3; image ma-
trix = 512 × 512; 36 slices; repetition time (TR)/echo time
(TE) = shortest/100 ms; flip angle = 90°

2. Sagittal structural T2W image: SENSE factor = 1.5; recon-
structed voxel size = 3 × 0.49 × 0.49 mm3; slice gap = 0.3 mm;
FOV = 36 × 220 × 220 mm3; image matrix = 11 × 448 × 448;
TR/TE = shortest/120 ms; flip angle = 90°
3. Diffusion tensor image (DTI): cervical level (C1–C6).
SENSE factor = 2; 15 gradient directions with b = 600 s/mm2

and one image with b = 0; TR/TE = shortest/75 ms;
FOV = 224 × 224 × 105 mm3; image matrix = 448 × 448 × 306;
reconstructed voxel size = 0.5 × 0.5 × 3 mm3; slice gap = 3 mm;
number of samples acquired = 1

Analysis

A blind evaluator (JLRP) measured fractional anisotropy (FA)
and mean diffusivity (MD) values at two levels (C2–C3 and
C3–C4) in the posterior cord of all subjects. The average FA
value for each personwas also calculated.We then tested these
DTI measurements for group differences after regressing out
age and gender. We obtained a receiver operating characteris-
tic (ROC) curve for average FAvalue and determined the best
cutoff to distinguish sensory neuronopathy (SN) from non-SN
subjects.

Another blind evaluator (FR) assessed T2W images for the
presence of the hyperintense T2W signal in the posterior fu-
niculi of all participants. Subsequently, we compared the sen-
sitivity and specificity of both approaches.

DT images were analyzed using the Main Explore DTI
software (http://exploredti.com/), a MATLAB toolbox
(MATLAB 7.1, The MathWorks Inc., Natick, MA, 2010).
Sagittal images were used to select two slices at the level of
the intervertebral discs: one between C2 and C3 vertebrae and
another between C3 and C4. We used a circular region of
interest (ROI) of 1.8 mm2, which was placed approximately
one voxel away from the spine-CSF interface (Fig. 1a, b).

Statistics

We used the analysis of variance (ANOVA) test to assess
between-group differences regarding DTI parameters, taking
age/gender as covariates and setting a significance level of
95 %. P values were corrected for multiple testing via the
Bonferroni adjustment.

We also compared age and gender between groups using
ANOVA and chi-square contingency table test, respectively.
For the analysis of the hyperintense T2W signal presence, we
used Fisher’s exact test.

Subsequently, we created a ROC curve to assess DTI diag-
nostic accuracy in separating sensory neuronopathy patients
from the other groups. Regarding the hyperintense T2W sig-
nal, sensitivity and specificity were directly calculated from
the classifications provided by visual inspection. We also
computed Spearman’s rank correlation coefficient between
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clinical scales and DTI parameters. All the statistical analyses
were performed in SPSS (version 22).

Results

Demographics and clinical assessment

Detailed demographic data of subjects are shown in
Table 1. Mean disease duration of sensory neuronopathy
was 11.4 ± 9.3 years, and 18 % of our patients were wheel-
chair bound. Eighteen out of 28 (64 %) of the patients were
idiopathic, 4 (14 %) were related to Sjögren’s syndrome,
and other more infrequent etiologies were related to human
T cell lymphotropic virus (HTLV), autoimmune hepatitis,
paraneoplasia, monoclonal gammopathy of undetermined
significance, and vitamin B12 deficiency. Clinically assessed
patients (22 out of 28) had mean ISSS, SARA, and LANSS
scores of 17.7 ± 3.7, 11.1 ± 5.7, and 10.9 ± 7.1, respectively.
The six remaining patients also had a complete clinical

evaluation, but these were not paired with the MRI exam.
Therefore, they were excluded from the correlation analyses
but included in the group comparisons of DTI-based
parameters.

DTI-based parameters

DTI measurements and results for group comparisons are
shown in Table 1 and Fig. 2a–e. In brief, we found statistically
significant differences between groups for all DTI parameters
after regression of age and gender, except for MD at C3–C4
level (Table 1). Regarding FA at C2–C3 and MD at C2–C3
level, we found significant differences between SN patients
and healthy controls (p < 0.001 and p = 0.004, respectively)
and between diabetic subjects and healthy controls
(p = 0.034 and p = 0.039). Moreover, FA at C3–C4 level and
average FA were significantly different between SN patients
and healthy controls (p < 0.001 for both) and between SN
patients and diabetic subjects (p = 0.019 and p = 0.027).

Fig. 1 Position of the ROI (blue circle) on the spinal cord posterior
columns at C2–C3 level. a T2-weighted non-diffusion image (b = 0),
used to position the ROI, and b a colored map of fractional anisotropy

(FA) representing diffusion direction (color-coded) and FA intensity
(brightness-coded)

Table 1 Demographic data and DTI parameters for each group of subjects

Sensory
neuronopathy
patients
(n = 28)

Diabetic
subjects
(n = 14)

Healthy
controls
(n = 20)

P value

Demographic
data

Age
(mean ± SD)
(years)

52 ± 10 53 ± 10 46 ± 11 0.124 (ANOVA)

Gender (M/F) 16/12 10/4 8/12 0.183
(chi-squared)

Hyperintense
T2W signal

15 1 2 0.001 (Fischer’s
exact test)

DTI parameters
(mean ± SD)

FA C2–C3 0.68 ± 0.09a 0.72 ± 0.08b 0.79 ± 0.07a,b <0.001a; 0.034b

FA C3–C4 0.65 ± 0.10a,c 0.73 ± 0.07c 0.76 ± 0.08a <0.001a; 0.019c

Average FA 0.67 ± 0.08a,c 0.73 ± 0.06c 0.78 ± 0.05a <0.001a; 0.027c

MD C2–C3 1.2 ± 0.2a 1.20 ± 0.08b 1.1 ± 0.1a,b 0.004a; 0.039b

MD C3–C4 1.2 ± 0.3 1.2 ± 0.1 1.2 ± 0.1 >0.05

P values drawn from statistical analysis
a Bonferroni-corrected P values for DTI parameters regarding significant differences between patients × healthy controls
b Bonferroni-corrected P values for DTI parameters regarding significant differences between diabetic subjects × healthy controls
c Bonferroni-corrected P values for DTI parameters regarding significant differences between patients × diabetic subjects
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The receiver operating characteristic curve showed an opti-
mum cutoff for average FA value of 0.744 for segregating sen-
sory neuronopathy patients from the other subjects (diabetics +
healthy controls), with a sensitivity of 0.86, 95 % CI [0.67,0.96],
and a specificity of 0.71, 95%CI [0.53, 0.85]. The area under the
curve was 0.838 (Fig. 2f). Table 2 summarizes subject classifi-
cation (SN vs. non-SN) using the derived cutoff value.

Considering only sensory neuronopathy patients who were
clinically evaluated, we found significant correlations be-
tween average FA and LANSS scale (rho = 0.572; uncorrected
p = 0.011) and FA at C2–C3 level and LANSS (rho = 0.502;
uncorrected p = 0.029). There was no correlation between DTI
parameters and other measures of clinical disability (ISSS and
SARA). All the correlation values are given in Table 3.

Fig. 2 Box plots showing the distribution of a FA at C2–C3 level, b FA at C3–C4 level, cMD at C2–C3 level, dMD at C3–C4 level, and e average FA
in the different groups. ROC curve depicting diagnostic accuracy (SN vs. non-SN) for average FA (f)
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Hyperintense T2W signal

Hyperintense T2W signal was visually assessed along the
entire cervical spinal cord, identified in 18 cases (15 sensory
neuronopathy patients, 1 diabetic subject, and 2 healthy sub-
jects) (Table 2). This resulted in a sensitivity of 0.54 and a
specificity of 0.91 for the binary logistic regression of sensory
neuronopathy patients vs. non-patients (diabetics + healthy
controls).

We then divided patients with SN into two groups: those
with abnormal T2 (n = 15) and those with normal T2 (n = 13).
As expected, all but one in the group with abnormal T2 also
had reduced FA values (according to the threshold obtained
using the ROC curve). Interestingly, we found that 10 out of
13 in the normal T2 group also had reduced FAvalues (76 %).

Discussion

We showed that spinal cord DTI enables non-invasively
in vivo identification of damage to the central projections
of the dorsal root ganglia neurons in sensory neuronopathy
patients. Axonal loss and gliosis of the cuneate and gracile
fasciculi probably underlie the FA and MD abnormalities
found. This may also be the same substrate for hyperin-
tense T2W signal [12]. It seems, however, that DTI abnor-
malities take place earlier than the hyperintense signal.
Indeed, four out of the five patients with disease duration

shorter than 1 year presented average FA values below
the suggested cutoff point, whereas only one had detect-
able hyperintense signal. Furthermore, most patients with-
out T2W hyperintensity had reduced FA values (10/13).
Taken together, these data suggest that DTI may be more
sensitive than isolated visual analysis, particularly early in
the disease course. The unexpected T2W hyperintensity
found in two entirely normal controls was focal (encompassing
one vertebral body, in striking contrast to that found in SN,
which was longitudinally extensive) and probably related to
artifacts.

Out of the proven DTI parameters, FA seems to be the most
useful measure, since MD failed to separate SN patients from
non-SN patients. Our findings indeed showed that average FA
and FA at C3–C4 level distinguish patients from subjects with
diabetic polyneuropathy and healthy controls. Furthermore,
these parameters had greater sensitivity than the visual
detection of the hyperintense T2W signal, what turns to
be an important result given that sensory neuronopathies
are frequently underdiagnosed. We failed to identify cor-
relations between FA and measures of clinical disability.
This might be due to the fact that the employed scales do
not adequately assess impairment related to sensory
neuronopathy. SARA and ISSS were originally designed
for patients with distal polyneuropathies and cerebellar
ataxias, not afferent ataxias. Unexpectedly, spinal cord
FA only correlated with pain score, thus suggesting that
posterior column damage is somehow associated with
neuropathic pain in this condition.

Other studies have also targeted the upper cervical spinal
cord in order to evaluate damage associated with neurodegen-
erative diseases [6, 7]. This is because sensory (and motor)
fibers from arms and legs have already converged into the
cord at this level, thus allowing a more comprehensive assess-
ment of tracts. There is also a larger cross-sectional area at this
level (cervical intumescence), which favors the positioning of
the DTI ROI in the posterior funiculus.

Conclusions

Our results highlight the potential usefulness of spinal cord
DTI as a diagnostic test for sensory neuronopathy. Further
studies with larger and more homogeneous (in terms of etiol-
ogy) cohorts should be performed to validate our approach. In
addition, longitudinal evaluation might prove useful to deter-
mine whether spinal cord DTI is also valuable as a prognostic
biomarker.
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