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Abstract 
Purpose: This study aimed to investigate the effectiveness of tract-specific diffusion 

tensor imaging (DTI) metrics in identifying the responsible segments for neurological 
dysfunction in cervical spondylotic myelopathy (CSM). 

Methods: The study encompassed nineteen patients in CSM group and ten healthy 
caregivers in control group. All participants underwent a comprehensive physical 
examination, MRI assessment, and DTI examination conducted by a senior chief 
physician. Intraoperative spinal cord electrophysiological examination was performed as 
the objective measure of spinal cord function during surgery for patients. MRI parameters 
including the aspect ratio, transverse ratio, T2 hyperintensities of the spinal cord and DTI 
metrics parameters such as axial diffusivity (AD), mean diffusivity (MD), radial 
diffusivity (RD), fractional anisotropy (FA) for both whole spinal cord column and dorsal 
column were collected. Receiver operating characteristic curves were constructed to 
evaluate the diagnostic efficacy of the parameters. The area under the curve (AUC), 
sensitivity, and specificity were calculated.  

Results: The AUC of DTI (Dorsal column) parameters was larger than the 
corresponding parameters of the DTI (Whole spinal cord). AD of DTI-Dorsal Column 
possessed the greatest efficacy (AUC=0.823, sensitivity=84.21%, specificity=77.32%) to 
determine the responsible segment, larger than AD of DTI-Whole spinal cord, aspect 
ratio and transverse ratio. Diagnostic efficacy of DTI and MRI parameters was influenced 
by cervical spine segment. 

Conclusions: AD from the DTI-Dorsal Column exhibited the most significant 
potential in identifying responsible segments. The diagnostic effectiveness of both DTI 
and MRI parameters was notably influenced by the specific cervical spine segment. 
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1 Introduction 
Identifying specific segments responsible for neurological dysfunction is complex, especially in 

cases with multi-stage compression. While invasive spinal cord electrophysiological assessments have 
been proposed, non-invasive methods for precisely identifying neurological function at distinct spinal 
cord segments are currently unavailable. DTI offers indirect insights into neurological function through 
metrics like AD, MD, RD and FA(Mori & Zhang, 2006; Sąsiadek et al., 2012; Song et al., 2011). 
Previous research highlights DTI's significance in diagnosing CSM, but its ability in pinpointing the 
exact cervical compression segment responsible for neurological dysfunction is limited. Our study aims 
to validate the diagnostic efficacy of DTI metrics (AD, MD, RD, and FA) in identifying the specific 
segment responsible for neurological dysfunction in CSM. By using electrophysiology as the gold 
standard, we aim to improve neurofunctional assessment accuracy beyond the limitations of the mJOA 
scale(Bednarik et al., 2008; Valošek et al., 2021; Wen et al., 2014). 

2 Methods 
The study encompassed nineteen participants diagnosed with CSM, including 10 males and 9 

females. Additionally, a control group consisting of ten healthy caregivers (5 males and 5 females) were 
recruited with no symptoms and no compressions on MRI. All participants underwent a comprehensive 
physical examination, MRI assessment, and DTI examination conducted by a senior chief physician. 
Intraoperative spinal cord electrophysiological examination was performed as the objective measure of 
spinal cord function during surgery for patients. Several parameters were collected from the MR images, 
including the aspect ratio (defined as the anteroposterior diameter / the transverse diameter of the 
corresponding segment's spinal cord), transverse ratio (defined as the transverse diameter of the 
corresponding segment's spinal cord / the transverse diameter of the spinal cord at C2/3), and T2 
hyperintensities of the spinal cord. Furthermore, quantitative DTI metrics, such as AD, MD, RD, FA 
were calculated using automatic region-of-interest analysis for both whole spinal cord column and 
dorsal column. Receiver operating characteristic curves were constructed to evaluate the diagnostic 
efficacy of the aspect ratio, transverse ratio, and DTI parameters. The AUC, sensitivity, and specificity 
were calculated.  

3 Results 
As determined by electrophysiological examination, neurological dysfunction was found in 2 

patients due to C3/4 compression, in 10 patients due to C4/5 compression, in 6 patients due to C5/6 
compression, and in 1 patient due to C6/7 compression. The modified Japanese Orthopedic Association 
scale (mJOA) was 12.71 ± 1.55 in the CSM group, with 4.87 ± 0.72 for sensory nerve function and 5.05 
±1.35 for motor nerve function. For the control group, none of the volunteers had neurological 
dysfunction. T2 high signal was found at the most stenotic segment in 14 patients of the CSM group. 
Considering all the cervical segments, the aspect ratio (AUC=0.823) is more capable of determining 
the responsible segment than transverse ratio (AUC=0.661). AD, MD, and RD were significantly higher 
while FA was significantly lower in the responsible segment than in the irresponsible segment (P<0.05). 
The AUC of DTI (Dorsal column) parameters was larger than the corresponding parameters of the DTI 
(Whole spinal cord). AD of DTI-Dorsal Column possessed the greatest efficacy (AUC=0.823) to 
determine the responsible segment, larger than AD of DTI-Whole spinal cord, aspect ratio and 
transverse ratio. Subgroup analysis revealed that the diagnostic efficacy of DTI and MRI parameters 
was influenced by cervical spine segment. 
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4 Discussion 
Not all compressed segments contribute to the observed neurological dysfunction(Tanaka et al., 

2005). Few studies computed the AUC to assess the efficacy of DTI in diagnosing CSM. Several studies 
assessed the diagnostic performance of DTI met for CSM by reporting sensitivity and specificity. 
Wang's study reported a sensitivity of 30.77% and specificity of 91.89% for the FA to identify 
myelopathic segments in CSM (Wang et al., 2015). Our results were much better in some ways (DTI-
dorsal column, sensitivity=73.68%, specificity=69.07%). In addition, our study involved the utilization 
of the Spinal Cord Toolbox (SCT) to partition the nerve conduction tracts of the spinal cord. We found 
that the dorsal tract exhibited superior diagnostic performance to the whole spinal cord. This finding is 
in line with the results of a study conducted by Jan Valošek et al.(Valošek et al., 2021). This might be 
related to the use of SSEP which was generated from the dorsal sensory functional area as an evaluation 
function index in our electrophysiological studies. The discrepancies observed between our study and 
other existing research may be attributed to the use of different standards for assessing spinal cord 
function. While previous DTI studies primarily relied on the mJOA score as the standard for evaluating 
spinal cord function (Shen et al., 2018). Our study employed intraoperative neurophysiological 
monitoring as an invasive examination method to detect a more accurate neurological function (Suetomi 
et al., 2016). 
 

 
Figure 1 The T2W anatomical MR image along with calculated DTI metrics and color encoded FA maps 

(cFA) for a non-compressed slice (Slice No. 1) and a compressed slice (Slice No. 2). 
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