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ABSTRACT
Background: Early detection of cervical spondylotic myelopathy (CSM) remains a clinical challenge, as conventional
MRI can overlook subtle microstructural changes preceding symptomatic neurological decline. Diffusion tensor,
imaging (DTI) has emerged as a promising tool, providing quantitative insights into spinal cord microarchitecture.

Obijective: This study systematically evaluates DTI metrics as early biomarkers of CSM, contrasting their diagnostic
value with standard MRI, and explores clinical integration pathways, limitations, and translational impact.

Methods: In a prospective observational study, adult patients with clinical features suspicious for CSM and equivocal
or negative standard cervical MRI were enrolled. All subjects underwent 3T MRI with DTI sequences. Fractional
anisotropy (FA) and apparent diffusion coefficient (ADC) values were extracted, alongside clinical metrics including
the modified Japanese Orthopaedic Association (mJOA) score. Al-based segmentation and statistical analysis were
applied. Results were compared against controls and reference values from contemporary literature.

Results: Among 32 subjects (mean age 56, range 43-71), 24 had CSM symptoms despite negative or ambiguous T2
signals. DT revealed significantly reduced FA and elevated ADC at symptomatic levels in 91% of affected patients,
with clear separation from healthy controls (FA mean 0.45 vs. 0.59, p<0.001). ROC analysis demonstrated superior|
sensitivity and specificity for DTI over conventional MRI. Al-based analysis improved reproducibility and processing
time while maintaining interpretative accuracy. No major adverse imaging or reporting incidents occurred.

Conclusion: DTI facilitates early diagnosis of Cervical spondylotic myelopathy (CSM) with enhanced sensitivity,
enabling timely intervention before irreversible cord damage. Widespread integration, supported by Al tools, is likely
to improve patient outcomes and workflow efficiency in advanced spine imaging centers.

Keywords: Diffusion tensor imaging; cervical spondylotic myelopathy; fractional anisotropy; apparent
diffusion coefficient; spinal cord microstructure; magnetic resonance imaging.

Cervical spondylotic myelopathy (CSM) is the most identification is crucial, yet many patients present with
common nontraumatic cause of spinal cord dysfunction ambiguous symptoms and minimal findings on
in older adults, with potentially devastating conventional imaging. Standard MRI, th_e current gold
consequences if left undetected and untreated*>. Timely standard, can reveal canal narrowing and T2
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hyperintensity, but lacks sensitivity to the earliest
microstructural disturbances that often precede signal
change and irreversible functional loss.

Knowledge Gap: There is an urgent need for imaging
techniques capable of detecting subtle antecedents of
Cervical spondylotic myelopathy (CSM) before overt
anatomical derangement is apparent.

Diffusion tensor imaging (DTI) offers unique promise
by quantifying spinal cord axonal health using metrics
like fractional anisotropy (FA) and apparent diffusion
coefficient (ADC), potentially transforming the
diagnostic paradigm “°. Yet, clinical evidence guiding
its real-world application, technological adoption, and
integration in Al-enhanced workflows remains limited.

Hypothesis: DTI provides superior sensitivity to
preclinical or early Cervical spondylotic myelopathy
(CSM) compared to conventional MRI, allowing for
quantitative detection of microstructural injury
correlated with clinical severity, and can be efficiently
integrated into radiology workflows using current Al-
assisted tools.

Study Design and Participants

A single-center prospective study enrolled adults aged
40-75 years presenting with new-onset hand clumsiness,
gait instability, limb numbness, or sphincter dysfunction.
Key inclusion criteria were clinical suspicion of Cervical
spondylotic myelopathy (CSM) and negative or
ambiguous findings on T2-weighted MRI. Exclusion
criteria included prior cervical surgery, traumatic spinal
cord injury, MS/demyelinating disorders, infection, or
neoplasm. All subjects provided informed consent per
IRB-approved protocols.

Imaging Protocols

3T MRI (Siemens Prisma or GE Architect) protocols
incorporated:

e Sagittal and axial T1, T2-weighted sequences

e Axial DTI: TR ~7000 ms, TE ~90 ms, 20
directions, b=0/800 s/mm”"2, 3 mm slices, matrix
128x128

e Al-assisted segmentation for automated ROI
placement across C2-C7, using open-source and
proprietary software (e.g., Spinal Cord Toolbox,
vendor native Al tools)

Data Collection and Analysis

Manual and Al-augmented ROI extractions yielded
FA/ADC at each cervical segment. Clinical function was
scored using mJOA. Control values were derived from
matched asymptomatic subjects and published datasets.

Statistics
e Values reported as mean * SD.

o  Group comparisons: t-test or Mann-Whitney U, as
appropriate.

¢ ROC analysis for diagnostic accuracy.

e Pearson correlations between DTI metrics and
mJOA clinical severity.

e Reproducibility measured by intra-/interobserver
agreement (kappa statistics).

e Workflow impact and interpretability assessed
qualitatively in radiologist surveys.

Ethics

No adverse imaging-related events were noted. Ethical
approval was obtained from the institutional review
board.

Patient and Imaging Findings

Of 32 evaluated patients (60% male, mean age 56), 24
fulfilled the inclusion criteria with symptomatic Cervical
spondylotic myelopathy (CSM) unaccompanied by clear
T2 hyperintensity. All underwent DTI. Eight healthy
controls (matched for age and sex) served as reference.

e Conventional MRI: Only 33% of symptomatic
cases showed subtle or ambiguous T2 signal
change at cord.

e DTI Performance: Decreased FA (mean 0.45 +
0.05) and increased ADC (mean 1.32 +£0.12x1073
mma/s) at clinically implicated levels, versus
controls (FA mean 0.59 + 0.04; ADC mean 1.08 £
0.09%1072 mm?/s), p<0.001.

e ROC Analysis: A threshold FA <0.50 at a given
level provided 91% sensitivity and 89% specificity

for clinical CSM;
ADC >1.22x107* mm?/s yielded 87% sensitivity,
88% specificity.

e Correlation: FA and ADC values displayed
strong correlations with mJOA (r=—0.78 for FA,
r=0.74 for ADC; both p<0.01)

e Al and Workflow: Automated ROI placement
and metric extraction reduced total reporting time
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by ~30%, improved reproducibility (k=0.92), and
increased radiologist confidence in ambiguous

cases.

Age/Sex

67/M
54/F
48/M
51/M
61/F
65/M
43/F
70/F
58/M
52/F
55/M
49/F
44/M
60/F
66/M
53/F
49/M
62/F
57/M
50/F
63/M
45/F

53/M

Table 1. Clinical, Conventional MRI, and DTI Summary by Patient

mJOA
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T2 Hyperintensity

No

Subtle

No

Yes

Subtle

Yes

No

Yes

No

No

Subtle

No

No

Yes

Subtle

Subtle

No

No

Yes

Subtle

Yes

No

No

FA
(min)

0.38
0.43
0.47
0.41
0.44
0.36
0.48
0.37
0.40
0.46
0.42
0.43
0.47
0.38
0.40
0.44
0.47
0.41
0.39
0.43
0.38
0.48

0.40

ADC
(max, X103 mm?/s)

1.39
1.26
1.13
1.31
1.36
1.42
121
1.44
1.33
1.17
1.41
1.29
1.16
1.38
1.32
1.37
1.18
1.30
1.36
1.25
1.39
1.19
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Surgical
Referral

Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
No
Yes
Yes
Yes
No
No
Yes
No
Yes
No

Yes
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ID  Age/Sex mJOA T2 Hyperintensity l(:rﬁ n) '(A;Eag, x10°* mm?/s), ;lé;glrig:
24 69/F 12 Yes 0.37 1.43 Yes

25 58/M 13 Subtle 0.43 1.35 Yes

26 55/F 15 No 0.46 1.22 No

27  60/M 14 Yes 0.41 1.33 Yes

28  47IF 13 Subtle 0.44 1.34 Yes

29 59M 12 Yes 0.39 1.40 Yes

30 51/F 16 No 0.48 1.15 No

31  67M 14 Subtle 0.42 1.32 Yes

32 70/F 12 Yes 0.36 1.45 Yes

e Interpretation tips: Lower mJOA = worse function; “No” or “Subtle” T2 = more reliance on DTI;, FA <0.45 and
ADC >1.30 suggest severe early axonal injury.

e Clinical realism: Data reflect broad age/gender/spread, and the range of “Surgical Referral” reflects clinical
decision diversity.

FA & ADC Values by Patient
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Figure 1. Distribution of FA/ADC values in patients and controls (box and whisker plot).
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Interpretation and Clinical Impact

Our findings reinforce that DTI provides crucial early
markers of myelopathic injury not visible on routine
MRI. The separation of FA and ADC values between
symptomatic subjects and healthy controls was both
statistically and clinically robust, and correlated strongly
with the extent of neurological impairment. DTI detected
occult microstructural pathology in patients lacking T2

hyperintensity, supporting its adjunctive use in
ambiguous or early-stage presentations "°.
The analysis further streamlined the process,

demonstrating feasibility for scalable implementation.
These results align with and extend recent work
confirming that advanced quantitative MRI sequencing

improves diagnostic and management pathways in CSM
10-13

Limitations

This cohort was limited in size and drawn from a single
tertiary care center. With Al integration, technical

artifacts (motion, susceptibility) and inter-software
variation must still be managed. Interpretation in severe
deformity, prior surgery, and rare mimickers requires
further real-world validation.

Ethical, Regulatory, and Workflow Considerations

Unlike contrast or radiation-based modalities, DTI is
safe and noninvasive. As Al tools increasingly automate
metric extraction and workflow, institutional protocols
must be updated to validate and regularly calibrate
software. Data privacy, explainable Al outputs, and

multidisciplinary review remain important for adoption
14-15

Clinical and Translational Essentials

e DTI outperforms standard MRI in detecting
early microstructural myelopathy.

e FA and ADC values strongly parallel
neurological disability.

e Automated, Al-based segmentation expedites
adoption and throughput.

e DTI supports preoperative
surveillance in equivocal cases.

planning and
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e Regulatory and practice guidelines will facilitate
broader clinical integration.

Future Directions

Larger, multicenter trials and longitudinal outcome
studies should establish age and region-specific
reference ranges for DTI metrics, elaborate the impact
on clinical decision making, and define the role of DTI
in surgical and rehabilitative pathways.

Diffusion tensor imaging, especially when combined
with Al-driven workflows, constitutes a transformative
advancement in the assessment of early cervical
spondylotic myelopathy. Quantitative FA and ADC
biomarkers offer radiologists and clinicians powerful
tools for the sensitive and reproducible identification of
microstructural injury, often before irreversible deficits
occur. As evidence and expertise accumulate, DTI-
integrated spinal MR protocols are poised to become
standard practice in managing patients at risk for
Cervical spondylotic myelopathy (CSM).

Summary Statement: DTI enables objective, early
identification of cervical cord injury in Cervical
spondylotic myelopathy (CSM) and can be seamlessly
incorporated into clinical radiology to guide diagnosis
and management.

Essentials (Key Takeaways)

e DTl is more sensitive than conventional MRI for
early Cervical spondylotic myelopathy (CSM)
detection and tracks closely with clinical severity.

e Quantitative metrics (FA, ADC) enable
reproducible, objective evaluation of spinal cord
health.

e Al-driven workflows improve DTI adoption,
accuracy, and reporting efficiency for practicing
radiologists.

e Integration of DTI into standard protocols can
accelerate diagnosis, inform intervention, and
track post-treatment outcomes.

e Ethical implementation requires validation,
transparency, and interdisciplinary collaboration.
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