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The Role of DTI and DTT in the Evaluation of Cervical 
Extramedullary Tumors

AIM: To evaluate the efficacy of diffusion tensor imaging (DTI) and diffusion tensor tractography (DTT) in establishing the relationship 
between cervical extramedullary tumors and the spinal cord with reference to, especially treatment planning, clinical outcome 
prediction and diagnostic accuracy.  
MATERIAL and METHODS: This was a retrospective study conducted on 15 patients diagnosed with cervical extramedullary 
tumors, wherein each patient underwent standard 3.0-T magnetic resonance imaging, DTI, and DTT to evaluate microstructural 
changes and neural tract displacement. Fractional anisotropy (FA) values were examined, and the relationship of tractography 
results with clinical presentation and outcomes was evaluated.
RESULTS: FA values revealed disturbances in the microstructure, which exhibited marked changes in lesion areas compared with 
that of normal tissue and displaced spinal cord (DSC). The DTT of each patient revealed neural tract anomalies or deformities related 
to the degree of their clinical symptoms. Receiver operating characteristic curve analysis demonstrated the excellent diagnostic 
accuracy of FA in separating lesions from normal tissue (AUC = 0.880) and DSC (AUC = 0.840).
CONCLUSION: FA values could help particularly in detecting early myelopathic changes due to cervical cord displacement, which 
might be a critical indication for surgical decisions. This study supports the usage of DTI and DTT in evaluating cervical extramedullary 
lesions, surgical planning, and outcome prediction by exposing microstructural changes and lesion–tract relationships.
KEYWORDS: Cervical extramedullary tumors, Diffusion tensor imaging, Diffusion tensor tractography, Cervical spinal cord, Surgical 
planning
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█   INTRODUCTION

The cervical spinal cord is a fundamental anatomical 
structure for neural signals where lesions can signifi-
cantly affect function and quality of life. Magnetic res-

onance imaging (MRI) is a basic technique for the diagnosis 
and differentiation of lesions in the cervical spinal cord, help-
ing in surgical planning and patient management (4). Diffusion 
tensor imaging (DTI) and diffusion tensor tractography (DTT) 

provide spinal imaging with a novel viewpoint and essential 
knowledge of the microstructural integrity of neural pathways 
(2,5-7). These two techniques are quite helpful in evaluating 
patients with different spinal diseases, including intramedul-
lary and extramedullary tumors, vascular malformations, and 
traumatic spinal cord injury. They provide comprehensive 
information on the directionality and integrity of fiber tracts 
(11,13,16,22).
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DTI and DTT can effectively detect changes in neural tracts 
and their surroundings. They can provide details on deviation, 
deformation, and disturbance, which would be vital for 
determining the degree of damage and organizing surgical 
treatments (3,8,19,21,22). Furthermore, there is ongoing 
research on the predictive power of these imaging techniques 
in deciding outcomes and guiding therapy development. 
Some studies have also demonstrated a correlation between 
DTT results and neurological examination findings (19,22). 
Despite these advances, it is necessary to investigate the 
application of DTI and DTT in the framework of cervical 
extramedullary lesions and their efficacy in this particular 
context. Accordingly, this study was conducted to explore 
the usefulness of DTI and DTT to address the knowledge gap 
in the relationship between cervical extramedullary tumors 
and the spinal cord. Moreover, by analyzing the impact, we 
attempted to examine in detail how cervical extramedullary 
tumors interact with the spinal cord, thus guiding treatment 
strategies, clinical outcomes, and surgical approach.

█   MATERIAL and METHODS
Ethical Considerations

This study was conducted according to the Declaration of 
Helsinki and approved by the Yeditepe University Ethical 
Committee (IRB Approval Number: 1344). Informed consent 
was obtained from each study participant.

Study Design and Patient Population

This retrospective study was conducted between January 
2018 and May 2024 in a tertiary care center on 15 patients, 
including 8 men and 7 women, who were diagnosed with ex-
tramedullary cervical spine lesions. Patients were included, 
irrespective of whether they were advised for either conser-
vative management or surgical intervention after confirming 
extramedullary cervical spine lesions. All patients underwent 
the cervical MRI protocol, which also included a focused DTI 
sequence for microstructural analysis and lesion evaluation. 
Exclusion criteria were incomplete or low-quality imaging 
data, intramedullary or other cervical lesion type, and previous 
cervical spine surgery.

Imaging Protocol

All participants underwent MRI on a 3.0-T system (GE 
Discovery MR750w, GE Healthcare, Waukesha, USA) with 
a 24-channel neck coil covering the C1–C7 levels. A T2-
weighted fast spin-echo (FSE) sequence was performed with 
a TR of 3450 ms, a TE of 96.1 ms, and a matrix size of 416 × 
288. The focused DTI sequence was acquired using a spin-
echo echo-planar imaging (SE/EPI) technique with a TR of 
6000 ms, a TE of 71.9 ms, and a matrix size of 128 × 34, 
applying diffusion weighting along 16 directions (b-values: 0 
and 800 s/mm2). Both sequences were acquired in the sagittal 
plane with a field of view (FOV) of 18 cm, a slice thickness of 
3.0 mm, and 16 slices with no interslice gap.

Diffusion Tensor Tractography

A specialized workstation (GE, AWS Portal 3.2 Ext. 4.0) was 

used to generate fractional anisotropy (FA) maps and perform 
tractography analyses. Although the FA maps were generated 
automatically, regions of interest (ROIs) were manually placed 
on the normal-appearing spinal cord, above and below the 
lesion to initiate fiber tracking.

Data Analysis

Demographic and clinical data, including age, gender, and 
clinical presentation, were recorded. Imaging findings from 
conventional MRI, DTI metrics (FA values), and DTT results 
were analyzed. FA measurements were obtained using ROIs 
(10–30 mm in size) from the normal-appearing cervical spinal 
cord, the cervical spinal cord near the lesion, and directly over 
the lesion. Tractography results were analyzed to determine the 
relationship between lesions and the surrounding structures, 
which were categorized as normal, deviated, deformed, or 
interrupted fibers. The relationship between DTT results and 
clinical symptoms was evaluated to explore the potential 
impact of extramedullary lesions on the microstructure and 
function of the cervical spinal cord.

Statistical Analysis

Statistical analyses were conducted using the SPSS soft-
ware (version 27, IBM Corp., Armonk, NY, USA). Skewness 
and kurtosis coefficients were calculated to determine wheth-
er the values for each continuous variable followed a normal 
distribution. Categorical variables were expressed as frequen-
cies (n, %), and continuous variables were summarized using 
mean and standard deviation.

The Mann–Whitney U test was applied to compare continu-
ous variables between two groups, whereas comparisons be-
tween more than two groups were performed using the Krus-
kal–Wallis test. Post hoc analysis to determine the groups that 
contributed to significant differences was performed using 
Dunnett’s multiple comparison test. Within-group repeated 
measures were analyzed using the Friedman test, and sub-
group repeated measures were analyzed using the Wilcoxon 
signed-rank test.

The diagnostic performance of FA scores in differentiating the 
presence of lesions was evaluated using receiver operating 
characteristic (ROC) curve analysis. The optimal FA cutoff 
was determined using the Youden index. The diagnostic 
performance of FA was expressed in terms of sensitivity, 
specificity, positive predictive value, negative predictive value, 
and accuracy. Categorical data were compared using Fisher’s 
exact test. Results were considered statistically significant at 
p<0.05 (two-tailed) within a 95% confidence interval.

█   RESULTS
The mean age of the 15 participants was 48.73 ± 12.55 (range: 
33–68) years, and there were 7 (47%) women and 8 (53%) 
men. The following tumor types were identified: meningioma in 
6 patients (40%), schwannoma in 6 patients (40%), chordoma 
in 2 patients (13%), and osteoblastoma in 1 patient (6.7%). 
The mean tumor size was 34.80 ± 18.16 (range: 12–88) mm. 
Table I shows the detailed characteristics of the patients.
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DTI Measurements and FA

The mean FA values for normal tissue, displaced spinal cord 
(DSC), and lesion areas were 0.54 ± 0.13, 0.51 ± 0.12, and 
0.31 ± 0.16, respectively. The FA values showed a statistically 
significant difference based on the measurement region (χ2 = 
25.200; p<0.001). Subgroup analysis showed that FA values 
were significantly lower in the lesion area than in the normal 
tissue and DSC (p<0.001). However, the FA values were not 

statistically significantly different between normal tissue and 
DSC (p>0.05).

Patients classified as “normal” on DTI/DTT analysis exhibited 
no significant differences in FA values between normal tissue, 
DSC, and lesion areas (p>0.05). In contrast, patients classified 
as “deviation” showed a significant decrease in FA values 
from normal tissue to the lesion area (χ2 = 20.667; p<0.001).

Table I: Patient/Lesion / MR Characteristics

Variables n (%)

Patient

Age (years) Mean ± SD (range) 48.73 ± 12.55 (33–68)

Gender

Female 7 (46.7)

Male 8 (53.3)

Lesion

Size (mm) Mean ± SD (range) 34.80 ± 18.16 (12–88)

Histological Type

Meningioma 6 (40)

Schwannoma 6 (40)

Others          3 (20)

Localization

C1 1 (6.7)

C1–2 4 (26.7)

C1–4 1 (6.7)

C2 3 (20)

C2–3 2 (13.3)

C2–5 1 (6.7)

C6–7 2 (13.3)

C7–T1 1 (6.7)

Magnetic Resonance Imaging Characteristics

T1 Signal Intensity

Hypointense 5 (33.3)

Heterogeneous/Isointense 10 (66.7)

T2 Signal Intensity

Hyperintense 8 (53.3)

Heterogeneous/Isointense 7 (46.7)
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lesions from normal tissue were 93.3%, 80%, and 86.7%, 
respectively, and the respective values for distinguishing 
lesions from DSC were 100%, 60%, and 80% (Table III).

Patient Complaints and Symptoms

The most common symptom was neck pain in 9 patients 
(60%), followed by radiculopathy in 5 patients (33.3%), 
numbness in 4 patients (26.7%), and loss of balance in 1 
patient (6.7%). Multiple symptoms were found in 6 patients 
(40%), and neurological findings were detected in 7 patients 
(46.7%). Symptoms were more common in patients classified 
as “deviation” on DTI/DTT analysis; however, these differences 
did not reach statistical significance (p>0.05). There was also 
no significant association between lesion type and symptom 
frequency (p>0.05) (Table IV).

For meningiomas and schwannomas, the FA values of lesions 
were significantly lower than those of normal tissue and DSC 
(χ2 = 10.333–9.333; p<0.01). However, the FA values of DSC 
were higher for meningiomas and schwannomas than for 
other tumor types (Z = −2.028; p=0.043) (Table II).

FA Diagnostic Performance (ROC Analysis)

Although the ability of FA to differentiate normal tissue 
from DSC was poor and not statistically significant (AUC = 
0.607; p=0.320), FA demonstrated excellent performance 
in distinguishing lesions from normal tissue (AUC = 0.880; 
95% confidence interval (CI): 0.756–1; p<0.001) and lesions 
from DSC (AUC = 0.840; 95% CI: 0.693–0.987; p=0.002). 
The optimal cutoff points for distinguishing lesions from 
normal tissue and DSC were 0.39 and 0.36, respectively. The 
sensitivity, specificity, and accuracy of FA for distinguishing 

Table II: Fractional Anisotropy (FA) Measurement Results

Variables Normal (a) DSC (b) Lesion (c) χ² p-value a vs b a vs c b vs c

All Patients 0.54 ± 0.13 0.51 ± 0.12 0.31 ± 0.16 25.200 <0.001* 0.053 <0.001* <0.001*

DTI/DTT Classification

Normal 0.46 ± 0.17 0.48 ± 0.13 0.32 ± 0.13 4.667 0.097 - - -

Deviation 0.56 ± 0.12 0.52 ± 0.12 0.31 ± 0.17 20.667 <0.001* 0.023*** 0.002** 0.002**

Z/P-value 1.231/0.218 −0.362/0.717 −0.217/0.828

Lesion Type

Meningioma (1) 0.54 ± 0.15 0.49 ± 0.11 0.38 ± 0.17 10.333 0.006** 0.249 0.028*** 0.027***

Schwannoma (2) 0.61 ± 0.10 0.60 ± 0.06 0.29 ± 0.16 9.333 0.009** 0.345 0.028*** 0.027***

Others (3) 0.41 ± 0.03 0.37 ± 0.02 0.19 ± 0.03 6.000 0.050 - - -

K-Wχ²/P-value 5.057/0.080 7.592/0.022*** 3.651/0.161

Difference† 3 < 2

Lesion Type
Meningioma/
Schwannoma 0.57 ± 0.13 0.54 ± 0.10 0.34 ± 0.17 19.500 <0.001* 0.136 0.002** 0.002**

Others 0.41 ± 0.03 0.37 ± 0.02 0.19 ± 0.03 6.000 0.050 - - -

Z/P-value −2.028/0.043*** −2.318/0.020*** −1.664/0.096
DTI: Diffusion tensor imaging, DTT: Diffusion tensor tractography 

Table III: Diagnostic Performance of FA (ROC Analysis Results)

Diagnostic Performance Normal Tissue vs. DSC Normal Tissue vs. Lesion DSC vs. Lesion

AUC (95% CI) 0.607 (0.401–0.813) 0.880 (0.756–1)* 0.840 (0.693–0.987)**

Cut-off Point 0.65 0.39 0.36

Sensitivity 40% 93.3% 100%

Specificity 86.7% 80% 60%

Positive Predictive Value 75% 82.4% 71.4%

Negative Predictive Value 59.1% 92.3% 100%

Accuracy 63.3% 86.7% 80%
DSC: Displaced spinal cord.
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in intramedullary lesions, these tracts were disrupted or inter-
rupted. These findings are consistent with those of previous 
studies, which indicate that DTI and DTT provide valuable mi-
crostructural information that helps in clinical decision-making 
and accurately characterizing the lesions, particularly in the 
context of surgical planning and predicting neurological out-
comes (12,20).

This study emphasizes that DTI and DTT can contribute to 
surgical planning by supporting the diagnosis and clinical 
findings. The significant reduction in FA values effectively 
identified compression and microstructural changes in neural 
pathways, playing a pivotal role in preserving neural integri-
ty during surgery and improving postoperative neurological 
outcomes. The high diagnostic performance of FA in distin-
guishing cervical extramedullary tumors from normal tissue 
and DSC underscores its clinical applicability. Moreover, the 
differences in FA values between tumor types suggest that 
DTI could serve as a complementary tool for tumor charac-
terization. 

Our findings correlated with the clinical presentation of the 
patients. Patients with pronounced deviation and deformation 
of neural tracts often presented with more severe neurological 
symptoms, including motor weakness and sensory deficits. 

█   DISCUSSION
The findings of this study emphasize the significance of DTI 
and DTT in the evaluation of cervical extramedullary lesions 
and indicate their possible impact on surgical planning and 
neurological outcomes. Consistent with previous research 
demonstrating the sensitivity of DTI in identifying minor patho-
logical changes within the spinal cord, the variations in FA val-
ues observed in our study patients indicate the microstructur-
al changes occurring near extramedullary lesions (4,7,13). The 
ability of DTI to visualize the displacement or deformation of 
neural tracts provides invaluable guidance for surgical plan-
ning, enabling the preservation of neural integrity and possibly 
improving postoperative outcomes (19,22).

DTI and DTT have been confirmed to be valuable tools in dis-
tinguishing between intramedullary and extramedullary spinal 
lesions (1). Furthermore, they provide functional insights that 
complement conventional MRI (12,15). The general pattern 
of extramedullary lesions typically displaces and compress-
es the spinal cord (14). Intramedullary lesions often infiltrate 
and disrupt spinal cord tracts (10). DTI metrics such as FA 
may predict damage to the axon, which remains relatively pre-
served in extramedullary tumors but is significantly reduced in 
intramedullary lesions (9). In extramedullary lesions, DTT re-
vealed that intact white matter tracts were displaced, whereas 

Table IV: Patient Complaints/Symptoms

Complaints/Symptoms n DTI/DTT
Normal Deviation p-value (a)

Neck pain, n (%) 9 1 (33.3) 8 (66.7) 0.525

Radiculopathy, n (%) 5 0 (0) 5 (41.7) 0.505

Numbness, n (%) 4 2 (66.7) 2 (16.7) 0.154

Loss of equilibrium, n (%) 1 0 (0) 1 (8.3) >0.999

Multiple symptoms, n (%) 6 0 (0) 6 (50) 0.229

Neurological findings, n (%) 7 2 (66.7) 5 (41.7) 0.569

Complaints/Symptoms n
Lesion Type

Meningioma/
Schwannoma

Other p-value (a)

Neck pain, n (%) 9 7 (58.3) 2 (66.7) >0.999

Radiculopathy, n (%) 5 4 (33.3) 1 (33.3) >0.999

Numbness, n (%) 4 4 (33.3) 0 (0) 0.516

Loss of equilibrium, n (%) 1 0 (0) 1 (33.3) 0.200

Multiple symptoms, n (%) 6 5 (41.7) 1 (33.3) >0.999

Neurological findings, n (%) 7 6 (50) 1 (33.3) >0.999

DTI/DTT p-value

Normal, n (%) 3 3 (25) 0 (0) >0.999

Deviation, n (%) 12 9 (75) 3 (100)

*p>0.05, Fisher’s exact test.
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in our study subjects, reflects the potential of this technology 
to minimize surgical morbidity by guiding the surgeon to avoid 
critical neural structures (7,19).

Our findings demonstrate that cervical extramedullary tumors 
impact spinal cord tracts differently based on tumor type and 
location. Meningiomas caused variable displacement, rang-
ing from minimal to significant (Figures 1–2), whereas cystic 
schwannoma resulted in complete tract displacement and 

Conversely, patients with less pronounced imaging changes 
tended to have milder or asymptomatic changes, suggesting 
that DTI and DTT findings have prognostic implications for 
neurological outcomes. Previous studies have demonstrated 
a correlation between DTI metrics and clinical symptoms, 
suggesting that these imaging modalities are biomarkers 
of the integrity and function of the spinal cord (19,22). In 
addition, the use of DTT in surgical planning, as demonstrated 

Figure 1: A 60-year-old woman with head and neck pain had a meningioma at C6–C7 (yellow arrows) with minimal displacement of the 
spinal cord tract. T2-weighted sagittal image (A), tracts superimposed on a T2-weighted sagittal image (B), a T2-weighted fat-saturated 
axial image (C), and a color-coded FA map (D).

Figure 2: A 61-year-old woman with numbness in her extremities had a meningioma at C1–C2 (yellow arrows) causing displacement 
of spinal cord tracts. T2-weighted sagittal fat-saturated image (A), T2-weighted axial fat-saturated image with cervical cord tracts (B), 
T2-weighted axial fat-saturated image (C), and color-coded FA map (D).
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█   CONCLUSION
Although DTI and DTT are generally applied in the evaluation of 
intra-axial brain tumors or intramedullary cervical tumors, they 
can provide valuable input in some cases of extramedullary 
cervical tumors, especially if the lesion causes displacement 
or compression of vital white matter tracts, and can assist 
in treatment and surgical planning. This study emphasizes 
the important role and clinical utility of DTI and DTT in the 
evaluation of extramedullary cervical tumors. The contribution 
of FA to the determination of microstructural changes may 
contribute to the early diagnosis of myelopathy findings, 
which may be a critical indicator for surgical decision-making.

Differences in the type, location, and size of cervical extra-
medullary tumors can provide information regarding the ori-
entation of the tracts, the degree of spinal cord compression, 
and the associated clinical picture. Although larger scale 
studies are required to increase the reliability and clinical ap-
plicability of DTI and DTT in the evaluation of extramedullary 
cervical tumors, our findings may provide important contribu-
tions for understanding the effects of DTI and DTT on neural 
pathways in distinguishing extramedullary from intramedullary 
tumors and predicting neurological outcomes.
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severe symptoms (Figure 3). These results emphasize the sig-
nificance of DTI and DTT in correlating neural compression 
patterns with clinical presentation. 

Although our study demonstrates the innovative and valuable 
role of DTI and DTT in preserving neural structures, technical 
challenges, such as motion artifacts, inhomogeneity, and the 
need for specialized expertise in analysis, limit generalizability 
(17). Moreover, the lack of a statistically significant relationship 
between clinical symptoms and DTI/DTT findings emphasizes 
the need for prospective studies with larger cohorts. 

The limitations of our study include its retrospective design 
and the small sample size. Technical issues, including motion 
artifacts and the requirement for specialist analysis tools, 
may also limit the clinical adoption of these techniques (4,22). 
Nonetheless, their ability to advance knowledge and outcomes 
in spinal cord pathology warrants further prospective studies 
with larger cohorts (18). 

Finally, the contribution of FA to the determination of micro-
structural changes may be important for decision-making 
regarding treatment or surgical approach. By revealing the 
microstructural changes and lesion–tract relationships, our 
study supports the use of DTI and DTT in evaluating cervi-
cal extramedullary lesions for surgical planning and outcome 
prediction. 

Figure 3: A 35-year-old woman with arm pain and numbness of the fingers showed a schwannoma with a cystic component at C6–C7 
(yellow arrows) causing complete displacement of the spinal cord tract. T2-weighted sagittal image (A), tracts superimposed on a T2-
weighted sagittal image (B), a T2-weighted fat-saturated axial image (C), and a color-coded FA map (D).
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