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Abstract: It was aimed to investigate whether the fractional 

anisotropy (FA) differs for the benign and metastatic axillary lymph 

nodes (LNs). 58 women with benign (n=33) and metastatic (n=25) 

axillary LNs who underwent diffusion-weighted and tensor imaging 

with a 3T scanner were enrolled. Apparent diffusion coefficient 

(ADC) and FA, cortex thickness, long and short axes were measured 

retrospectively and compared statistically. Observer reliabilities 

were also assessed in terms of intra and inter-reviewer variability. 

Metastatic LNs showed significantly lower ADC and FA values and 

greater cortex thickness, long and short axes. ROC test showed the 

area under the curve values of 0.876 for ADC, 0.661 for FA, and 

0.960 for cortex thickness. Cortex thickness had excellent 

sensitivity, specificity, and accuracy. A cutoff value of 3.5 mm for 

cortex thickness had 92% sensitivity, 94% specificity, 92% positive 

predictive value (PV), 93% negative PV, and 93% accuracy. A cutoff 

value of 0.774x10-3 mm2/s for ADC had 84% sensitivity, 82% 

specificity, 79% positive PV, 90% negative PV, and 84% accuracy. 

A cutoff value of 0.423 x10-3 mm2/s for FA had 64% sensitivity, 76% 

specificity, 67% positive PV, 71% negative PV, and 71% accuracy. 

High intra- and inter-observer reliabilities were seen. Among the 

parameters assessed by our study, cortex thickness had superior 

accuracy. ADC and FA showed a respectable diagnostic 

performance, especially the first one having a high negative PV and 

the second one relatively high specificity. © 2020 NTMS. 

Keywords: Axilla, Apparent Diffusion Coefficient, Diffusion 

Tensor Imaging, Fractional Anisotropy, Lymph Nodes, Magnetic 

Resonance Imaging. 

 
1. Introduction 

Diagnosing axillary lymph node (LN) involvement is 

important in breast carcinoma management because LN 

status changes treatment decisions (1,2). Although 

sentinel biopsy is generally done in invasive breast 

cancer, axilla dissection continues to be performed in 

patients with invasive, high-grade carcinomas (1,3).  

 

 

 

 

However, the procedure contains some disadvantages.  

Magnetic resonance imaging (MRI) with its superior 

latitudinal resolution and tissue categorization capacity 

has the uppermost sensitivity for the discovery of breast 

carcinoma (4,5).  

On the other hand, its moderate specificity leads to the 

search for additional supportive tools.  
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Diffusion tensor and diffusion-weighted imaging (DTI 

and DWI) are two advanced MRI tools and are 

currently active research areas with this point of view 

(6-10). 

Although many studies have been conducted on breast 

DWI, few studies have reported on DTI for breast and 

no DTI study for axilla (11-16). DTI applies extra 

gradients to identify the amount of diffusion and allows 

the evaluation of the extent of anisotropic diffusion in 

concerned tissue, referred to as the full diffusion tensor 

(11). Fractional anisotropy (FA) deals with the amount 

of anisotropy, while the apparent diffusion coefficient 

(ADC) is the directionally averaged diffusivity (17). 

According to our knowledge, DTI has not been 

previously used to evaluate axillary LNs. 

In this study, we studied the importance of the FA 

parameter for benign and metastatic axillary LNs. 

 

2. Patients and Methods 

The institutional ethics committee of our university 

hospital appropriated the retrospectively designed 

procedure, and informed-consent was surrendered 

(2301-13/1). 

 

2.1. Patients 

We reviewed our archives and identified 58 women 

with benign (n=33) and metastatic (n=25) axillary LNs 

between July 2013 and October 2015. Axillary LNs of 

patients with Breast Imaging-Reporting and Data 

System (BI-RADS) category 1-2 results on MRI, no 

suspicious findings on conventional imaging, no 

change in findings over 2 years, and histopathological 

evidence of benign breast pathology were involved in 

the benign group. Patients with breast carcinoma and 

pathologically proven ipsilateral metastatic LNs were 

included in the metastatic group. When several nodes 

were detected, the biggest one was measured. 

Exclusion criteria were previous chemotherapy for 

breast carcinoma, incomplete examination, or un-

diagnosable images (e.g. due to artifacts or distortions, 

or lack of coil cover). 

 

2.2. Breast MRI 

Breast MRI was acquired by a 3-Tesla scanner (Skyra; 

Siemens, Germany) and a dedicated coil with patients  

in the prone position. A standard protocol was used: 

coronal short time inversion recovery (STIR), sagittal 

fat-suppressed, turbo-spin echo T2-weighted imaging,  

turbo-spin echo T1-weighted imaging, single-shot 

echo-planar imaging (as DWI) and dynamic pre- and  

post-contrast fat-suppressed, fast low-angle shot 

(FLASH) three-dimensional images were acquired. 

 

2.3. DWI and DTI 

DWI and DTI were acquired with the following 

parameters: TR=4000-ms, TE=60-ms, slice 

thickness=4.0-mm, FOV=380-mm, averages=4, 

interslice gap=0 and scan time=3.37-min. Diffusion 

gradients were applied in 6 directions with b=50, 400, 

and 800 s/mm2 in all cases.  

2.4. Interpretations 

Breast MRI, DWI, and DTI data were post-processed 

on the MRI console using the Neuro3D toolbox 

(Leonardo, Siemens Healthcare, Erlangen, Germany). 

The cortex thickness, greatest long and short axes of the 

LNs was measured on the post-contrast T1-weighted 

image. The DWI and DTI parameters were calculated 

by tracing a free-hand region of interest (ROI) on the 

cortex of the LNs on ADC and FA map by a 

simultaneous display with T1-WI. The two-

dimensional ROI was cautiously positioned on the LN 

to include the cortex and exclude the necrotic and cystic 

components, axillary fat, or hilum. The ROI size was 

variable depending on the anatomy and size of the LN. 

ROI calculations were done by a radiologist with 15-

year-experienced (AK) who was blinded to the 

patients’ history and histological results at least three 

times. Intraobserver consistency was evaluated by the 

same radiologist at a time interval of two weeks, and 

the same information was used with a second 

radiologist with 5 years of experience (VE) to assess 

inter-observer reliability. 

 

2.5. Statistics 

The statistics were done by IBM SPSS Statistics for 

Windows, Version 21.0. Distribution normality was 

determined by the Shapiro-Wilk test. The cortex 

thickness, long and short axes, ADCs, and FAs were 

compared by independent samples t-test between the 

benign and metastatic lesions. Receiver operating 

characteristic (ROC) curve analysis was performed to 

define the cutoff points and diagnostic performances. 

Intraobserver agreement was calculated by the Pearson 

correlation coefficient and interobserver agreement by 

Kendall's coefficient of concordance (the mean value of 

the first observer compared with the second observer’s 

measurement). All tests were two-tailed and a p-value 

under 0.05 was accepted as a statistical significance 

level. 

  

3. Results 

A total of 33 female (mean age=41±7 (32-50) years) 

were enrolled in the benign group and 25 female 

patients (mean age=50±13 (26-80) years) with 

pathologically proven metastatic axillary involvement 

comprised the metastatic group (Figures 1, 2). 

For the benign group, the mean long axis was 16±5-mm 

(between 9-31-mm) and the mean short axis was 9±3-

mm (between 5-17-mm). For the metastatic group, the 

mean long axis was 26±21-mm (between 10-95-mm) 

and the mean short axis was 22±17-mm (between 8-78-

mm). 

Statistical analyses showed significant changes in ADC 

(P=0.00), and FA values (P=0.04) cortex thickness 

(P<0.00), long (P=0.00) and short axes (P=0.00), 

(Table 1). The metastatic group had a significantly 

greater size and cortex thickness, lower ADC and FA 

values (Figures 3, 4).  

ROC analysis showed the area under the curve value of 

0.876 for ADC and 0.661 for FA values, 0.960 for 
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cortex thickness, 0.687 for long axis, 0.848 for short 

axis (Figures 5, 6; Table 2). A cutoff value of 3.5 mm 

for cortex thickness had 92% sensitivity, 94% 

specificity, 92% positive predictive value (PV), 93% 

negative PV and 93% accuracy. A cutoff value of 

0.774x10-3 mm2/s for ADC had 84% sensitivity, 82% 

specificity, 79% positive PV, 90% negative PV and 

84% accuracy. A cutoff value of 0.423 x10-3 mm2/s for 

FA had 64% sensitivity, 76% specificity, 67% positive 

PV, 71% negative and 71% accuracy (Figure 7). 

High intra- and inter-observer agreements were seen 

for ADC (R=0.917, P=0.00 and R=0.761, P=0.00) and 

FA values (R=0.876, P=0.00 and R=0.700, P=0.00), 

cortex thickness (R=0.910, P=0.00 and R=0.850, 

P=0.00), for long axis (R=0.956, P=0.00 and R=0.887, 

P=0.00), short axis (R=0.970, P=0.00 and R=0.910, 

P=0.00). 

 

 

 
Figure 1: A case of metastatic axillary involvement on the left. Thickened cortex, round configuration and hilar 

obliteration can be seen (a). Pathology specimen shows lymphoid tissue (arrow) and metastasis (star) (b). 
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Figure 2: A benign lymph node with a thin cortex is visible in the left axilla. 

 

 
 

 

Figure 3: Box plot shows ADC values of benign and 

metastatic lymph nodes. Boxes symbolize interquartile 

range divided at the median; whiskers show range of all 

values. Circles and diamonds represent outliers. 

Metastatic nodes show lower ADC values.  

Figure 4: Box plot shows FA values of benign and 

metastatic lymph nodes. Boxes symbolize interquartile 

range divided at the median; whiskers show range of all 

values. Circles and diamonds represent outliers. 

Metastatic nodes show lower FA values.
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Figure 5: In receiver operating characteristic (ROC) 

curve analysis, cortex thickness has the highest area 

under the curve (AUC) value. 

 
 

 

Figure 6: Receiver operating characteristic (ROC) 

curve analysis shows a high area under the curve 

(AUC) value of ADC. 

 

 
Figure 7: Graphic shows cutoff values obtained by ROC analysis and sensitivity and specificity combinations.

4. Discussion 

In this study, we evaluated ADC and FA values, cortex 

thickness, short-long axes of benign and metastatic 

axillary LNs. Metastatic LNs showed significantly 

greater cortex thickness and short-long axes, lower 

ADC and FA values. Cortex thickness had an excellent 

diagnostic performance. ADC value had a relatively 

good diagnostic performance with especially a high 

negative PV of 90%. FA had a moderate diagnostic 

performance with remarkable specificity.  

Staging axilla by LN dissection is highly accurate. 

However, due to morbidities such as lymphedema and 

paresthesia following this procedure, the development 

of non-invasive, image-based methods for detecting 

axillary LN metastasis is an active research area. There 

is no characteristic finding on dynamic MRI with high  

 

 

specificity for the distinction between benign and 

metastatic LNs (18). 

Although several studies have suggested that DWI has 

some utility in axillary LN assessment (19), there is a 

paucity of data in the English literature concerning DTI 

parameters of axillary LNs. 

ADC values obtained by DWI were reported as useful 

in discriminating benign and metastatic LNs by some 

authors, but not others (20-22). Rautiainen et al. imaged 

56 axillae (121 LNs) and concluded that metastatic 

axillary LNs consumed significantly lower ADC values 

(P<0.001). According to their results, mean ADC as 

obtained by 3-T was 0.663-0.676x10-3 mm2/s for 

metastatic LNs and 1.100-1.225x10-3 mm2/s for benign 

ones (maximum b value of 800 s/mm2) (21).  
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Yamaguchi et al. evaluated pathologically proven 

axillary LNs with and without metastasis and 

determined a mean ADC value of 0.746×10-3 mm2/s for 

metastatic LNs and 1.033×10-3 mm2/s for non-

metastatic LNs (maximum b value of 800 s/mm2) 

(P<0.001). They reported 85% sensitivity and 81% 

specificity by a cutoff ADC value of 0.852x10-3 mm2/s 

to differentiate metastatic from non-metastatic LNs 

(23).  

In contrast, Kamitani et al. studied axillary LNs with 

and without metastasis on a 1.5-T system and 

concluded that the ADC of metastatic nodes was 

considerably higher than that of benign LNs (1.08× 

10-3 mm2/s vs. 0.92×10-3 mm2/s, maximum b value of 

1000 s/mm2, P=0.004) (24). According to our results, 

benign LNs had higher mean ADC values than 

metastatic ones (0.965×10-3 mm2/s vs. 0.669×10-3 

mm2/s) and the difference was statistically significant 

(maximum b value of 800 s/mm2). 

Additionally, ROC analysis showed that an ADC cutoff 

of 0.774x10-3 mm2/s had high sensitivity and 

specificity. Especially negative PV was better. 

DWI is reported to provide information about tissue 

microenvironments such as perfusion, flow effects, cell 

density, proliferation rate, nucleus size, intracellular 

macromolecules, nucleus/cytoplasm ratio and 

extracellular matrix volume (25-31). ADC values are 

considered to represent the cellular or extracellular 

elements of the tissue, while FA values are believed to 

reflect tissue organization (14). The lower FA values 

reported representing more organized tissues.  

 

 

Table 1: Differences of size, diffusion tensor imaging (DTI) and diffusion-weighted imaging (DWI) parameters 

of axillary lymph nodes.

Variable(s) Group N Mean 
Standard 

Deviation 
P values  

Cortex thickness 

(mm) 

Benign  33 2.2 1.3 
0.00* 

Metastatic 25 10.8 9.1 

Long axis 

(mm) 

Benign  33 16 5 
0.00* 

Metastatic 25 26 21 

Short axis 

(mm) 

Benign  33 9 3 
0.00* 

Metastatic 25 22 17 

ADC value 

(x10-3 mm2/s) 

Benign 33 0.965 0.186 
0.00* 

Metastatic 25 0.669 0.183 

FA value 

(x10-3 mm2/s) 

Benign 33 0.481 0.153 
0.04* 

Metastatic 25 0.394 0.151 

 

Table 2: ROC analysis results, performance of benign-metastatic discrimination of variables. 

 

Variable(s) 

 

Area under curve 

95% Confidence Interval 

 

Lower Bound 

 

Upper Bound 

Cortex thickness 0.960 0.910 1,000 

Long axis 0.687 0.551 0.822 

Short axis 0.848 0.745 0.951 

ADC 0.876 0.783 0.970 

FA 0.661 0.514 0.808 

DTI studies of breast imaging are limited in number. 

Partridge et al. reported in their study that anisotropy 

was reduced in metastatic tumors than the normal 

parenchyma, but FA did not allow significant 

discrimination (13). In another study, it is reported that 

the breast parenchyma showed mainly anterior-

posterior diffusion, whereas breast lesions had no 

principal diffusion direction (14). The metastatic 

tumors displayed a lower ADC and higher FA and ADC 

was more distinctive. Cakir et al. studied ADC and FA 

in 30 malignant and 25 benign lesions as well as normal 

breast parenchyma. They reported that FA was not 

discriminative for benign and malignant lesions (11). 

Tagliafico et al. measured ADC and FA values of 

normal breast tissue at 3.0 T and concluded that ADC 

values obtained with DTI are more reproducible than 

FA (15). Jiang et al. studied DTI of breast lesions and 

concluded ADC and FA values are statistically 

different between benign and malignant lesions and 

associated with cellularity. To their results, ADC was 

useful to estimate the grade (32).  Our study showed a 

better diagnostic performance of ADC than FA, and the 
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first one was considerably different for benign and 

metastatic LNs much more. So ADC was more 

reproducible than FA. 

A limitation of the present study is its retrospective 

design. Secondly, there may be potential population 

bias because the axilla was not fully covered by the coil 

during DWI/DTI for every patient examined in our 

department. The number of patients was also limited. 

For the benign group, diagnostic confirmation was 

based on clinical, radiologic and follow-up data but 

there was no histopathological analysis and some 

benign LNs too small for ROI placement were not 

evaluated. In the metastatic group, histopathological 

results were available, but no marking procedure had 

been performed. Additionally, no normalization was 

used for parameters. 

 

5. Conclusions 
In conclusion, to our understanding, this is the first 

study using DTI to evaluate axillary LNs. Metastatic 

LNs presented significantly greater cortex thickness 

and short-long axes, lower ADC and FA values. ADC 

value had a relatively better diagnostic performance 

than FA.  
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