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Abstract 

Objectives. The purposes of this retrospective study were to compare various methods 

of apparent diffusion coefficient (ADC) measurement for head and neck lesions in 

half-Fourier single-shot turbo spin-echo (HASTE) diffusion-weighted imaging (DWI) 

and determine the threshold ADC value for predicting malignancy. 

Study Design. HASTE DW images of 46 lesions (10 cysts, 14 benign tumors, and 22 

malignant tumors) were studied retrospectively. The ADC values were compared 

between 0-1000 method, 500-1000 method, and weighted linear regression (WLR) fit.  

Results. The highest overall accuracies of 83.3%, 86.1%, and 88.9% were obtained 

when ADC values of 1.24 × 10-3 mm2/sec (0-1000 method), 0.98 × 10-3 mm2/sec 

(500-1000 method), and 1.23 × 10-3 mm2/sec (WLR fit), respectively, were used for the 

threshold. 

Conclusions. The present results indicate that ADC measurement with HASTE DWI is 

useful in predicting malignancy of head and neck lesions. 
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Introduction 

Preoperative diagnosis of head and neck lesions is important in surgical 

planning, and predicting malignancies in the head and neck region, in particular, is 

essential not only for surgical planning, but also prognosis. Several imaging techniques, 

including computed tomography, ultrasound, magnetic resonance imaging (MRI), and 

positron emission tomography can be helpful in diagnosing head and neck lesions. 

Recently, a number of MRI techniques have been developed that provide functional 

information which can be used to evaluate head and neck lesions1. 

Diffusion-weighted imaging (DWI) allows visualization of microscopic water 

diffusion in biological tissues2-5, and has been applied to head and neck lesions. Many 

researchers have applied echo-planar imaging (EPI) to DWI of head and neck lesions, 

as well as diagnosis of diseases of the central nerve system. However, EPI in the head 

and neck region has several inherent drawbacks, being affected by susceptibility, 

chemical shift, and N/2 artifacts6-13. An alternative to EPI, fast spin-echo DWI, is 

currently under investigation. One of these techniques is half-Fourier single-shot turbo 

spin-echo (HASTE), also known as single-shot fast spin echo or fast asymmetric spin 
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echo (FASE). The advantage of this technique over EPI is that it is relatively unaffected 

by susceptibility, chemical shift or N/2 artifacts. 

One method of evaluating DWI is to measure the apparent diffusion 

coefficient (ADC), and several researchers have reported the usefulness of this 

technique in the evaluation of head and neck lesions7-19. The ADC can be useful in 

characterizing both normal and pathological tissue as it reflects microscopic water 

diffusion and tissue perfusion in biologic tissues2-5. In many studies, linear regression 

and gradient b factors of 0 and 1000 sec/mm2 have been applied to ADC 

measurement7-9,11-14,17,18. However, other gradient b factors have also been used for 

ADC measurement8,10,15,16,19. Therefore, as yet, no consensus exists regarding the 

optimum gradient b factors and methods to be applied to ADC measurement. At our 

institution, HASTE DWI and linear regression with gradient b factors of 0 and 1000 

sec/mm2 for ADC measurement are used. In addition, a threshold ADC value of 1.10 × 

10-3 mm2/sec has been used to predict malignancy in reference to earlier studies. 

However, it has been suggested that the threshold ADC value for predicting malignancy 

should be determined according to each MR system, as MR units, pulse sequences, and 
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operation of units may vary9. As far as we know, no studies to date have compared the 

various methods of ADC measurement for head and neck lesions with HASTE DWI in 

order to determine the threshold ADC value for predicting malignancy. 

The purposes of this retrospective study were to compare various methods of 

ADC measurement for head and neck lesions in HASTE DWI and determine the 

threshold ADC value for predicting malignancy at our institution. 
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Materials and methods 

Patients 

A total of 72 patients with head and neck mass lesions who visited our hospital 

between January and November 2010 underwent conventional MRI and DWI. Among 

them, 28 patients were excluded from this study due to a lack of a final diagnosis in 22, 

an absence of a small mass lesion on conventional MR images in 5 with squamous cell 

carcinoma, and image distortion because of motion artifact on the DW images in one 

child. Therefore, a total of 44 patients with 46 head and neck lesions were included in 

this retrospective study. The patients comprised 19 men and 25 women with a mean age 

of 55.1 years (range, 20-79 years). In 34 of the 46 lesions, the final diagnoses were 

made histologically by using either surgery or biopsy. Among the remaining 12 cases, 

the diagnoses of five ranulas, two retention cysts, and five vascular malformations were 

established by their characteristic clinical and MR findings. The lesions were divided 

into 10 cysts, 14 benign tumors, and 22 malignant tumors, as shown in Table 1. 

Informed consent was obtained from all patients, and the study protocol was approved 

by our institutional review board (No. 314). 
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MRI Techniques 

  A 1.5-T whole-body MR system (Magnetom Symphony Maestro Class, 

Siemens, Erlangen, Germany) and head and neck coil were used to obtain all MR 

images. The standard MRI protocol for head and neck lesions at our institution includes 

The standard MRI protocol for head and neck lesions at our institution includes 

T1-weighted spin-echo images (TR [msec] / TE [msec] =500/15; number of signal 

averaged [NSA] = 1) in the axial and coronal planes, and T2-weighted turbo spin-echo 

imaging (TR/TE = 4600/90; TI = 110 msec; turbo factor = 19; NSA = 1) with the fat 

suppression by short inversion time inversion-recovery and chemical-shift selective 

saturation (Dual-FS-STIR- CHESS) in the axial and coronal planes20.  

 T1-weighted and T2-weighted images were obtained with a matrix of 384 × 

384 for T1-weighted images and 320 × 320 for T2-weighted images, a FOV of 230 × 

230 mm, and a section thickness of 4-6 mm with an intersection gap of 0.8-1.2 mm.   

 If the lesions were depicted onT1-weighted or T2-weighted images, HASTE 

DW images (TR/TE = 3000/101; receiver bandwidth [RBW] = 630 Hz/pixel; NSA = 1) 

were obtained in the axial plane at the section where the diameter of the lesion shown 



8 

was largest, with a matrix of 192 × 192, a FOV of 230 × 230 mm, and a section 

thickness of 4-5 mm with an intersection gap of 0.8-1.0 mm. 

Motion-probing gradients were applied in each of the three orthogonal 

directions, with six values for the gradient b factors of 0, 100, 300, 500, 700, and 1000 

sec/mm2. After HASTE DWI in 26 patients, T1-weighted spin-echo images (TR/TE = 

500/15; NSA = 1) with fat suppression by CHESS were also obtained in the axial and 

coronal planes after intravenous administration of 0.1 mmol/kg meglumine gadoterate 

(Magnescope, Guerbet Japan, Tokyo, Japan), with a matrix of 384 × 384, a FOV of 230 

× 230 mm, a section thickness of 4-6 mm, and an intersection gap of 0.8-1.2 mm.   

MR imaging analysis 

In the linear regression model, ADC was obtained according to the following 

equation: 

ADC (mm2/sec) = -［1/(b2 - b1)］ln (SI2 /SI1 ), -(1) 

where SI1 and SI2 are the signal intensities measured at a lower gradient b factor (b1) and 

a higher gradient b factor (b2). Therefore, the ADC values were calculated with a set of 

gradient b factors of 0 and 1000 sec/mm2 (0-1000 method) and another set of 500 and 
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1000 sec/mm2 (500-1000 method) for each lesion. Furthermore, the equation above (1) 

is based on a general mathematical model describing signal decaying processes which 

assumes mono-exponential decay under the presence of the motion-proving gradients21. 

Therefore, a weighted linear regression fit (WLR fit) was also performed to calculate 

ADC values. A circular region of interest (ROI) was placed on the DW images using 

T1-weighted, T2-weighted, or contrast-enhanced T1-weighted images as reference 

images. One oral radiologist (Y.S.) placed ROI using electric cursor on the DW images 

with special attention to avoiding over or under estimation. The placed ROIs were 

checked by consensus of two experienced oral radiologists (J.S. and M.O-Y.) for each 

patient. Furthermore, ADC maps were constructed from HASTE DW images with 

gradient b factors of 0 and 1000 sec/mm2. Image processing was performed using the 

operator console of the MR system.  

Statistical analysis 

A one-way analysis of variance (one-way ANOVA) and multiple comparison 

(Tukey-Kramer) test were used to detect significant differences among the mean ADC 

values for the three categories in each method: 0-1000 method, 500-1000 method, and 
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WLR fit, respectively. A receiver operating characteristics (ROC) curve was also used 

to evaluate diagnostic ability of ADC value for differentiating malignant tumors from 

benign tumors among the three methods. A P value of less than 0.05 was considered 

statistically significant. Furthermore, sensitivity, specificity, accuracy, positive 

predictive value and negative predictive value were also calculated to determine the 

most suitable threshold ADC value for predicting malignancy in each method. Analyses 

were performed with the statistical software package R version 2.12.0 for Windows(R 

Development Core Team, Vienna, Austria)22 and DBM MRMC 2.2 Build 3(Medical 

Image Perception Laboratory, Iowa, USA)23. 
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Results 

 The mean ADC values for the cysts, benign and malignant tumors with each 

method were shown in Table 2. The mean ADC value of the cysts was the highest, 

followed by those of benign and malignant tumors with each method, and there were 

significant differences in the mean ADC values among the three categories with each 

method (one-way ANOVA: P < 0.05; Tukey-Kramer test: P < 0.05). Fig. 1 shows box 

plots of the ADC values obtained with each method.  

 Fig. 2 shows the ROC curves of diagnostic ability of ADC value for the 

differentiating malignant from benign tumors among the three methods. The areas under 

the ROC curves (AUCs) were 0.844 ± 0.0806 (95% confidence interval: 0.680 - 1.08) 

with 0-1000 method, 0.902 ± 0.0663 (95% confidence interval: 0.767 - 1.04) with 

500-1000 method, and 0.867 ± 0.0832 (95% confidence interval: 0.698 - 1.04) with 

WLR fit. No significant difference was observed among the AUCs of all three methods 

(P > 0.05). Tables 3-5 show statistical data for predicting malignancy in each method. 

The highest overall accuracies of 83.3%, 86.1%, and 88.9% were obtained when ADC 

values of 1.24 × 10-3 mm2/sec with 0-1000 method, 0.98 × 10-3 mm2/sec with 500-1000 
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method, and 1.23 × 10-3 mm2/sec with WLR fit, respectively, were used for the 

threshold. Representative cases are shown in Figs. 3-7. 
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Discussion 

In this study, we used HASTE DWI, a fast spin-echo DWI technique. Several 

studies on the application of this technique to other regions such as the brain, spinal 

cord, and breast reported that the usefulness of this technique was limited and inferior to 

that of EPI5,24,25. Kito et al.13, however, reported that many kinds of tissues in the oral 

and maxillofacial regions were relatively well visualized in all subjects on FASE DWI 

(HASTE DWI), but not well on EPI. They concluded that FASE DWI might be useful 

in the detection of abscess formation in the oral and maxillofacial regions. Other studies 

have investigated the usefulness of split acquisition of fast spin-echo signals for 

diffusion-weighted imaging (SPLICE), a modified HASTE technique, in the evaluation 

of head and neck lesions11,12. Yoshino et al.11 reported that DW images and ADC maps 

of the salivary gland had higher quality with SPLICE rather than with EPI. In this study, 

reliable HASTE DW images and ADC values were obtained, even when the lesion was 

relatively small, as shown in Figs. 3 and 5. In addition, the HASTE DW images showed 

little susceptibility to artifact due to dental restorations, as shown in Fig. 7. This 

technique utilizes refocusing radio frequency pulses instead of gradient rephrasing, 
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which is utilized for EPI and results in magnetic susceptibility distortions6,11,13. Thus, 

HASTE DW images have less affect of susceptibility artifacts than EPI. Especially, in 

the head and neck, susceptibility distortions tend to occur because of the presence of 

numerous dental restorations and anatomical air spaces existing there. This advantage 

might contribute much to obtaining the reliable HASTE DW images and ADC values. 

Furthermore, high image resolution might also contribute to the depiction of the 

relatively small lesions on the HASTE DW images because a number of small organs 

are tightly packed together within the head and neck, and mass lesions occurring in this 

area tend to be small. These results agree with these earlier studies, indicating that 

HASTE DWI is useful in the evaluation of head and neck lesions. 

Many earlier studies employing ADC measurement have used the linear 

regression model and various sets of gradient b factors6-16,18,19. This model was also 

applied in this study, and three sets of gradient b factors (0 and 1000 sec/mm2, 500 and 

1000 sec/mm2, and all b factors for WLR fit) were compared. The mean ADC value of 

the cysts was the highest, followed by that of benign tumors and that of malignant 

tumors, regardless of the measurement method used. These results are compatible with 
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those of previous studies7-9,11-13,19. The mobility of water molecules in fluid is freer than 

that in solid biological tissues, and the ADC values of cysts are higher than those of 

benign or malignant tumors8,9,12. On the other hand, the histopathological characteristics 

of malignant tumors such as enlarged nuclei, hyper-chromatism, and hypercellularity, 

reduce the extracellular matrix and the diffusion space of water molecules7-9,11-13,15,16,18. 

As a result, the ADC values of benign tumors are higher than those of malignant tumors. 

However, one dermoid cyst showed markedly low ADC values of 0.908 × 10-3 mm2/sec 

with 0-1000 method, 0.990 × 10-3 mm2/sec with 500-1000 method, and 0.880 × 10-3 

mm2/sec with WLR fit in this study. It was confirmed histopathologically that this 

dermoid cyst contained keratinous debris and had a very thick wall. Higher protein 

content in a fluid might increase viscosity and decrease the mobility of water 

molecules8,12. In addition, a thick wall might contribute to a decrease in ADC values. It 

was also observed that the mean ADC value with 500-1000 method was slightly lower 

than those with the remaining methods in all categories. This may have been due to a 

reduction in the contribution of tissue perfusion such as microcirculation of the blood in 

the capillary network in tissues with a high gradient b factor of 500 or 1000 sec/mm2 8,9.  
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In this study, high overall accuracies were obtained for predicting malignancy 

and no significant difference was observed among diagnostic abilities of all three 

methods. This indicates that HASTE DWI of head and neck lesions is useful in 

predicting malignancy with a linear regression model, regardless of the set of gradient b 

factors. Wang et al.9 used EPI in the evaluation of the head and neck lesions and 

reported that when an ADC value of 1.22 × 10-3 mm2/s or less was used for predicting 

malignancy, the accuracy was 86%, with 84% sensitivity, and 91% specificity. Razek et 

al.19 also used EPI in the evaluation of the pediatric head and neck masses and obtained 

the accuracy of 92.8% for differentiating malignant from benign head and neck mass. 

The accuracies of this study were equivalent to or slightly less than these earlier studies. 

On the other hand, Sakamoto et al.12 reported that ADC values with SPLICE 

contributed little in predicting malignancy. Although this discrepancy with the current 

results may have been due to differences in the case series, we believe that optimization 

of imaging parameters was probably responsible for the favorable outcome observed in 

the present study. In our MR system, more specific imaging parameters such as RBW 

and echo space are adjustable, and to improve HASTE DWI for head and neck lesions, 
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a wider RBW, shorter echo space, and relatively lower matrix than other conventional 

MRI are used. Among the three methods used in the current study, we believe that 

0-1000 or 500-1000 method would be the most appropriate in clinical practice, as they 

are concise procedures involving a shorter scan time than WLR fit. 

There were several limitations to this study, the first being that the sample 

was relatively small. Moreover, several types of cyst and tumor can occur in the head 

and neck region. Therefore, further study is necessary to validate these results. Secondly, 

HASTE DW MR imaging has a number of drawbacks such as severe blurring and a low 

signal-to-noise ratio (SNR). As mentioned above, however, severe blurring was 

decreased by optimizing the imaging parameters. A low SNR, however, could not be 

avoided altogether. Therefore, the depiction of the lesions was not clear in some cases. 

This indicates the need to improve the low SNR by some means, perhaps by increasing 

NSA.   

 In conclusion, pathological tissues were characterized effectively by ADC 

with HASTE DWI. High overall accuracies were obtained for predicting malignancy 

when suitable ADC values were used for the threshold. These results indicate that ADC 
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measurement with HASTE DWI is useful in predicting malignancy of head and neck 

lesions. 
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Legends. 

Fig. 1.  

Box plots of ADC values with 0-1000 method (light gray boxes), 500-1000 method 

(gray boxes), and weighted linear regression (WLR) fit (white boxes) among three 

categories. Highest mean ADC value was that for cysts, followed by that for benign and 

malignant tumors with each method.  

 

Fig. 2.  

ROC curves of diagnostic ability for predicting malignancy among three methods for 

ADC measurement. Solid line indicates ROC curve with 0-1000 method; dashed line 

indicates that with 500-1000 method; dotted line indicates that with WLR fit.  

 

Fig. 3. 

Ranula in left sublingual space in 20-year-old woman. (a)-(b) Axial and coronal 

T2-weighted images revealed mass lesion with homogeneous, very high signal 

intensity. (c) HASTE DW image obtained with gradient b factor of 0 sec/mm2 revealed 
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mass lesion with very high signal intensity. (d)-(e) HASTE DW images obtained with 

gradient b factors of 500 and 1000 sec/mm2 showed marked decrease in signal intensity 

of mass lesion. (f) ADC map shows that mass lesion had high ADC value of 2.09 × 10-3 

mm2/sec with 0-1000 method, 1.73 × 10-3 mm2/sec with 500-1000 method, and 2.13 × 

10-3 mm2/sec with WLR fit. This case was correctly diagnosed as a non-malignancy 

using threshold ADC values with each method. 

 

Fig. 4. 

Myoepithelioma in right palate in 50-year-old woman. (a) Axial T2-weighted image 

revealed mass lesion (arrowhead) with heterogeneous, very high signal intensity. (b) 

Axial post-contrast T1-weighted image showed mass lesion was enhanced strongly. 

(c) HASTE DW image obtained with gradient b factor of 0 sec/mm2 revealed mass 

lesion (arrowhead) with very high signal intensity. (d)-(e) HASTE DW images 

obtained with gradient b factors of 500 and 1000 sec/mm2 showed mild decrease in 

signal intensity of mass lesion. (f) ADC map shows that mass lesion had an ADC value 

of 1.54 × 10-3 mm2/sec with 0-1000 method, 1.38 × 10-3 mm2/sec with 500-1000 method, 
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and 1.67 × 10-3 mm2/sec with WLR fit. Whereas it is a little difficult to diagnose a mass 

lesion as a benign tumor using only conventional MR images, ADC values with 

HASTE DWI were very helpful in differentiating non-malignancy from malignancy in 

this case. This case was correctly diagnosed as a non-malignancy using threshold ADC 

values with each method. 

 

Fig. 5. 

Cavernous hemangioma in right buccal space in 58-year-old woman. (a) Axial 

T2-weighted image revealed relatively small mass lesion with homogenous, very high 

signal intensity. (b) Axial post-contrast T1-weighted image showed mass lesion was 

enhanced strongly. (c) HASTE DW image obtained with gradient b factor of 0 sec/mm2 

revealed mass lesion with very high signal intensity. (d)-(e) HASTE DW images 

obtained with gradient b factors of 500 and 1000 sec/mm2 showed mild decrease in 

signal intensity of mass lesion. (f) ADC map shows that mass lesion had an ADC value 

of 1.46 × 10-3 mm2/sec with 0-1000 method, 1.10 × 10-3 mm2/sec with 500-1000 method, 

and 1.45 × 10-3 mm2/sec with WLR fit. This case was also correctly diagnosed as a 
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non-malignancy using threshold ADC values with each method. 

 

Fig. 6. 

Malignant lymphoma in palate of 72-year-old woman. (a) Axial T1-weighted image 

revealed mass lesion with homogeneous, low signal intensity. (b) Axial T2-weighted 

image revealed mass lesion with homogeneous, slightly high signal intensity. (c) 

HASTE DW image obtained with gradient b factor of 0 sec/mm2 revealed mass lesion 

with slightly high signal intensity. (d)-(e) HASTE DW images obtained with gradient b 

factors of 500 and 1000 sec/mm2 showed slight decrease in signal intensity of mass 

lesion. (f) ADC map shows that mass lesion had relatively lower ADC value of 0.61 × 

10-3 mm2/sec with 0-1000 method, 0.49× 10-3 mm2/sec with 500-1000 method, and 0.59 

× 10-3 mm2/sec with WLR fit. This case was correctly diagnosed as a malignancy using 

threshold ADC values with each method. 

 

Fig. 7. 

Squamous cell carcinoma in right tongue of 46-year-old woman. (a) Axial T2-weighted 
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image revealed mass lesion with high signal intensity. Susceptibility artifacts due to 

dental restorations (arrowheads) are shown on images. (b) Axial post-contrast 

T1-weighted image showed mass lesion was enhanced. Susceptibility artifacts due to 

dental restorations (arrowheads) are also shown on images. (c) HASTE DW image 

obtained with gradient b factors of 0 sec/mm2 revealed mass lesion with slightly high 

signal intensity. Although susceptibility artifacts due to dental restorations were present 

on this image, as well as on T2-weighted and post-contrast T1-weighted images, no 

distortion severe enough to hamper ADC measurement was observed. (d)-(e) HASTE 

DW images obtained with gradient b factors of 500 and 1000 sec/mm2 showed slight 

decrease in signal intensity of mass lesion. (f) ADC map shows that mass lesion had low 

ADC value of 1.00 × 10-3 mm2/sec with 0-1000 method, 0.69× 10-3 mm2/sec with 

500-1000 method, and 0.96 × 10-3 mm2/sec with WLR fit. This case was also correctly 

diagnosed as a malignancy using threshold ADC values with each method.  



 
Table 1.   Diagnosis and location of 46 head and neck lesions      
Category Diagnosis   Location 

Cyst  (n = 10) Dermoid cyst (n = 1) Oral cavity 
    Ranula (n = 7) Submadibular and/or sublingual space 
    Retention cyst (n = 2) Maxillary sinus 
Benign tumor (n = 14) Ancient shwannoma (n = 1) Palate 
    Intraductal papilloma (n = 1) Palate 
    Myoepithelioma (n = 1) Palate 

    
 
Pleomorphic adenoma (n = 3) 
 

Palate 
Upper lip 
Submandibular gland 

    

Vascular malformation (n = 8) 
 
 
 
 

Oral cavity (n = 2) 
Buccal space (n = 2) 
Lower lip 
Submandibular space (n = 2) 
Parotid gland 

Malignant tumor (n = 22) Carcinoma ex pleomorphic adenoma (n = 1) Palate    
    Malignant lymphoma (n = 1) Palate    
    Squamous cell carcinoma (n = 19) Oral cavity    
        Verrucous carcinoma (n = 1) Oral cavity       
Data in parentheses are the number of cases 
 



 
 
 
 
 
 
    

Table 2.   Mean ADC values of the head and neck Lesions 

Categories 0-1000 method* 500-1000 method* WLR fit* 

Cysts 2.21 ± 0.52 1.87 ± 0.39 2.21 ±0.53 

Benign tumors 1.39 ± 0.33 1.11 ± 0.27 1.40 ± 0.39 

Malignant tumors 1.02 ± 0.02 0.65 ± 0.23 0.99 ± 0.22 

A one-way ANOVA and Tukey-Kramer test were used to detect significant differences among the mean ADC values for 
the three categories in each method. 
ADC values are expressed as the (mean ± SD) ×10-3 mm2/sec.  
* One-way ANOVA: P < 0.05; Tukey-Kramer test: P < 0.05 

 
 
 
 



 
 
 
 
 
 
 
Table 3.    Statistical data for the predicting malignancy with 0-1000 method  

Threshold value of ADC (×10-3 mm2/sec) Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) 

≦1.22 81.8 (18/22)  78.6 (11/14) 80.6 (29/36) 85.7 (18/21) 73.3 (11/15) 
≦1.23 81.8 (18/22) 78.6 (11/14) 80.6 (29/36) 85.7 (18/21) 73.3 (11/15) 
≦1.24 86.4 (19/22) 78.6 (11/14) 83.3 (30/36) 86.4 (19/22) 78.6 (11/14) 
≦1.25 86.4 (19/22) 78.6 (11/14) 83.3 (30/36) 86.4 (19/22) 78.6 (11/14) 
≦1.26 86.4 (19/22) 78.6 (11/14) 83.3 (30/36) 86.4 (19/22) 78.6 (11/14) 

Data in parentheses are the number of cases used to calculate the percentages. 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
Table 4.    Statistical data for the predicting malignancy with 500-1000 method  

Threshold value of ADC (×10-3 mm2/sec) Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) 

≦0.96 90.9 (20/22) 78.6 (11/14) 86.1 (31/36) 87.0 (20/23) 84.6 (11/13) 
≦0.97 90.9 (20/22) 71.4 (10/14) 83.3 (30/36) 83.3 (20/24) 83.3 (10/12) 
≦0.98 95.5 (21/22) 71.4 (10/14) 86.1 (31/36) 84.0 (21/25) 90.9 (10/11) 
≦0.99 95.5 (21/22) 64.3 (9/14) 83.3 (30/36) 80.8 (21/26) 90.0 (9/10) 
≦1.00 95.5 (21/22) 64.3 (9/14) 83.3 (30/36) 80.8 (21/26) 90.0 (9/10) 

Data in parentheses are the number of cases used to calculate the percentages. 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
Table 5.    Statistical data for the predicting malignancy with WLR fit 

Threshold value of ADC (×10-3 mm2/sec) Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) 

≦1.21 86.4 (19/22)  85.7 (12/14) 86.1 (31/36) 90.5 (19/21) 80.0 (12/15) 
≦1.22 90.9 (20/22) 85.7 (12/14) 88.9 (32/36) 90.9 (20/22) 85.7 (12/14) 
≦1.23 90.9 (20/22) 85.7 (12/14) 88.9 (32/36) 90.9 (20/22) 85.7 (12/14) 
≦1.24 90.9 (20/22) 85.7 (12/14) 88.9 (32/36) 90.9 (20/22) 85.7 (12/14) 
≦1.25 90.9 (20/22) 78.6 (11/14) 86.1 (31/36) 87.0 (20/23) 84.6 (11/13) 

Data in parentheses are the number of cases used to calculate the percentages. 
 



Fig. 1. 
Box plots of ADC values with 0-1000 method (light gray boxes), 500-
1000 method (gray boxes), and weighted linear regression (WLR) fit 
(white boxes) among three categories. Highest mean ADC value was that 
for cysts, followed by that for benign and malignant tumors with each 
method. 

Fig. 2. 
ROC curves of diagnostic ability for predicting malignancy among three 
methods for ADC measurement. Solid line indicates ROC curve with 0-
1000 method; dashed line indicates that with 500-1000 method; dotted 
line indicates that with WLR fit. 



Fig. 3.
Ranula in left sublingual space in 20-year-old woman. (a)-(b) Transverse 
and coronal T2-weighted images with Dual-FS-STIR-CHESS revealed 
mass lesion with homogeneous, very high signal intensity. (c) HASTE 
DW MR image obtained with gradient b factor of 0 sec/mm2 revealed 
mass lesion with very high signal intensity. (d)-(e) HASTE DW MR 
images obtained with gradient b factors of 500 and 1000 sec/mm2 showed 
marked decrease in signal intensity of mass lesion. (f) ADC map shows 
that mass lesion had high ADC value of 2.09 × 10-3 mm2/sec with 0-1000 
method, 1.73 × 10-3 mm2/sec with 500-1000 method, and 2.13 × 10-3

mm2/sec with WLR fit. This case was correctly diagnosed as a non-
malignancy using threshold ADC values with each method.



Fig. 4.
Myoepithelioma in right palate in 50-year-old woman. (a) Transverse T2-
weighted image with Dual-FS-STIR-CHESS revealed mass lesion 
(arrowhead) with heterogeneous, very high signal intensity. (b) Transverse 
post-contrast T1-weighted image with fat suppression by CHESS showed 
mass lesion was enhanced strongly. (c) HASTE DW MR image obtained 
with gradient b factor of 0 sec/mm2 revealed mass lesion (arrowhead) 
with very high signal intensity. (d)-(e) HASTE DW MR images obtained 
with gradient b factors of 500 and 1000 sec/mm2 showed mild decrease in 
signal intensity of mass lesion. (f) ADC map shows that mass lesion had 
an ADC value of 1.54 × 10-3 mm2/sec with 0-1000 method, 1.38 × 10-3

mm2/sec with 500-1000 method, and 1.67 × 10-3 mm2/sec with WLR fit. 
Whereas it is a little difficult to diagnose a mass lesion as a benign tumor 
using only conventional MR images, ADC values with HASTE DW 
imaging were very helpful in differentiating non-malignancy from 
malignancy in this case. This case was correctly diagnosed as a non-
malignancy using threshold ADC values with each method.



Fig. 5.
Cavernous hemangioma in right buccal space in 58-year-old woman. (a) 
Transverse T2-weighted image with Dual-FS-STIR-CHESS revealed 
relatively small mass lesion with homogenous, very high signal intensity. 
(b) Transverse post-contrast T1-weighted image with fat suppression by 
CHESS showed mass lesion was enhanced strongly. (c) HASTE DW MR 
image obtained with gradient b factor of 0 sec/mm2 revealed mass lesion 
with very high signal intensity. (d)-(e) HASTE DW MR images obtained 
with gradient b factors of 500 and 1000 sec/mm2 showed mild decrease in 
signal intensity of mass lesion. (f) ADC map shows that mass lesion had 
an ADC value of 1.46 × 10-3 mm2/sec with 0-1000 method, 1.10 × 10-3

mm2/sec with 500-1000 method, and 1.45 × 10-3 mm2/sec with WLR fit. 
This case was also correctly diagnosed as a non-malignancy using 
threshold ADC values with each method.



Fig. 6.
Malignant lymphoma in palate of 72-year-old woman. (a) Transverse T1-
weighted image revealed mass lesion with homogeneous, low signal 
intensity. (b) Transverse T2-weighted image with Dual-FS-STIR-CHESS 
revealed mass lesion with homogeneous, slightly high signal intensity. (c) 
HASTE DW MR image obtained with gradient b factor of 0 sec/mm2

revealed mass lesion with slightly high signal intensity. (d)-(e) HASTE 
DW MR images obtained with gradient b factors of 500 and 1000 
sec/mm2 showed slight decrease in signal intensity of mass lesion. (f) 
ADC map shows that mass lesion had relatively lower ADC value of 0.61 
× 10-3 mm2/sec with 0-1000 method, 0.49× 10-3 mm2/sec with 500-1000 
method, and 0.59 × 10-3 mm2/sec with WLR fit. This case was correctly 
diagnosed as a malignancy using threshold ADC values with each method.



Fig. 7.
Squamous cell carcinoma in right tongue of 46-year-old woman. (a) 
Transverse T2-weighted image with Dual-FS-STIR-CHESS revealed mass 
lesion with high signal intensity. Susceptibility artifacts due to dental 
restorations (arrowheads) are shown on images. (b) Transverse post-
contrast T1-weighted image with fat suppression by CHESS showed mass 
lesion was enhanced. Susceptibility artifacts due to dental restorations 
(arrowheads) are also shown on images. (c) HASTE DW MR image 
obtained with gradient b factors of 0 sec/mm2 revealed mass lesion with 
slightly high signal intensity. Although susceptibility artifacts due to 
dental restorations were present on this image, as well as on T2-weighted 
images with Dual-FS-STIR-CHESS and post-contrast T1-weighted 
images with fat suppression by CHESS, no distortion severe enough to 
hamper ADC measurement was observed. (d)-(e) HASTE DW MR 
images obtained with gradient b factors of 500 and 1000 sec/mm2 showed 
slight decrease in signal intensity of mass lesion. (f) ADC map shows that 
mass lesion had low ADC value of 1.00 × 10-3 mm2/sec with 0-1000 
method, 0.69× 10-3 mm2/sec with 500-1000 method, and 0.96 × 10-3

mm2/sec with WLR fit. This case was also correctly diagnosed as a 
malignancy using threshold ADC values with each method. 
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