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Abstract

Background: Diffusion-weighted magnetic resonance imaging (DWI) has been introduced in head and neck cancers. Due to
limitations in the performance of laryngeal DWI, including the complex anatomical structure of the larynx leading to
susceptibility effects, the value of DWI in differentiating benign from malignant laryngeal lesions has largely been ignored.
We assessed whether a threshold for the apparent diffusion coefficient (ADC) was useful in differentiating preoperative
laryngeal carcinomas from precursor lesions by turbo spin-echo (TSE) DWI and 3.0-T magnetic resonance.

Methods: We evaluated DWI and the ADC value in 33 pathologically proven laryngeal carcinomas and 17 precancerous
lesions.

Results: The sensitivity, specificity, and accuracy were 81.8%, 64.7%, 76.0% by laryngostroboscopy, respectively. The
sensitivity, specificity, and accuracy of conventional magnetic resonance imaging were 90.9%, 76.5%, 86.0%, respectively.
Qualitative DWI analysis produced sensitivity, specificity, and accuracy values of 100.0, 88.2, and 96.0%, respectively. The
ADC values were lower for patients with laryngeal carcinoma (mean 1.19560.3261023 mm2/s) versus those with laryngeal
precancerous lesions (mean 1.78060.3261023 mm2/s; P,0.001). ROC analysis showed that the area under the curve was
0.956 and the optimum threshold for the ADC was 1.45561023 mm2/s, resulting in a sensitivity of 94.1%, a specificity of
90.9%, and an accuracy of 92.9%.

Conclusions: Despite some limitations, including the small number of laryngeal carcinomas included, DWI may detect
changes in tumor size and shape before they are visible by laryngostroboscopy. The ADC values were lower for patients
with laryngeal carcinoma than for those with laryngeal precancerous lesions. The proposed cutoff for the ADC may help
distinguish laryngeal carcinomas from laryngeal precancerous lesions.
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Introduction

Laryngeal squamous cell carcinoma (SCC) is one of the most

common head and neck cancers, typically developing from

precancerous lesions [1]. A precise preoperative diagnosis and

assessment of T stage are important for making a prognosis in

laryngeal carcinoma. Techniques such as contact laryngoscopy

and fluorescence endoscopy can provide useful diagnostic infor-

mation to differentiate laryngeal carcinomas from precancerous

lesions and benign lesions[2–4]. However, these methods can only

provide an accurate assessment of the surface extent of the tumor

and are always performed under general anesthesia [2,4].

Although magnetic resonance imaging (MRI) has been used to

stage laryngeal carcinomas[5–6], studies have shown that differ-

entiating laryngeal carcinomas from precancerous lesions and

benign tumors is often difficult[7–8].

Recently, diffusion-weighted MRI (DWI) was introduced in

head and neck cancers for differential diagnosis9–16, monitoring of

the treatment response [9,17], the differentiation of recurrence,

and post-therapeutic changes after radiotherapy [9]. DWI uses the

movement of water molecules to produce images that indirectly

reflect information regarding cell density and microstructures in

living tissues [18].These changes can be estimated and quantified

in terms of the apparent diffusion coefficient (ADC) [18,19]. DWI

can detect changes in tumor size and shape before they are visible

to the naked eye [18].

However, because there are limitations in the performance of

laryngeal DWI, including the complex anatomical structure of the

larynx causing susceptibility effects, the value of DWI in

differentiating benign from malignant laryngeal lesions has only

been investigated in a few studies[20–23]. Most of these studies
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reported some value in detecting recurrent tumors after radio-

therapy/chemotherapy [20,22,23]. Today, these limitations have

gradually been overcome due to steady improvements in MRI

[15,19,20], driven by the wide variety of potential applications

[19]. In head and neck cancers, previous studies confirmed a

significant difference in the ADC between benign and malignant

lesions by 3.0-T [15]and 1.5-T [24] MR.

An echo-planar sequence is the traditional choice for DWI, and

it readily yield images with a low signal-to-noise ratio and strong

susceptibility artifacts and distortion[19,25–27]. A turbo spin-echo

(TSE)-based DW sequence does not suffer from susceptibility

artifacts[19,25–27]. At our hospital, TSE DWI and linear

regression with gradient b-values of 0 and 1,000 s/mm2 for

ADC measurement are used.

To our knowledge, there is no previous report of using ADC

measurements for laryngeal lesions with TSE DWI with 3.0-T MR

to differentiate malignant from benign lesions. Thus, the purpose

of the present study was to determine whether a threshold ADC

value may help differentiate laryngeal carcinomas from precursor

lesions by TSE DWI with 3.0-T MR, and to make a comparison

with laryngostroboscopic findings.

Materials and Methods

1. Approval
The institutional review board of The First Affiliated Hospital,

College of Medicine, Zhejiang University (Hangzhou, China),

approved the present study. Written informed consent was

obtained from each patient before inclusion.

2. Patients
From November 2010 to November 2012, patients with

laryngeal lesions who underwent preoperative laryngostroboscopy

(Endo-stroboscope L, Atomos, Germany) and MRI were consid-

ered for inclusion in the study. The entry criteria were: (1) the

patients were suspected of having precancerous or cancerous

lesions of the larynx by laryngostroboscopy, (2) the patients had

undergone 3.0-T MR (including DWI, b = 0 or 1,000 s/mm2)

before treatment, and (3) the patients underwent surgery and their

diagnoses were confirmed by pathology (including frozen sections

and routine pathological results).

Consequently, we included 56 patients (48 males and 8 females).

Six were excluded due to susceptibility artifacts (due to linear

blurring, geometric distortion, or imaging distortion) that com-

promised image quality. In the remaining 50 patients, the

pathological results showed 33 laryngeal carcinomas (Table 1)

and 17 precancerous lesions.

3. MRI
MRI was performed on a 3.0-T MR unit (Achieva 3.0T; Philips

Medical Systems, Best, The Netherlands) using a SENSE

Neurovascular 16 coil. Conventional MRI included an axial T1-

weighted TSE sequence with the following parameters: slice

thickness, 4 mm; 24 slices; intersection gap, 1 mm; repetition

time/echo time (TR/TE), 450 ms/10 ms; matrix, 3206224; field

of view (FOV), 2406180 mm; and an axial T2-weighted TSE

sequence (slice thickness, 4 mm; 24 slices; intersection gap, 1 mm;

TR/TE, 4,000 ms/100 ms; matrix, 3206224; FOV,

2406180 mm). The coronal T2-weighted TSE sequence included

the following parameters: slice thickness, 4 mm; 24 slices;

intersection gap, 1 mm; TR/TE, 4,000 ms/100 ms; matrix

3206224; FOV, 2406240 mm; and two signals acquired,

covering the larynx. After gadolinium injection, T1-weighted fat-

saturated sequences were performed in the axial plane (using

identical parameters to precontrast medium administration) and in

the coronal plane (24 slices; slice thickness, 4 mm; intersection

gap, 1 mm; TR/TE, 540 ms/9.2 ms; matrix, 3206224; FOV,

2406220 mm; and two signals acquired, fat suppression).

DWI with TSE techniques was performed at the same section

position as the axial and T1-weighted images. The parameters

were as follows: TR/TE = 8,000 ms/60 ms; FOV 2406240 cm;

matrix, 1246124; 24 slices; slice thickness, 4 mm; and b = 0 or

1,000 s/mm2). ADC maps were generated with Extended MR

Workspace (EWS). A short-tau inversion recovery (STIR)

sequence was used for fat suppression in the diffusion-weighted

sequence.

4. Analysis of the MR Images
The imaging data were reviewed by two radiologists with no

knowledge of the primary lesion; they reached a consensus opinion

before reviewing the pathology results. The lesion contour, size,

and internal architecture were documented. An ADC map was

generated by DWI with EWS, and the ADC value was measured.

All laryngeal lesions were characterized based on the signal

intensity on T1- and T2-weighted MR images and enhancement

characteristics. Tumor-volume measurements were performed by

one reviewer (DS Shang) on contrast-enhanced axial T1-weighted

images using a computerized image-analysis tool that is available

as part of the PACS at our hospital. DW-MRI at a native b value

of 1,000 s/mm2 (b-1,000 images) and the corresponding ADC

maps were matched to and evaluated with the morphological

images as previously described [20]. A hyperintense signal on the

native b-1,000 image compared with the surrounding tissue with

corresponding low signal intensity in the matching ADC map was

considered positive for a tumor. A high signal intensity on b-1,000

images with a corresponding high signal on the matching ADC

map was considered to represent T2 shine-through and, therefore,

the absence of a tumor. The absence of hyperintensity on the b-

1,000 image was also considered negative for a tumor. The region

of interest (ROI) was placed by a single radiologist (DS Shang)

with 15 years of experience in the interpretation of body MR

images to avoid interobserver bias. ROIs were placed within the

solid part of the tumor. The ROI was placed on the native DWI

using T1-weighted, T2-weighted, or contrast-enhanced T1-

weighted images as reference images. If a lesion was superficial

and small, the ADCs of both vocal cords were delineated. ROIs

were not positioned in the cystic or necrotic portion identified on

the T2-weighted images and the contrast enhanced T1-weighted

images because this might influence the quantitative data. The

mean6standard deviation (SD) of the ADC values for the

laryngeal lesions was calculated.

5. Statistical Analyses
Statistical analyses were performed using SPSS software (ver.

19.0 for Windows; SPSS Inc., Chicago, IL, USA). P-values ,0.05

were considered to indicate statistical significance. Differences in

size and the ADCs of the laryngeal lesions between patients with

malignant and precancerous lesions were tested with an indepen-

dent samples t-test.

Receiver-operating-characteristic (ROC) curve analysis was

used to investigate the discriminatory capability of the ADCs in

differentiating laryngeal carcinomas from laryngeal precancerous

lesions. The area under the ROC curve was calculated. The ADC

value that corresponded to the highest Yoden index (sensitivity+-
specificity - 1) was chosen as the optimal ADC threshold value

because it optimized both the sensitivity and specificity. We

measured the interrater agreement using intraclass correlation

coefficients (ICC). ICC values ranged between 0 and 1, with

Value of DWI in Differentiating Laryngeal Lesions
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higher ICC values indicating stronger agreement. ICCs were

classified according to a previously described method [26]. ICCs

.0.80 are reliable for basic research, and ICCs .0.90 are

necessary for essential assessments of individuals in the clinic [26].

Results

1. Clinical Characteristics of the Patients
The mean age of the patients with laryngeal precancerous

lesions was 63.7 years (49–80 years). The symptoms included

hoarseness and pharyngalgia. All 33 laryngeal carcinomas were

SCCs. Twenty-four (72.7%) and nine (27.3%) patients had tumors

located in the glottis and supraglotti, respectively. There were no

patients with tumors in the subglottis. According to the

International Union Against Cancer TNM classification system

(2007, 7th edition), 18 (54.5%) patients were stage T1N0M0, 11

(33.3%) were stage T2N0M0, 1 (3.0%) was stage T1N1M0, 1 (3.0%)

was stage T1N2M0, and 2 (6.1%) were stage T2N2M0. Among the

17 precancerous lesions, there were 7 cases of moderate dysplasia

and 9 of severe dysplasia and carcinoma in situ.

2. Laryngostroboscopy in Discriminating Laryngeal
Lesions

Of 33 laryngeal carcinoma patients, 27 were diagnosed by

laryngostroboscopy. Of 17 laryngeal precancerous patients, 6 were

diagnosed with laryngeal carcinomas by laryngostroboscopy. The

sensitivity, specificity, and accuracy were 81.8%, 64.7%, 76.0%

respectively.

Conventional MR images and DWI of laryngeal

lesions. Conventional MR images showed that 30 of 33

pathologically proven laryngeal carcinomas were diagnosed as

laryngeal carcinomas, and 13 of 17 pathologically proven

laryngeal precancerous lesions were diagnosed as precancerous

lesions. The sensitivity, specificity, and accuracy were 90.9%,

76.5%, and 86.0%, respectively.

Using qualitative DWI analysis, we could discriminate all

laryngeal carcinomas from precancerous lesions, but DWI did not

show two patients with precancerous lesions, resulting in two false-

positive results. The sensitivity, specificity, and accuracy were

100.0, 88.2, and 96.0%, respectively. There was no significant

difference between the sensitivity, specificity, and accuracy of

Figure 1. A patient with pathologically proven T1bN0M0 laryngeal carcinoma. A: A lesion was only found in the right vocal cord, and
another lesion in the left vocal cord was not found by laryngostroboscopy. B: Transverse T2-weighted MRI showed a tumor in the right vocal cord. C:
DWI suggested lesions were in the bilateral vocal cords (b = 1000 s/mm2). D: Consequently, the corresponding ADC map revealed hypointense lesions
in the bilateral cord (ADC = 1.0561023 mm2/s in the left vocal cord, ADC = 0.9061023 mm2/s in the right vocal cord).
doi:10.1371/journal.pone.0068622.g001
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laryngoscopy and DWI (P.0.05). A lesion was only found in the

right vocal cord, and another lesion in the left vocal cord was not

found by laryngostroboscopy. DWI accurately suggested lesions

were in the bilateral vocal cords with pathologically proven

T1bN0M0 (Fig. 1). A patient with pathologically proven laryngeal

mild dysplasia was suspected of having laryngeal carcinoma in the

left vocal cord by laryngostroboscopy, and DWI accurately

suggested the lesion was benign (Fig. 2).

3. Diagnostic Ability of ADC Values at b = 1,000 s/mm2 in
Laryngeal Lesions

For interobserver agreements of ADC values in lesions on

laryngeal carcinomas and precancerous lesions, ICCs of 0.90 and

0.92 respectively. The ADC values were lower for patients with

laryngeal carcinoma (mean 1.19560.3261023 mm2/s) compared

with those with laryngeal precancerous lesions (mean

1.78060.3261023 mm2/s; P,0.001) (Fig. 3,4). ROC analysis

showed that the area under the curve was 0.956 while the optimal

threshold for the ADC was 1.45561023 mm2/s, resulting in a

sensitivity of 94.1%, a specificity of 90.9%, and an accuracy of

92.9% (Fig. 5).

Discussion

The structure of the larynx is complex, with many different

tissues, including mucosa, cartilage (ossified or non-ossified),

muscle, fat, and air in close proximity, and various physiological

movements, including swallowing, breathing, speaking, and

impulses arising from major blood vessels. These issues result in

distortion and failed fat suppression artifacts that can cause non-

diagnostic images. Because of these limitations, there was been

little use of DWI in the head and neck. To date, there have been

few reports about DWI in laryngeal lesions[20–23]. Most have

reported value in detecting recurrent tumors after radiotherapy/

chemotherapy [20,22,23]. The use of DWI to discriminate

malignant from benign lesions in the head and neck has been

investigated in a limited number of studies; however, there is no

previous report about the preoperative discrimination of laryngeal

carcinomas from precancerous lesions.

These limitations have gradually been overcome with steady

improvements in MRI techniques [15,19,20] driven by a wide

variety of potential applications [19]. DWI of the head and neck

has commonly been done with a 1.5-T scanner. The signal gain at

3.0 T improves imaging of the head and neck with respect to

Figure 2. A patient with a pathologically proven laryngeal precancerous lesion. A: A lesion in the left vocal cord was suspected to be
laryngeal carcinoma by laryngostroboscopy. B: DWI suggested hyperintense lesions in the left vocal cords (b = 1000 s/mm2). C: The corresponding
ADC map also revealed hyperintense lesions in the left cord (ADC = 2.0161023 mm2/s). These findings suggest that the lesion in the left vocal cord
may be benign.
doi:10.1371/journal.pone.0068622.g002
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spatial resolution and acquisition time. In this preliminary study,

we found that conventional MRI may distinguish laryngeal

carcinomas and precancerous lesions with 3.0-T MR. Adding

qualitative DWI analysis, we could discriminate all laryngeal

carcinomas from precancerous lesions. The sensitivity, specificity,

and accuracy were 100.0, 88.2, and 96.0%, respectively. Although

the diagnosis was not improved statistically compared with

laryngostroboscopy, DWI may detect changes in tumor size and

shape before they are visible to the naked eye. Laryngostroboscopy

has an advantage in judging motion in the larynx, but it does not

detect changes under the mucosa or the multifocal nature of

tumors. In the present study, a lesion was found in the right vocal

cord and another lesion in the left vocal cord in a patient with

pathologically proven T1bN0M0 by laryngostroboscopy. DWI

accurately suggested that the lesions were in bilateral vocal cords.

Accurate preoperative diagnoses and T staging may help direct the

most appropriate management.

Several studies have already shown the benefit of DWI in

distinguishing malignant and benign tumors in the head and neck

[9,10,15,28–30]. These abilities are always aided by b-values and

quantitative ADC values. The ADC value varies strongly with the

underlying b-values chosen. In theory, hypercellular tumor tissue

leads to impeded diffusion and, subsequently, a lower ADC value

[9]. Thus, malignant tumors usually show lower ADC values than

benign tumors [10]. This was supported by Eida et al. [28], who

reported that the ADC was significantly greater in benign salivary

tumors than in malignant salivary tumors preoperatively. They

also found that the ADCs (using b-values of 500 and 1,000 s/mm2)

of sinonasal malignant tumors were significantly lower than those

of benign tumors [29]. Srinivasan et al. [15] reported that there

Figure 3. A patient with pathologically proven laryngeal carcinoma in the left vocal cord and mild dysplasia in the right vocal cord.
A: Laryngostroboscopy showed a 5 66-mm mass in the left vocal cord and rough mucosa in the anterior right vocal cord suspected to be bilateral
laryngeal carcinoma in the vocal cords. B: DWI-suggested lesions were identified in the bilateral vocal cords (b = 1000 s/mm2). C: Consequently, the
corresponding ADC map reveals hypointense of lesions in the left vocal cord. (ADC = 1.2661023 mm2/s), and hyperintense of lesions in the right vocal
cord(ADC = 1.6761023 mm2/s).
doi:10.1371/journal.pone.0068622.g003
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was a significant difference between the mean ADC values in

benign and malignant lesions of the head and neck. Wang et al.

[30] showed a significantly smaller ADC for malignant lesions,

including SCC, than for benign lesions, in the head and neck.

The results of this study are similar to those of previous reports.

The ADC values were lower for patients with laryngeal

carcinomas (mean 1.19560.3261023 mm2/s) compared with

those with laryngeal precancerous lesions (mean

1.78060.3261023 mm2/s; P,0.001). The ADC cutoff in our

preliminary study was 1.45561023 mm2/s, resulting in a

sensitivity of 94.1%, a specificity of 90.9%, and an accuracy of

92.9%. This threshold did not markedly overlap for laryngeal

carcinomas and precancerous lesions. ROC analysis showed that

the area under the curve was 0.956. These findings suggest that an

ADC threshold of 1.45561023 mm2/s is optimal for distinguish-

ing laryngeal carcinomas and precancerous lesions. However,

there is not a standard ADC threshold in the head and neck region

for differentiating malignant lesions from benign lesions. The

threshold point varies between different parts of the head and neck

and from one study to another [10]. In other studies

[15,20,25,29,30], the ADC threshold for discriminating between

malignant tumors and benign tumors was lower than ours.

Srinivasan et al. [15] established an optimal ADC threshold of

1.361023 mm2/s for diagnosis of lesions in the head and neck

(Using that value in the present study, the sensitivity, specificity,

and accuracy were 100, 75, and 92%, respectively). Abdel Razek

et al. [25]found that an ADC of 1.2561023 mm2/s was useful as a

threshold for differentiating malignant from benign head and neck

masses (Using that value in the present study, the sensitivity,

specificity, and accuracy in were 100, 73, and 92%, respectively).

Sasaki et al. [29] reported that a lower ADC cutoff of 0.8461023

mm2/s was best for differentiating sinonasal benign/inflammatory

lesions from malignant tumors; its sensitivity, specificity, and

accuracy were 61, 94, and 79%, respectively (Using that value in

the present study, the sensitivity, specificity, and accuracy were

100%, only 3%, and 92%, respectively). An ADC value of

1.2261023 mm2/s was found to be the optimal threshold for

differentiating between benign and malignant tumors in the head

and neck and had 84% sensitivity, 91% specificity, and 87%

accuracy [30] (Using that value the present study, the sensitivity,

specificity, and accuracy were 100, 70, and 92%, respectively).

These results showed that there was a larger overlap between

laryngeal carcinoma and precancerous lesions if these previously

reported thresholds were used in the present study. To our

knowledge, there is one previous report on DWI in laryngeal

carcinoma [23]. DWI was used in only four laryngeal carcinomas

after radiotherapy, where a lower ADC in tumor recurrence than

in benign post-therapeutic alterations was found [23]. In one study

of 46 laryngeal and hypopharyngeal cancers after chemora-

diotherapy, although bi-exponential fitting (ADCD and FP) was

performed to interpret the results of DWI, Tshering Vogel et al.

[20] reported that 1.3061023 mm2/s was the optimal ADC cutoff

Figure 4. A patient with pathologically proven laryngeal carcinoma in the left vocal cord. A: A small superficial lesion in the left vocal cord
was found by laryngostroboscopy. B: DWI suggested a lesion in the left vocal cord to be hyperintense. C: Consequently, the ADCs of both vocal cords
were delineated (ADC = 1.4061023 mm2/s in the left vocal cord, ADC = 1.6561023 mm2/s in the right vocal cord). These findings suggest that the
lesion in the left vocal cord may be malignant, and that in the right vocal cord may be benign.
doi:10.1371/journal.pone.0068622.g004
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for differentiating tumor recurrence after chemoradiotherapy from

non-tumor changes. However, they found a larger overlap

between benign and malignant outcomes. They suggested that

the cause may have been that the larynx is subject to more lead

susceptibility and movement artifacts than other locations in the

head and neck, and the ratio of T1 patients in their study was

relatively large, so the sizes of the tumors were smaller. An echo-

planar-based sequence (EPI) is the traditional choice for DWI. EP

sequences are very fast but are sensitive to susceptibility artifacts

and image distortions, which are particularly present at air-tissue

and bone-tissue interfaces. EPI DWI is an easier imaging modality

that is sensitive to susceptibility artifacts in laryngeal diseases.

Some reports have demonstrated that a turbo spin-echo (TSE)

DW sequence does not suffer from susceptibility artifacts. The use

of a relatively high spatial resolution may allow the detection of

small lesions [19,25–27].

In the present study, although 20 of 33 laryngeal carcinomas

were of T1 stage, the overlap between the laryngeal carcinomas

and laryngeal precancerous lesions was smaller than in the above

study. In the initial stage, DWI also readily produces susceptibility

artifacts and six patients with susceptibility artifacts were excluded

from our study. Next, we introduced a TSE-based DW sequence

with 3.0 T MR instead of an echo-planar sequence, and we

encouraged the patients not to swallow, speak, or cough during

imaging. In addition, we took thin slices, applied meticulous

shimming, and used sight fixation of the patient’s head to

minimize susceptibility artifacts. Our results demonstrate the

potential value of this technique in the evaluation of laryngeal

carcinomas.MRI was performed on a 1.5-T unit in the study of

Tshering Vogel et al. [20]. In the prostate, Rylander et al. [31]

found that artifact volumes were lower with a 3.0-T MRI scanner

than with a 1.5-T machine. Srinivasan et al. [15] used a 3.0-T MR

unit with b-values of 0 and 800 s/mm2 to differentiate benign and

malignant lesions in the head and neck. They suggested that at 3

T, MRI with a multichannel coil can achieve small, 4-mm

sections, shorter echo times (45 ms), and smaller in-plane voxel

sizes, which can be used to decrease susceptibility artifacts [10,15].

The ADC cutoff in our study was also higher (1.45561023 mm2/s)

using b-values of 0 and 1,000 s/mm2 than in the study by Tshering

Vogel et al. [20] (1.3061023 mm2/s).

Our study has several limitations. First, the study was conducted

using a single-center registry of patients with laryngeal carcinoma,

and the number of patients was small. Thus, additional studies

including greater numbers of patients with preoperative laryngeal

carcinoma are needed to confirm the results of our preliminary

study. Additionally, patients with laryngeal carcinomas were not

stratified by T stage in this study. Specifically, laryngeal

carcinomas at the T1 stage may affect the accuracy of the ADC

because for tumors at this stage air-tissue artifacts are easily

produced. Future improvements in MRI techniques and equip-

ment will further reduce susceptibility effects.

Conclusions
Despite its limitations, including the small number of laryngeal

carcinomas included, DWI may be useful to detect changes in

tumor size and shape before they are visible by laryngostrobo-

scopy. The ADC values were lower for patients with laryngeal

carcinomas than for those with laryngeal precancerous lesions.

The ADC threshold in this preliminary study was 1.45561023

mm2/s, resulting in a sensitivity of 94.1%, a specificity of 90.9%,

and an accuracy of 92.9%. This threshold did not overlap

markedly for laryngeal carcinomas and precancerous lesions.

Author Contributions

Conceived and designed the experiments: SZ DS. Performed the

experiments: SZ DS LR YB KC QW. Analyzed the data: SZ DS.

Contributed reagents/materials/analysis tools: SZ. Wrote the paper: SZ.

Figure 5. A: Box and whisker plots showing the ADC values of laryngeal carcinomas (LCs) and precancerous lesions (PLs). The ADC values were lower
for patients with laryngeal carcinoma (mean 1.19560.3261023 mm2/s) compared with those with laryngeal precancerous lesions (mean
1.78060.3261023 mm2/s; P,0.001). B: Receiver operating characteristic (ROC) analysis showed that the area under the curve was 0.956, whereas the
optimal threshold for the ADC was 1.45561023 mm2/s.
doi:10.1371/journal.pone.0068622.g005
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