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ABSTRACT
Introduction. Squamous cell carcinoma (SCC) of the larynx accounts for a significant percentage of all head and neck cancers. 
Aim. In this paper we determine the differences in magnetic resonance relaxation time (MRI) of water in cancerous and healthy 
larynx tissues. 
Material and methods. This study is aimed on T2 MRI modalities for monitoring morphology of larynx tissue. 
Results. Our results showed that T2 MRI relaxation time measured in larynx tissue can be used to assess early cancer condition 
of larynx tissues.  The changes of T2 MRI correspond to tumor growth within normal tissue. 
Conclusion. The study showed potential of MRI for the non-invasive monitoring of larynx condition.
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Introduction
The use of MRI to assess and characterize patholo-
gy and normal tissue has been extensively described 
in the literature. By using the differences in tissue re-
laxation behavior, we are able to show differences be-
tween pathological tissue and normal tissue.1,2 However, 
this requires proper preparation of both the equipment 
(appropriate calibration) and the sequences themselves 
(optimization of the test protocol) so that the results are 
reliable.3,4 An important role in the characterization of 
tissues is played by tissue heterogeneity, especially those 
pathological. The use of T1 and T2 relaxation times and 
mapping techniques available in MRI systems gives the 

opportunity to evaluate tissues on the basis of their re-
laxation properties.

One of the more interesting MRI imaging tech-
niques that uses differences in tissue relaxation is the 
T2 mapping technique. T2 mapping sequence and pro-
cessing is technique acquires multiple echoes at differ-
ent echo times (TE) at each slice location that represent 
different T2 weighting. Data obtained using this tech-
nique can be processed to produce T2 color maps which 
demonstrate more subtle changes in tissues structure 
that are not visible on gray scale MR images. The chang-
es in T2 values correlate with the variations in water and 
oxygen content. T2 is a tissue-specific time parameter 
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that differs between tissues. There is no precise value for 
the specific tissue but is constant for a given magnet-
ic field strength. Abnormal tissues, on the other hand, 
tends to have a higher T2-value than normal tissue. The 
value of T2 depends on the tissue type, the structure of 
the environment, and the mobility of protons.5,6

Aim 
This study aimed to presents the results of MRI mapping 
in larynx tissue.

Material and methods
Larynx Tissue
Freshly excised samples (N=11) of normal and cancer-
ous laryngeal tissue and normal and cancerous thyroid 
tissue were obtained from the Frederic Chopin Clinical 
Regional Hospital No. 1 in Rzeszów, Poland. The human 
tissue studies were approved by the Bioethical Commis-
sion of the District Medical Chamber in Rzeszów (Res-
olution number 105/B/2017). Once received, the tissues 
were stored in 15 mL polypropylene graduated conical 
test tubes fitted with a screw tight cap (Kartell Labware, 
Milano, Italy) at 5°C. The average size of the excised tis-
sues was 10 mm×4 mm×5 mm, respectively. 

T2 Mapping
These experiments were performed using Magnetic 
Resonance Imaging (MRI) 1.5 Tesla field. The larynge-
al tissues were taken to the MR imaging plant to deter-
mine the T2 time. A total of 6 larynx cancer tissues and 
5 normal larynx tissues were treated and imaged in this 
study. Immediately after surgery to remove the tumor, 
high-resolution MR images were acquired from each 
tissue to determine T2 relaxation times and T2 maps. The 
tissues MR images were acquired using a 1.5 Tesla field 
MR scanner (Optima MR360 Advance, General Elec-
tric Healthcare, USA). A 3 inch surface coil was used 
for the image acquisitions. Images with varying echo 
times (TEs) were then obtained using a commercial T2 
MAPS sequence to enable T2 calculation. MR images 
were obtained at eight different echo-times (9.2, 18.4, 
27.6, 36.9, 46.0, 55.2, 64.4 and 73.6 milliseconds) in one 
single acquisition (TR=650 milliseconds, field of view 
5.00 cm×5.00 cm, matrix size 224×224, slice thickness 
2.0 mm, receiver bandwidth 31.25 kHz, NEX = 3). Typ-
ically, one coronal slice was acquired to cover all tissue 
through the middle. The total scan time to simultane-
ously acquire the eight T2-weighted images was 7 min-
utes 20 seconds. These MR parameters were used for all 
tissues. 

Statistical Analysis
The data was analyzed using Statistica 13.1 software 
(StatSoft Polska Sp.z o.o., Krakow, Poland). The data 
were analyzed using the dependent samples t-test to 

check the differences in the T2 time results between the 
individual steps of the experiment. Values were consid-
ered significantly different when the p-value was less 
than 0.05.

Results 
We used the software package READY View on work 
station AV4.6 (General Electric Healthcare) to compute 
the T2 maps. Second, we manually chose a layer that cuts 
the center of the tissue on which the T2 maps were gen-
erated. On the T2-weighted MR images, the tissues ap-
peared as a bright region. One author manually drew 
the boundary of the tissue on the image and then saved 
the object map of the tissue. The T2 value for each voxel 
was determined within the tissue region (and the aver-
age value for the area was calculated). We compared the 
mean T2 values for the cancer tissues and normal tissues 
of larynx. MR relaxation times measurements in vitro is 
reproducible, completely stable and readily available. T2 
maps obtained during measurements are presented be-
low. T2 maps were generated by single exponential fit-
ting from multiecho (0–90 ms) pulse sequences with 
intervals of 8.2 ms, a time repetition of 650 ms and a 
field of view of 5 cm over a 224×224 matrix (Figure 1). 

Fig. 1. The MR image of the calibration sequence 
presenting the method of planning the examination and 
the selection of the scanning layer (layer thickness 2mm) 
and the same cancer tissue and health tissue of larynx on 
real photo

Measured and then determined T2 values of cancer 
tissues (mean=102±7 ms; n=6) were significantly high-
er (p=0.031; p<0.05) than normal tissues (mean=90±9,6 
ms; n=5).  The central rectangle shows the first quar-
tile to the third quartile (interquartile range - IQR).  
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A segment inside the rectangle (horizontal line) shows 
the median and “whiskers” above and below the box 
show the locations of the minimum and maximum 
measured T2 time. This result confirms that the T2 maps 
technique makes it possible to distinguish between nor-
mal and cancerous tissue.7-11

Discussion
The method to study tissue condition is one of the most 
important aspects in individual treatment. MRI can of-
fer very sophisticated analysis of diseased and healthy 
larynx tissues. Squamous cell carcinoma (SCC) of the 
larynx showed decrease in water content in in vitro sam-
ples. Thus, MR parameters such as T2 relaxation time 
measured in vitro is useful as a basis for correlation with 
clinical noninvasive measurement. Additionally, MR re-
laxation times measured in cancer cell cultures can be a 
predictor of cellular changes during treatment. In MRI, 
the signal is strongly depending on the change of TE 
and TR parameters; choosing these parameters on the 
basis of the obtained data we are able to plot relaxation 
curves and determine times T2 (Table 1).

Conclusion
Quantitative T2 relaxation times allows to distinguish 
between healthy and cancerous tissue. T2 mapping al-
lows to monitor changes in water concentration in vi-
tro, and thus allows to characterized tissue condition. 
The measurements of healthy tissue show lower values 
of T2 than cancerous tissue. MRI noninvasive and repet-
itive measurements is very attractive tool in the pre- and 
clinical context in otolaryngology.
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Table 1. T2 values for cancerous (C1-C6) and healthy (H1-H5) tissues

T2 (ms)

C1 C2 C3 C4 C5 C6
93 ± 4 98 ± 5 100 ± 5 104± 5 102 ± 5 114 ± 6

H1 H2 H3 H4 H5
79 ± 4 80 ± 4 92 ± 5 102 ± 5 92 ± 5


