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Abstract

Aim: Different pulse sequences in magnetic resonance imaging have been developed for the quantification of T2 relaxation 

time of tissues. Quantitative T2 relaxation time measurement is proposed to be valuable in detecting the early sign of disc 

degeneration. The purpose of this study was to evaluate the consistency of T2 relaxation time quantification in the spine 

tissues, including disc, bone and fat using different sequences and to assess the MultiTransmit technology effect on T2 

quantification at 3.0T MR scanner.

Materials and Methods: T2 relaxation times were first measured on eleven commercial phantoms with different T2 relaxation 

time in the range from around 50ms to 150 ms. Pulse sequences used for the measurement of the T2 relaxation time included 

with the traditional spin echo (SE), multi spin echo, turbo spin echo with various echo train length (ETL), gradient and spin 

echo (GRASE) sequences with single-slice on 3.0 T MR unit. Same series of pulse sequences were applied to lumbar spine of 

15 healthy volunteers. T2 relaxation times of disc, vertebral body and fat were then measured. In addition, the B1 effect on T2 

quantification was assessed by switching on or off the multi-transmitter (MT) of the MR scanner. Coefficients of variation (CV) 

of T2 from each sequence were calculated for reproducibility assessment. The differences between these T2 measurements 

from each sequence were statistically analysed using student’s t test.  

Results: A good reproducibility in all five phantoms was demonstrated by the CVs of T2 measurement which was lower 

than 4% for all sequences. The CVs is lower for MT switching on than those for MT switching off for all phantoms. The T2 

relaxation times obtained from protocols with MT switching off were higher than those obtained from the same protocols 

with MT switching on in all phantoms and fat tissue except for the SE protocols in spine discs and marrows. There is significant 

difference (p<0.02) for all sequences in both phantoms and healthy volunteers obtained with MT switching on from with MT 

switching off. With MT switching off, the average T2 relaxation time was 127.26±18.94ms (ranging from 95ms to 170ms) in 

discs, 88.10±28.34ms (ranging from 41ms to 157ms) in vertebral bone and 132.97±46.69ms (ranging from 39ms to 194ms) 

in subcutaneous fat respectively. With MT switching on, the average T2 relaxation time was 121.22±15.27ms (ranging from 
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93ms to 159ms) in discs, 83.04±27.96ms (ranging from 41ms to 145ms) in vertebral bone and 126.09±49.19ms (ranging 

from 41ms to 196ms) in fat respectively. The times for fat and marrow varied more for both MT switching on and off. The SE 

sequence yielded the lowest T2 values for all in vivo tissues and phantoms, which was significantly lower than those obtained 

from other sequences (P<0.006). In TSE protocols, T2 relaxation time increases as ETL increases and there is significant 

difference (P<0.05) whatever MT switching on or off. T2 values from GRASE sequence were lower than those from TSE 

protocols but the difference were not significant (P>0.05). 

Conclusion: T2 mapping was viewed as one of the valuable methods for the diagnosis of intervertebral disc degeneration. 

There are different pulse sequences for the T2 relaxation time measurement. It is more appropriate to compare the trends of 

relaxation times rather than the actual relaxation time especially for comparing studies because many factors affect T2 values.

Keywords:  MRI; Multi-transmitter; Lumbar spine; T2 quantification; Turbo spin echo sequences; GRASE

Abbreviations: IVDD: Intervertebral Disc Degeneration; 
PGs: Proteoglycans; MRI: Magnetic Resonance Imaging; FSE 
or TSE: Fast or Turbo Spin Echo; MESE: Multi Echo Spin Echo; 
GRASE: Gradient and Spin-Echo; CV: Coefficient of Variance.

Introduction

It is estimated that 60 to 90% of adult suffer from low 
back pain in industrialized countries [1,2]. Structures such 
as vertebral body, intervertebral discs, muscles, ligaments, 
fascia and joints capsules could be the potential sources 
for pain development [3-6]. However, intervertebral disc 
degeneration (IVDD) has been viewed as the leading cause of 
pain and disability in adults [7-9]. The relationship between 
the IVDD and low back pain has been studied [7,10,11]. IVDD 
is characterized by structural failures as well as biochemical 
changes such as significant decline in the disc’s proteoglycans 
(PGs) content [12]. Magnetic resonance imaging (MRI) has 
been widely used for characterizing IVDD. Pfirrmann et al. 
[13] proposed a semi-quantitative classification system for 
disc degeneration based on T2-weighted MR images which 
reflects the structural morphology in the vertebral bodies. 
While T2-weighted MRI provides valuable noninvasive 
morphological depiction of IVDD, it is not sensitive enough 
to detect early signs of disc degeneration occurring prior 
to morphologic changes. The structural morphology 
changes are resulted by the biochemical changes including 
proteoglycan loss, dehygration and collagen degradation. 
One of the most promising approaches for evaluation the 
underlying biochemical changes of the vertebral bodies is 
the construction of T2 relaxation time maps. In particular, 
T2 relaxation time are sensitive to the change of water and 
proteoglycan content caused by disc degeneration [14-16]. 
Because the biochemical changes are believed to occur 
early in the progression of disc degeneration, a method for 
creating T2 maps of intervertebral discs at clinically relevant 

field strengths could prove valuable. Therefore, quantitative 
T2 relaxation time measurement is proposed to detect the 
early sign of disc degeneration [17,18]. Reproducible and 
accurate T2 relaxation time measurements are important for 
the characterization of disc degeneration. 

Although recent studies have demonstrated a correlation 
between T2 values and degenerative disc [2,16,17,19), the 
T2 measurement may vary from sequence to sequence. In 
clinical practice, the variability of T2 relaxation time results 
in potential difficulties in diagnosis to discriminate between 
health and disease. It is therefore very critical to assess how 
the quantification of T2 relaxation time of spine tissues 
varies as different protocols and parameters are used and to 
individually establish T2 reference values for each sequence. 
The commonly used T2 relaxation time quantification 
sequences include spin echo (SE), fast or turbo spin echo 
(FSE or TSE) [20,21], multi echo spin echo (MESE), and 
the gradient and spin-echo (GRASE) sequence [22,23]. 
Studies have demonstrated that several factors can affect T2 
relaxation time measurement including T1 saturation effects, 
imperfect RF pulses, static field inhomogeneity, stimulated 
echoes and insufficient sampling of the T2 decay points 
and so on [24]. Even the differences in T2 relaxation time 
quantification using difference sequences and parameters 
are known in the musculoskeletal knee [25-27], comparisons 
of T2 values based on different sequences in the spine are 
very limited. To best of our knowledge, no previous studies 
have systematically investigated measurement differences 
using sequences mentioned above in spine at 3T scanners. 
Moreover, with the development of MultiTransmit technology, 
it is assumed that the use of several transmitters as opposed 
to a single transmitter would improve RF excitation and 
reduce the artifacts introduced by imperfect RF pulses. 
Therefore, T2 relaxation time quantification protocols with 
MultiTransmit technology may provide a more accurate 
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assessment of tissue relaxation properties.

The purpose of this study was: (1) to evaluate the 
consistency of T2 relaxation time quantification in the spine 
tissues, including disc, bone using different sequences at 3T 
including SE, TSE, and GRASE acquisition; (2) to evaluate 
the MultiTransmit technology effect on T2 relaxation time 
quantification and compare the results with the single 
transmitter technology.

Materials and Methods

Phantom Studies

Five commercial cylindrical T2 phantoms (Eurospin 
test object TO5, Diagnostic Sonar, Livingston, UK) with T1 
relaxation time in the range of 300ms and 903ms and T2 
relaxation time in the range of 70ms and 140ms respectively 
were chosen for the studies. The MR measurements were 
performed at temperature (20±2°C) with a MR compatible 
thermometer attached on the phantom holder. Phantom 
studies were performed at different date. The locations of the 
phantoms were rearranged at different positions related to 
the isocenter of the MR scanner for each scan. Each phantom 
was scanned at least three times for each pulse sequence to 
evaluate the reproducibility and measurement accuracy of 
pulses. 

Subjects

15 healthy volunteers were recruited (ten men and 5 
women; age range 20 to 35 years, median 27 years.) for the 
studies. All volunteers had no symptoms of inflammation, 
absence of any symptoms indicating disc degeneration, 
normal disc dimensions and functions proved by lumbar 
spine MRI and did not undergo surgery within one year 
of study enrolment. Volunteers with a pacemaker, metal 
implants, known or suspected pregnancy, and claustrophobia 
were excluded from the study. The study was approved by 
the institutional Clinical Research and Ethics Review Board 
and written informed consent were signed by all volunteers. 

All studies were performed using a whole-body MRI 
system (Philips Achieva 3.0TX, Philips Healthcare, Best, The 
Netherlands) using 32 channel head coil for phantom studies 
and 15 channel spine coil for healthy volunteer studies 
respectively.

MRI protocols

Four different pulse sequences were applied on 
phantoms in axial plane and subjects in saggittal plane 

respectively. The four different pulse sequences are SE, 
TSE sequences with varying echo train lengths (ETLs=3, 4) 
and GRASE (EPI factor=5) respectively. Single slice images 
were acquired for all sequences in order to minimize the 
quantification inaccuracy caused by potential imperfect 
slice-selective refocusing pulses. Eight echoes were acquired 
for all sequences. The acquisition parameters for the pulse 
sequences are listed as in Tables 1 & 2 for phantoms and 
subjects respectively.
 

For phantom studies, relevant imaging parameters 
for all protocols include: FOV=210*210 mm; in-plane 
resolution=1.5*1.5mm, slice thickness=8mm, TR=3000ms, 
no of scan=1. For SE protocol, TE=20, 40, 60, 80, 100, 120, 
140, 160 ms; total scan time was 7min3s. For TSE of ETL=3, 
TE=14, 34, 54, 74, 94, 114, 134, 154 ms; total scan time was 
2min21s. For TSE of ETL=4, TE=15, 40, 65, 90, 115, 140, 165, 
190 ms; total scan time was 1min48s. For GRASE, TE= 20, 40, 
60, 80, 100, 120, 140, 160 ms; total scan time was 1min33s.

For subject studies, relevant imaging parameters 
for all protocols include: FOV=180*180mm; in-plane 
resolution=1.5*1.5mm; slice thickness=8mm, TR=2500ms, 
no of scan=2. For SE protocol, TE=20, 40, 60, 80, 100, 120, 
140, 160 ms; total scan time was 6min35s. For TSE of ETL=3, 
TE=12, 32, 52, 72, 92, 112, 132, 152 ms; total scan time was 
3min23s. For TSE of ETL=4, TE=16, 41, 61, 91, 116, 141, 166, 
191 ms; total scan time was 2min33s. For GRASE, TE= 20, 40, 
60, 80, 100, 120, 140, 160 ms; total scan time was 2min8s.

Image Processing

The images were transferred to the manufacture’s 
workstation and anlayzed using Philips dedicated software 
(MR Extended Work Space 2.6, Philips Healthcare, The 
Netherlands).  A T2 map was automatically generated by fitting 
the signal intensity of all echo times to a monoexponential 
decay curve pixel by pixel with a maximum likelihood 
expectation maximization algorithm. T2 calculation of the 
TO5 object phantoms was performed in regions of interest 
(ROIs) placed centrally in each tube and excluded any 
artifacts. For in vivo study, circular regions of interest (ROIs) 
were drawn on the targeted anatomical tissues included: 
intervertebral discs, vertebral bodies (VB) and subcutaneous 
fat as shown in Figure 1. For the discs, the ROIs were drawn 
in the middle of the disc body-the nucleus pulposus. The 
vertebral body ROIs were drawn including all body range. 
Subcutaneous fat ROIs were drawn where the region was the 
largest. All ROIs were drawn with care to minimize the effects 
of chemical shifts, changes in susceptibility and interfaces 
between the tissue being measured and surrounding tissues 
in case of contaminations.
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Figure 1: An example of ROIs selection in one subject displayed on sagittal T2-weighted image of the lumbar spine: with ROIs 
which are placed in spine disc, vertebral bone and subcutaneous fat. ROIs are taken in the central slice of the sagittal plane 
where the tissues are the largest. ROIs are manually drawn well within the boundaries of interested tissues to reduce the 
effects of environment on relaxation times.

Statistical Analysis

To assess the reproducibility of each sequence, the 

coefficient of variance (CV) was calculated across each 
phantom and each tissue using the formula as below:
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For phantom, Mi is the T2 relaxation time of the with 
measurement for a particular phantom. For subjects, Mi is 
the T2 relaxation time of the with subject for a particular 
tissue.

As the sample size was not large, the non-parametric 
method of paired sample t-test was adopted to evaluate the 
differences between the sequences and the same sequence 
between MT switching on and off regarding the T2 relaxation 
times for statistical significance. All statistical analysis was 
performed using SPSS version 22.0 (Statistical Package 
for the Social Sciences, SPSS, IBM, USA) was considered 
statistically significant.

Results

Phantom Experiments

In Table 1, the CV values of T2 relaxation time was 
lower than 4% in all five phantoms for all pulse sequences, 
demonstrating a good reproducibility. After combining data 
from different phantoms, the average CV was higher for the 
same sequence with MT OFF compared with that with MT 
ON. The same situation happened after combining data from 
different pulse sequences. The average CV was higher for the 
same phantom with MT OFF compared with that with MT ON. 
Phantom 5 has the longest T1 (1007ms) and T2 relaxation 
time (128ms) in which the average CV was the highest for 
both MT OFF (2.8%) and MT ON (2.6%) after combining 
data from different pulse sequence. The highest average CV 
with MT OFF (2.8%) and MT ON (1.9%) was observed in TSE 
sequence with ETL=4 and the lowest CV with MT OFF (1.3%) 
and MT ON (1.2%) in SE sequence after combining all data 
from different phantoms. 

The T2 relaxation time measured by difference 
sequences in all five phantoms was presented in Figure 2 
with MT OFF and with MT ON respectively as compared with 
the T2 relaxation times provided by the manufacturer. There 
was significant difference for the same protocol performed 
with MT OFF compared that with MT ON as listed in Table 
2. The T2 relaxation time obtained by SE sequence was the 
lowest. The average underestimate of the five phantoms was 
-2.86% (with MT OFF) and -3.78% (with MT ON) respectively. 
With TSE sequences, the T2 relaxation time increased with 
ETL increased, demonstrating a 2.25% (ETL=3) and 3.87% 
(ETL=4) average overestimate and 1.98% (ELT=3) and 
2.74% (ETL=4) with MT OFF and ON respectively. The T2 
relaxation time with GRASE showed relatively good accuracy 
with an average overestimate of 1.60% (with MT OFF) and 
0.69% (with MT ON) respectively. With MT OFF, there was 
a significant difference (p=0.036) between TSE with ETL=3 
(103.68 ms) and the TSE with ETL=4 (105.33 ms). There was 
also a significant difference between SE sequences (98.50 
ms) and all other sequences (p<0.006). T2 relaxation time 
obtained from the GRASE sequence (103.02 ms) were also 
significantly lower (p<0.02) than those obtained from TSE 
with ETL=3 and 4. The same situation happened with MT 
ON. There was a significant difference (p<0.05) between TSE 
with ETL=3 (103.41 ms) and the TSE with ETL=4 (104.18 
ms). There was also a significant difference between SE 
sequences (97.57 ms) and all other sequences (p<0.006). T2 
relaxation time obtained from the GRASE sequence (102.10 
ms) were also significantly lower (p<0.02) than those 
obtained from TSE with ETL=3 (103.41 ms) and 4 (104.18 
ms). The pulse sequence with ETL=4 showed the worst 
accuracy (3.87%) with MT OFF. The T2 measurement of 
phantoms acted placement-independent within the magnet 
bore.

SE TSE 24 TSE 32 GRASE Average

MT OFF MT ON MT OFF MT ON MT OFF MT ON MT OFF MT ON MT OFF MT ON
Phantom 1 1.5 0.9 1.7 1.2 2.6 1.3 2 0.7 2 1
Phantom 2 0.7 0.8 1.2 1.3 2.1 1.3 1.3 1.5 1.3 1.2
Phantom 3 1.1 1.2 3.2 1.1 3 2.1 1.4 1.2 2.2 1.4
Phantom 4 1.5 1.2 2.1 1.9 3.2 2.4 2 1.9 2.2 1.9
Phantom 5 1.9 2 3.4 3.4 3.3 2.4 2.5 2.6 2.8 2.6

Average 1.3 1.2 2.3 1.8 2.8 1.9 1.8 1.6

In vivo

Spine discs 9.9 13.1 13.6 14.5 13.8 14.7 15.7 10.9

VB 11.5 10.7 13.7 14.2 14.3 12.2 9.5 8.9

Fat 13.7 15.8 10.6 9.1 8.9 6.6 5.8 4.7

Table 1: Coefficient of variations in phantoms using different pulse sequences with at least 3 measurements (unit %).
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Figure 2: Relaxation times of five commercial phantoms measured using different pulse sequences with known values: (A) 
relaxation time measured with MT OFF and (B) with MT ON.

Average of T2 with MT OFF (ms) Average of T2 with MT ON (ms) p-Value
SE 98.50 (-2.86) 97.57 (-3.78) 0.015

TSE 24 103.68 (2.25) 103.41 (1.98) 0.008
TSE 32 105.33 (3.87) 104.18 (2.74) 0.008
GRASE 103.02 (1.60) 102.10 (0.69) 0.011

Table 2: T2 relaxation time measurement for each of the investigated sequences with MT OFF versus MT On for all five phantoms 
(mean±percentage error).

In vivo Studies

Data from human subjects are presented in Figure 3. The 
average T2 relaxation time of spine discs was 127.26 18.94 
ms (with MT OFF) and 121.22 15.27 ms (with MT ON) from 
all volunteers and all pulses, ranging from 105 to 138ms 
with MT OFF and 113 to 131ms with MT ON respectively. 
The relaxation times for vertebral body and subcutaneous 
fat were more varying. For vertebral body, the average T2 
relaxation time was 88.10 28.34 ms (with MT OFF) and 83.04 
27.96 ms (with MT ON), ranging from 40ms to 150ms with 
MT OFF and 40 ms to 140ms with MT ON respectively. For 
subcutaneous fat, the average T2 relaxation time was 132.97 
46.69 ms (with MT OFF) and 126.09 49.19 ms (with MT ON), 
ranging from 40ms to 190ms with both MT OFF and MT ON.

In spine discs, with MT OFF, There was a significant 
difference (p=1.73E-10) between the TSE with ETL=3 (126.44 
15.20 ms) and the TSE with ETL=4 (137.50 15.99 ms). There 
was also a significant difference between SE sequences 
(104.98 7.24 ms) and all other sequences (p<3.00E-5). T2 
relaxation time obtained from the GRASE sequence (134.18 
18.19 ms) were also significantly lower (p=0.037) than those 
obtained from TSE with ETL= 4 but significantly higher 
(p=3.57E-4) than those obtained from TSE with ETL=3. 

With MT ON, there was a significant difference (p=1.92E-7) 
between TSE with ETL=3 (121.17 15.35 ms) and the TSE 
with ETL=4 (130.47 17.12 ms). There was also a significant 
difference between SE sequences (113.35 12.52 ms) and 
all other sequences (p<0.03). T2 relaxation time obtained 
from the GRASE sequence (117.81 11.09 ms) were also 
significantly lower (p=6.37E-5) than those obtained from 
TSE with ETL=4 (130.47 17.12 ms). T2 relaxation time 
obtained from the GRASE sequence (117.81 11.09 ms) were 
also lower than those obtained from TSE with ETL=3 (121.17 
15.35) ms but no significant difference (p>0.05). There was 
significant difference for the same protocol with spine discs 
of human subjects performed with MT OFF compared that 
with MT ON as listed in Table 3. For the intra-sequence 
comparison whatever for with MT OFF or MT ON, a similar 
trend of T2 relaxation time was detected in vertebral body 
and subcutaneous fat as in spine disc, there was significant 
difference between any two pulses (p<0.0002). However, 
for the inter-sequence comparison between with MT OFF 
and MT ON (the same sequence comparison between with 
MT OFF and MT ON), it was different shown in Tables 4 & 
5 respectively. For SE protocol, there was no significant 
difference with MT OFF and MT ON for both VB and fat. For 
fat, there was only significant difference (p=2.63E-8) for 
GRASE protocol.
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Figure 3: Relaxation times of healthy volunteers measured using different pulse sequence with both MT OFF and MT ON for 
(A) spine disc, (B) bone marrow of vertebral body and (C) subcutaneous fat.

Average of T2 with MT OFF (ms) Average of T2 with MT ON (ms) p-Value
SE 104.98 (7.24) 113.35 (12.52) 0.002

TSE 24 126.44 (15.20) 121.17 (15.35) 0.012
TSE 32 137.50 (15.99) 130.47 (17.12) 0.006
GRASE 134.18 (18.19) 117.81 (11.09) 2.07E-05

Table 3: T2 relaxation time measurement of spine discs for each of the investigated sequences with MT OFF versus MT On for all 
volunteers (mean standard deviation).
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Average of T2 with MT OFF (ms) Average of T2 with MT ON (ms) p-Value
SE 46.41 (3.44) 47.79 (4.62) 0.098

TSE 24 101.40 (13.69) 96.89 (14.03) 1.28E-04
TSE 32 117.30 (17.03) 114.19 (14.40) 0.015
GRASE 76.16 (6.93) 63.87 (5.98) 4.56E-08

Table 4: T2 relaxation time measurement of vertebral bodies for each of the investigated sequences with MT OFF versus MT On 
for all volunteers (mean standard deviation).

Average of T2 with MT OFF (ms) Average of T2 with MT ON (ms) p-Value
SE 64.67 (9.63) 62.79 (10.86) 0.3

TSE 24 164.43 (15.61) 161.16 (12.25) 0.18
TSE 32 180.72 (11.57) 178.19 (10.45) 0.26
GRASE 103.83 (6.39) 85.34 (3.31) 2.63E-08

Table 5: T2 relaxation time measurement of subcutaneous fat for each of the investigated sequences with MT OFF versus MT On 
for all volunteers (mean standard deviation)

The CVs in all sequences were worse in in vivo than those in 
phantoms as seen in Table 1. 

Discussion

 Different pulse sequences used to measure the T2 
relaxation time of phantoms and lumbar spine have been 
evaluated at 3T in this study. In addition to the phantoms 
with known relaxation times provided by the manufacturers, 
relaxation times of in vivo tissues including intervertebral 
discs, VB and fat have been measured. In order to minimize 
the effect of slice selective refocusing pulses, one slice was 
acquired in our study. TR was set long enough to reduce the 
error caused by T1 saturation effect. The number of echo 
times was large for reasonable decay. It was found that the 
T2 relaxation time was pulse sequence dependant for both 
phantoms and in vivo. The tendency of T2 variation among 
the pulse sequences was noted to be consistent across all 
tissues. SE appeared to underestimate the T2 relaxation 
times and presented the lowest values for both phantoms 
and in vivo. TSE and GRASE sequences have the potential to 
give higher T2 values. The T2 values are lower for almost all 
pulses across all tissues except for the SE in discs and VB with 
MT OFF versus these with MT ON. The maximum percentage 
error of our T2 measurement when compared with the 
known relaxation times provided by the manufacture of all 
phantoms for all sequences was below 7%. The manufacture 
reported around 3% error for the T2 values. All sequences 
performed a good measurement for the phantoms used 
in the study. The difference between our measurement 
and the value provided by the manufacture may caused 
by temperature variation. Among all phantoms, T2 values 
measured with MT OFF compared with MT ON demonstrated 
slightly higher accuracy which was demonstrated by the 

following two points: 1. the average percentage error with 
MT OFF was 3.42 % and which was 2.25% with MT ON; 2. the 
average CVs is higher with MT OFF compared with that with 
MT ON as illustrated in Table 1. 

In our study, the relaxation times of VB and fat measured 
whatever with MT OFF or MT ON were corresponding to 
the values reported by other studies used SE protocols [28]. 
Only around 6% difference might be caused by single-slice 
acquisition used in our study.

There is one consistent trend that all pulses displayed 
an increase in T2 relaxation times of all tissues when 
compared with the SE sequence. Moreover, the T2 
relaxation times increased as the ETL of the TSE sequence 
increases. The maximum percentage increase of 30.98%, 
152.75% and 183.79% was inspected in spine discs, VB 
and fat respectively in our study compared with the value 
obtained with the SE sequence. The mean T2 relaxation 
time is significantly lower of SE than GRASE and all TSEs 
based on the Student’s t test. The T2 relaxation time is 
also significantly lower of TSE with 3 ETLs than TSE with 
4 ETLs. The measured higher T2 relaxation times obtained 
with GRASE and TSEs are consistent with previous studies 
[25,27,29,30]. The increased T2 relaxation time might be 
due to the contamination of stimulated echo generated 
in the mutliecho sequences [24,31]. Multiple echoes may 
be used to enhance the SNR in an image by echo addition; 
however, the echo addition has the possibility of affecting the 
accuracy of T2 measurement by providing wrong prolonged 
decay information. The significant difference between the T2 
relaxation time of SE for VB and fat compared to that using 
GRASE and TSEs might due to the T2 prolongation secondary 
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to disruption of J-coupling interactions between adjacent fat 
protons [32]. All GRASE and TSEs pulse sequences with MT 
OFF yielded higher T2 relaxation time compared with these 
with MT ON across almost all tissues. The probable means 
that the incorrect refocusing pulse might be optimized by 
with MT ON.

Conclusion

In conclusion, T2 mapping has been claimed to be 
valuable in diagnosis of degenerative disease and evaluation 
of treatment outcomes. Difference pulse sequences using 
for T2 relaxation time measurement are inspected both 
in phantom and in human subjects in this study. The 
results show that different sequences produced different 
T2 values because several factors affect T2 measurement. 
To our knowledge, this is the first study to evaluate B1 
inhomogeneity effects on T2 values using MT ON techniques. 
Robust T2 measurements are important. However, when 
choosing a sequence for T2 measurement, it is more essential 
to keep in mind from this study that it is more favourable to 
compare the trends of relaxation times rather than the actual 
relaxation times when performing studies for comparison.
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