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Impact of the Parameter Variation on the Image Blurring in 3 T
Magnetic Resonance Imaging: A Phantom Study
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Purpose: To evaluate the effects of the key imaging-parameter alterations on the

four MR sequences in a phantom study.

Materials and Methods: Magnetic resonance (MR) imaging was performed on a
MR phantom with an 8-channel head coil by using a 3 T MR system. The images
were obtained in the axial plane on four MR sequences [T1-weighted, T2-weighted,
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Proton-density, and 3 dimensional (3D) fast spin echo (FSE)] with controlled varia-

tions in the following key parameters: 1) echo train length (ETL), 2) repetition time
(TR), and 3) echo time (TE). The image blurring was determined by the degree of the
gradient angle; i.e,, the blurring increased as the gradient angle decreases.

Results: The increasing ETL was observed to cause an increase in the image blurring
on all pulse sequences with a statistical significance (p = 0.004) on the 3D FSE. In-
creasing the TR appeared to have no effect except a statistically significant decrease
on the T1-weighted images (p = 0.011). Increasing TE showed no effect on the T1-
weighted images (p = 0.932); however, it caused an increase of blurring on the pro-
ton density images (p = 0.016) as well as the T2-weighted images (p < 0.001), and a

decrease on the 3D FSE (p = 0.001).

Conclusion: To reduce the image blurring, short ETL and long TE for 3D FSE, long TR
for T1-weighted images and short TE for proton-density and T2-weighted images

should be applied.
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Fig. 1. Oblique (A) and lateral (B) views of a MR phantom.
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Fig. 2. Sagittal localizer (A) and axial image (B) of a MR phantom on T1-weighted sequence (TR/TE/ETL 500/20/1).

Note.—ETL = echo train length, TE = echo time, TR = repetition time

Table 1. Phantom Image Protocols

Matrix 384 x 384
FOV (mm) 256
Slice thickness (mm) 3
Gap (mm) 1
NEX 1
Flip angle (degree) 90

Note.—FOV = field of view, NEX = number of excitation

Ql= =g o] oy ZekAElolt) o] WES] Y= 10 mM
NiCl,2F 75 mM NaClo] gl g0 2 Ze|A glon, F7}
S 9ot ofe] RO B3Rt FREE0] Qk(Fig. 1), HWEgel
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Table 2. 3 T MR Image and Parameters
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Protocols Fixed Parameters Changed Parameters

T TRITE 500/20 ETL 1 2 4 6 8 10 12
TEJETL 20/3 TR 300 400 500 600 700 800 900
TR/ETL 500/3 TE 10 14 18 22 26 30 34

PD TR[TE 3000/30 ETL 1 3 5 7 9 " 13
TEJETL 30/4 TR 2000 2500 3000 3500 4000 4500 5000
TR/ETL 3000/4 TE 10 20 30 40 50 60 70

T2 TR[TE 4000/100 ETL 4 7 10 13 16 19 22
TEJETL 100/10 TR 2000 2500 3000 3500 4000 4500 5000
TR/ETL 4000/10 TE 80 90 100 10 120 130 140

3D FSE TRITE 3000/50 ETL 30 40 50 60 70 80 90
TEJETL 50/50 TR 2000 2500 3000 3500 4000 4500 5000
TR/ETL 3000/50 TE 30 40 50 60 70 80 90

Note.—ETL = echo train length, PD = proton density weighted image, TE = echo time, TR =

Ch(Tables 1, 2). T1 F=2G4, AMEE G, T2 Bx2Y8=2
diti%] o5 7k (a%ymmetrlc echo-spacing), 3D FSE GA>
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repetition time, 3D FSE = 3 dimensional fast spin echo
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Fig. 3. An example of the quantitative analysis of the MR image blur-
ring through the self-developed software. The figure on the right rep-
resents selection of a region of interest (ROI) on the phantom MR im-
age. The figure on the left shows how to determine the slope of a line
among three points on a sigmoid curve through the curve fitting al-
gorithm.
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Fig. 4. Image blurring versus ETL for TIWI (A), PD (B), T2WI (C), 3D FSE (D). The graphs represent increasing ETL was observed to cause an de-
crease of the slope (inversely proportional to image blurring) on all pulse sequences only with a statistical significance (p = 0.004) on 3D FSE.

Note.—ETL = echo train length, PD = proton density weighted image, TE = echo time, TR = repetition time, TIWI = T1 weighted image, T2WI = T2
weighted image, 3D FSE = 3 dimensional fast spin echo
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Fig. 5. Image blurring versus ETL; 3D FSE TR/TE/ETL 3000/50/30 (A), and 3D FSE TR/TE/ETL 3000/50/90 (B) MR phantom images. Image blurring
was more prominent on 3D FSE MR image with longer ETL.
Note.—ETL = echo train length, TE = echo time, TR = repetition time, 3D FSE = 3 dimensional fast spin echo
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Fig. 6. Image blurring versus TR for TIWI (A), PD (B), T2W! (C), 3D FSE (D). The graphs represent increasing TR appeared to have no effect about
the image blurring except a statistically significant decrease on T1-weighted images (p = 0.011).

Note.—ETL = echo train length, PD = proton density weighted image, TE = echo time, TR =

weighted image, 3D FSE = 3 dimensional fast spin echo

(p = 0.184), T2 3=2GAHp = 0.517), 3D FSE (p = 0.098)
ojAl= FAH = [F-Ol9k 2[o|7}t QIATH Fig. 6).
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Fig. 7. Image blurring versus TE for TIWI (A), PD (B), T2WI (C), 3D FSE (D). The graphs represent increasing TE showed no effect about the image
blurring on T1-weighted images (p = 0.932); however, it caused an increase of blurring on proton density-weighted images (p = 0.016) as well as
T2-weighted images (p < 0.001) and a decrease on 3D FSE (p = 0.001).

Note.—ETL = echo train length, PD = proton density weighted image, TE = echo time, TR =
weighted image, 3D FSE = 3 dimensional fast spin echo

repetition time, TIWI = T1 weighted image, T2WI = T2
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