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The present study analyzes T1 TSE and T1 slice sel. IR (dark_fluid) signal strength according to the degree of

gadolinium contrast agent dilution and analyzes the turbo factors with regard to changes in the maximum and

overall signal strength to study correlations between changes and signal-to-noise ratios (SNRs) and compare

peak-to-peak SNR (PSNR) enhancement in order to improve the quality of T1-weighted images. Enhancement

TR (600 msec) evaluated to determine the T1 TSE turbo factor and obtain the maximum signal strength, T1WI

were used sequentially to experiment with turbo factors_1–4. T1 slice sel. IR (dark–fluid) was used to

sequentially test turbo factors_2–5 but not turbo factor_1 at a TR (1500 msec) and compare data at an increase

in T1 of 900 msec. The T1 TSE was reduced according to the contrast agent concentration. Phantom signal

strength increased, whereas turbo factors_1–4 exhibited maximum signal strength at a concentration of 3

mmol, followed by a gradual decrease. In the turbo factors_2–5, the signal strength increased sharply to

maximum signal strength at 0.7 mmol, followed by a reduction. T1 TSE had a greater maximum signal

strength than did T1 slice sel. IR (dark_fluid). A comparison of SNR found that T1 TSE imaging was superior

(33.3 dB) in turbo factor_1 and T1 slice sel. IR (dark_fluid) was highest (33.9 dB) at turbo factor_5. A PSNR

comparison analysis was not sufficient to distinguish between the images obtained with both techniques at 30

dB or higher under all experimental conditions. 
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1. Introduction

Magnetic resonance imaging (MRI) has a unique ad-

vantage over other imaging methods, as the image con-

trast is so high that it provides excellent contrasts between

soft tissues. This modality also incorporates a variety of

conditions under the same organizational process to

demonstrate various contrasts in signal intensity between

various types of tissue. Brain studies of structural differ-

ences associated with image signals, such as neurological

proteins (white matter) and gray matter (gray matter),

continue to further significant technical developments.

Changes in the shading of cerebral microvascular dis-

orders (small vessel disease) might be caused by brain

lesions. Substantial brain infarct damage occurs in the

brain parenchyma, and currently the brain disease site has

been proposed as a major risk factor for depression,

cognitive depression, stroke, and vascular dementia [1-3].

Brain MRI scans during T1 SE relaxation time do not

provide good contrast resolution between the white and

gray matter because the inversion recovery (IR) technique,

which uses the slice-selective (slice sel.) inversion pulse

(dark_fluid imaging) used to increase contrast is consider-

ed to be helpful for diagnosing lesions (Fig. 1). Because

of this characteristic, initial MRI scans are non-invasive,

involve no harmful X-rays, and do not require the use of

MR contrast agent; although MR contrast agents affect a

limited area, they are widely used to detect tissue charac-

teristics and disease lesions.

The present study analyzes T1 TSE and T1 slice sel. IR

(dark_fluid) signal strength according to the degree of

gadolinium contrast agent dilution and analyzes the turbo

factors with regard to changes in the maximum and over-

all signal strength to study correlations between changes
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and signal-to-noise ratios (SNRs) and compare peak-to-

peak SNR (PSNR) enhancement in order to improve the

quality of T1-weighted images.

2. Theory

2.1. MRI

An MRI radiofrequency pulse excites hydrogen nuclei

within the body to a higher energy level, thus causing

resonance. After applying this pulse, the protons relaxed

to their initial state (i.e., low energy level). In this case,

electrical signals are generated via mathematical trans-

formation and then collected with the magnetic resonance

signals generated via Fourier transform to obtain MRI

and a magnetic resonance spectrum.

2.2. Contrast agent

This material is used to highlight tissues and blood

vessels and exhibits a high level of contrast in the body

during MRI. The MR contrast agent affects the image

signal strength both by influencing the magnetic relaxivity

of hydrogen and through its distribution [10]. In other

words, in the body, contrast agent affects the water mole-

cule relaxation time in both normal and abnormal tissues;

by detecting differences in the relaxation time following

exposure to a strong external magnetic field and high-

frequency energy, contrast between anatomic or functional

areas can be maximized [4, 5]. Upon reaching the bio-

logical tissue after injection, the contrast material can

indicate changes in the tissue, such as proton density and

T1 and T2 relaxation times, which appear as signals in

the image. Accumulation of contrast agent to yield bright

signal enhancement is called positive contrast enhancement,

whereas accumulation to yield dark enhancement is

referred to as negative contrast enhancement. Therefore,

in general, an increase in the proton density and a re-

duction in T1 and T2 appear to promote an increase in

signal; in contrast, reductions in proton density and T2

signal intensity and an increase in T1 appear to promote a

decrease in signal. T1 relaxation effects yield a T1

shortening effect on high-contrast images because of a

high concentration of gadolinium per unit volume of [6].

Chelated gadolinium agents act in the extracellular space.

These agents distribute through the vascular space and

diffuse into interstitial spaces (except the central nervous

system and testes) via capillary walls.

2.3. Turbo spin echo

TSE provides a similar quality level as conventional

spin echo imaging without being influenced by non-

uniformity of the main magnetic field; this is achieved by

applying the principles of Mansfield echo planar imaging.

The study period is longer, as high-speed real-time imag-

ing from the very beginning to the multiple RF echo time

is 8-16 times longer than that of the reduced imaging

method [15]. The disadvantages of TSE are the creation

of 1-shot images of 1 TE because multiple RF echo signals

are used to combine different images into a single image

[16].

2.4. Inversion recovery

IR is a method in which 180° radiofrequency pulses are

applied before the spin echo (SE) provides a 90° radio-

frequency pulse. The use of a 180° pulse to deliver a

high-frequency pulse to each tissue with a known value of

zero (null point) and control the reverse T1-recovery time

(inversion time, TI) curve can suppress the signal from

each tissue [17-19]. Short inversion time IR (short tau

inversion recovery, STIR) is a signal of fat tissue suppre-

ssion, and general increases in the values of T1 and T2

lesions are indicated by high signal intensity [17, 20, 21].

A long inversion time inversion recovery IR (fluid-

attenuated inversion recovery, FLAIR) is a signal of

cerebrospinal fluid (CSF) suppression and increases the

detection rate of surrounding periventricular lesions or

CSF. Inversion time IR may help to diagnose diseases via

increased contrast by suppressing the signal of the tissue

surrounding the expected lesions.

Fig. 1. (Color online) Represent image of inversion recovery.
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2.5. SNR and PSNR

The SNR factor, according to changes in TSE with slice

sel. IR (dark-fluid), refers to the relative ratio of the signal

and noise and indicates image contrast. A comparison of

SNR at the signal intensity peak value is indicated below

(1).

 (1)

The following metric, which is used often in practice, is

called PSNR. 

 (2)

3. Materials and Methods

3.1. Phantom Production

Gadolinium contrast agent (Gadovist, Bayer Schering,

Berlin, Germany) was diluted in normal saline to a con-

centration of 1000 mmol and used to prepare a self-built

phantom that demonstrates changes in signal intensity

according to the contrast medium concentration. A 35-

phantom model was constructed using glass cylinders

(height: 11.5 cm, diameter: 2.5 cm), and the gadolinium

contrast solution was diluted in normal saline at ratios

yielding the following concentrations: 400, 300, 200, 100,

90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1,

0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 0.1, 0.05, 0.025, and

0.0125 mmol. The contrast agent dilutions were arranged

in the phantom model from high to low concentration

(Fig. 2). The experiment was run a total of 5 times to

measure the signal strengths of the gadolinium contrast

dilutions.

3.2. Phantom image acquisition methods

The image acquisition devices included a 3.0-T super-

conducting MRI (Achieva 3.0T, Siemens Skyra, Germany)

(Fig. 2) with a 20-channel head-and-neck coil, and T1

TSE and slice-sel. IR imaging were compared to deter-

mine changes in the signal strength during T1 dark_fluid

imaging with a turbo factor. At different gadolinium con-

trast agent concentrations (starting at 1000 mmol), signal

strength data were analyzed and compared in a cross-

experiment involving the gadolinium phantom test.

The following image capture conditions were used: for

TSE, a field of view (FOV) of 220 × 220 mm, slice thick-

ness of 5 mm, 7 slices, repetition time (TR) of 600 msec,

echo time (TE) of 6.4 msec, number of excitations (NEX)

of 1, flip angle of 90°, and a matrix of 128 × 128; for

slice-sel. IR (dark fluid), a FOV of 220 × 220 mm, slice

thickness of 5 mm, 7 slices, TR of 1500 msec, TE of 7.5

msec, NEX of 1, flip angle of 90°, and T1 matrix (slice

sel. IR) with a 901-msec condition. Turbo factors_1, 2, 3,

and 4 were used for TSE, and turbo factors_2, 3, 4, and 5

were used for slice-sel. IR (dark_fluid) to obtain images

of these values. Slice-sel. IR (dark fluid) with an increase

in TR of 1500 msec over the TI and turbo factor_1 was

excluded from the experiment (Table 1).

3.3. Comparative analysis

TSE (Fig. 3) and slice sel. IR (Fig. 4) images were
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Pnoise
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Fig. 2. (Color online) Self-construct phantom to evaluate

molar concentrations.

Table 1. Scan parameters.

Parameter T1 TSE
T1 slice sel. IR 

(dark_fluid)

FOV (mm) 220 × 220 220 × 220

Slice thickness (mm) 5 5

Slice (mm) 7 7

TR (msec) 600 1500

TE (msec) 6.4 7.5 

NEX 1 1

Flip angle (degrees) 90 90

Matrix 128 × 128 128 × 128
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analyzed using a Syngovia (Siemens AG, Erlangen, Germany)

to measure the signal intensities in the phantom images at

diluted contrast agent concentrations ranging from 0.0125-

400 mmol by setting regions of interest (ROIs).

An evaluation of image noise, or PSNR, was used to

evaluate losses in image quality on T1 TSE and T1 slice-

sel. IR (dark_fluid) images; accordingly, small losses of

information received high values (30 < PSNR ≤ 50). The

MSU Video Quality Measurement Tool (Graphics & Media

Lab Video Group) was used to compare the PSNRs.

4. Results

The signal strength of each contrast ratio dilution was

measured against each of the others in glass cylinders to

determine contrast phantom signal strength properties in a

phantom test using T1 TSE and T1 slice sel. IR (dark_fluid);

the turbo factor number and signal intensity were analyzed

in accordance with the contrast agent dilution. As a result,

when T1 TSE images of 2 gadolinium contrast agent

dilutions were compared at turbo factor_1, turbo factor_2,

turbo factor_3, and turbo factor_4, the maximum signal

strength of 3366.2 was observed at 3 mmol and turbo

factor_3 (Fig. 5). In addition, the signal strength decreased

relatively gradually beginning at a gadolinium contrast

agent dilution of 0.1% while maintaining a maximum

signal strength in the overall dilution range of 0.3–0.07%

(Table 2).

Fig. 3. (Color online) Measurement of turbo spin-echo (TSE) signal intensity. (a) T1 TSE (turbo-1), (b) T1 TSE (turbo-2), (c) T1

TSE (turbo-3), (d) T1 TSE (turbo-4).
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Next, the maximum signal strengths from both imaging

techniques were compared to determine the obtained

values; T1 slice sel. IR (dark_fluid) (glass cylinder 25,

concentration of 0.7 mmol, turbo factor_4) exhibited a

maximum signal strength at a more dilute concentration

than that achieved with T1 TSE (3 mmol, glass cylinder

20, turbo factor_3) (Fig. 6). A maximum signal strength

comparison of the 2 conditions revealed that the absolute

value achieved with T1 TSE, 3366.2, was higher than that

achieved with T1 slice sel. IR (dark_fluid), 3246.9 (Fig.

7, Table 3).

An SNR comparison of T1 TSE results yielded the

following values: turbo factor_1, 33.308 dB; turbo

factor_2, 32.703 dB; turbo factor_3, 33.230 dB; and turbo

factor_4, 33.208 dB (Table 4). A similar comparison of

T1 slice sel. IR (dark_fluid) results yielded the following

SNR values: turbo factor_2, 32.831 dB; turbo factor_3,

33.153 dB; turbo factor_4, 31.892 dB; and turbo factor_5,

33.900 dB (Table 5). As a result, T1 TSE achieved best

results at turbo factor_1, with an increase in value to

33.308 dB, then exhibited a slight decrease in turbo

factor_2 and another increase in turbo factor_3. T1 slice

sel. IR (dark_fluid) gradually increased from the turbo

factor_2, with a slight decrease in turbo factor_4 (31.892

dB) before reaching a peak of 33.900 dB at turbo

factor_5.

A PSNR comparison of T1 TSE results, based on turbo

factor_1, yielded the following values: turbo factor_1, 50

Fig. 4. Measurement of T1 slice-selected inversion recovery (dark_fluid) signal intensity. (a) T1 tirm dark fluid (factor-2), (b) T1

tirm dark fluid (factor-3), (c) T1 tirm dark fluid (factor-4), (d) T1 tirm dark fluid (factor-5).
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dB; turbo factor_2, 39.3276 dB; turbo factor_3, 40.2530

dB; and turbo factor_4, 39.8237 dB (Table 4). A similar

comparison of T1 slice sel. IR (dark_fluid) PSNR values,

based on turbo factor_2, yielded the following: turbo

factor_2, 50 dB; turbo factor_3, 49.0101 dB; turbo

factor_4, 48.7432 dB; and turbo factor_5, 45.3303 dB

(Table 5). As a result, T1 TSE had the highest PSNR, 50

dB, at turbo factor_1 and the lowest PSNR, 39.3276 dB,

at turbo factor_2. T1 slice sel. IR (dark_fluid) had the

highest PSNR, 50 dB, at turbo factor_2 and the lowest

value, 45.3303 dB, at turbo factor_5.

5. Discussion

Contrast-enhanced T1-weighted images are important

primarily for the diagnosis of diseases such as brain

inflammation, abscesses, or tumors. Lesions that affect

the blood-brain barrier can destroy contrast enhancement

in the brain parenchyma, resulting in gadolinium contrast

agent movement. For the same reason, acute cerebral

infarction appears to enhance brain parenchyma contrast

in substantial brain imaging scans. However, contrast-

enhanced blood vessel blockages in areas of brain infarc-

tion reduce the intravascular blood volume, and because

of this automatic blood vascular adjustment mechanism,

contrast spreads slowly through the blood flow within a

blood vessel; following the accumulation of gadolinium

contrast agents in blood vessels and early signs of cerebral

infarction, the appearance of signal strength and infarction

symptoms are often seen in examinations performed

within 24 hours but disappear within a few days [14].

Therefore, the actual size of the enhanced signal strength

area may be very important.

We evaluated and confirmed the effect of a contrast

agent concentration via dilution on signal intensity through

a real contrast agent gadolinium phantom test, a sustain-

ability evaluation of the contrast effect by comparing

signal strengths at the maximum signal strength, and most

significantly confirmed a 0.0125-mmol dilution through-

out the imaging experiment by comparison. The factor

that increases contrast-to-noise ratio (CNR) enhancement

and image acquisition when SNR is determined is as

follows:

First, the main magnetic field is larger; SNR and CNR

indicated this increase in contrast effect in the brain (brain

tumor) and multiple sclerosis (MS) [15, 16].

Second, at a high gadolinium contrast agent concent-

ration (1 mmol/ml), SNR and CNR can be obtained for

Fig. 5. (Color online) Change of T1 turbo spin-echo (TSE) of response to contrast concentration.
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the increased image value [17, 18].

However, these studies reported only differences relative

to the main magnetic field and gadolinium concentration,

but a difference was still observed. This study evaluated

enhancement under the same physical conditions and

compared differences in the changes in signal strength

and SNR in T1-weighted images obtained with the

inspection techniques. Therefore, this study used a 3.0-T

high magnetic field device with gadolinium contrast and a

T1 relaxation rate; a greater contrast concentration (1,000

mmol/ml) was used to minimize the impact on the resting

condition.

6. Conclusions

Post-contrast T1 TSE and T1 slice sel. IR (dark_fluid)

images compared with images obtained at different turbo

factors revealed the following maximum signal strengths

during the gadolinium contrast agent phantom test: T1

TSE (glass cylinder 20, concentration of 3 mmol, turbo

factor_3) of 3366.2 and T1 slice sel. IR (dark_fluid)

(glass cylinder 25, concentration of 0.7 mmol, turbo

factor_4) of 3246.9. T1 TSE exhibited greater maximum

signal strength than did T1 slice sel. IR (dark_fluid). The

experiment further confirmed that after reaching the

Table 2. Signal intensity changes associated with contrast concentrations in T1 TSE.

Sequence T1 TSE (factor-1) T1 TSE (factor-2) T1 TSE (factor-3) T1 TSE (factor-4)

Concentration 

(mmol)
Mean SD Mean SD Mean SD Mean SD

400 5 1.7 5 2.3 6.2 2.2 4.4 2

300 5 2.1 5.4 2.4 6.1 2.1 6.7 2.4

200 4.3 1.8 4.1 1.5 4.1 1.6 4.5 1.8

100 15.1 2.4 18.1 2.4 14.5 2.6 17.2 3.4

90 26.8 1.9 32.2 2.7 28.8 2 32 4.1

80 55.5 3.2 63.6 4.8 61.8 4.2 64.3 9.7

70 101.2 3.5 116.2 6.1 110.4 5.4 120.1 10.8

60 173.4 5.3 194.5 9.4 174.9 7.2 204.2 19.7

50 315.3 12.4 342.8 19.4 300.8 14.9 348.4 45.1

40 548.3 20.8 609.4 36.3 552.6 18.1 630.1 48.6

30 934.7 38.4 1007.8 48.2 951 15.7 1047.4 53

20 1485.7 82.7 1564.2 87.2 1509.1 47.1 1598.2 69.2

10 2257.7 99.9 2329.9 105.1 2322.5 81.6 2377.6 81.1

9 2434.3 126 2516.3 125.4 2482.9 103.9 2544.7 100.9

8 2623.2 119.3 2820.2 138.5 2780.6 128.4 2864.5 113.2

7 2647.2 103 2763.3 112.1 2744.7 93.4 2799 92.6

6 2739.2 128.6 2819.9 131.4 2820.4 108.8 2842.4 111.2

5 2842.3 152.1 2914.9 157.5 2932.4 143.8 2928.7 143.8

4 2950.1 153 3034.8 160.7 3040.6 147.2 3045.9 159.1

3 3213.3 175.1 3354.6 186.3 3366.2 203.9 3349.1 192.7

2 3205.3 154 3281.5 162.6 3289.5 171.4 3254.1 176.1

1 2978.4 120.4 3040 127.2 3024.4 134.1 2965.3 147.2

0.9 2903.6 113.2 2967.9 124.3 2960.7 131 2882.1 146.4

0.8 2861.9 100.8 2947.3 107.3 2929.6 117 2853.2 127.9

0.7 3106.3 213.5 3217 224.9 3203.2 278 3113.1 254

0.6 2720.2 125.1 2810.2 134.4 2751.5 146.5 2697.5 153.2

0.5 2474.3 110.5 2563.8 119.3 2500.6 115.9 2445.7 134.3

0.4 2257.8 106.1 2359.5 113.3 2295.4 117.6 2239.3 136.2

0.3 1989.4 114.6 2098.2 125.6 2039.6 143.7 1974 139.1

0.2 1753.9 119.6 1905.3 130.3 1848.8 147.3 1779.9 140.7

0.1 1186.6 81.5 1332.5 95.4 1282.7 100.5 1224.5 100.1

0.05 873.1 61.6 1004.8 73.5 969.5 83.8 919.1 78.3

0.025 694.2 43.2 795.3 51.3 769.8 60.7 724.2 50.6

0.0125 623.8 36.2 709.2 43.3 671.9 46.7 647.4 44.1

Normal saline 474.3 25.4 553.4 31 543.2 32.9 502.4 31.9
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maximum signal strength, T1 TSE exhibited a gradual

decrease that was slower than that observed with T1 slice

sel. IR (dark_fluid). The greatest signal strengths at a

0.0125 -mmol dilution were 671.9 with T1 TSE and

252.2 with T1 slice sel. IR (dark_fluid). The contrast

effect is therefore expected to have a longer duration in

T1 TSE. When the SNR results obtained with both

techniques were compared, T1 TSE imaging exhibited a

slight difference (1%) and the highest value of 33.308 dB

at turbo factor_1, whereas T1 slice sel. IR (dark_fluid)

exhibited the highest value of 33.900 dB at turbo factor_5

and a difference of < 6%. In a PSNR comparison, T1 TSE

exhibited a difference of > 20% at the standard turbo

factor_1, with a value of 50 dB, and T1 slice sel. IR

Fig. 6. (Color online) Changes in T1 slice selected (sel.) inversion recovery (IR) (dark_fluid) in response to contrast concentration.

Fig. 7. (Color online) Comparison of T1 turbo spin-echo (TSE) and T1 slice-selected (sel.) inversion recovery (dark_fluid) accord-

ing concentration of contrast.
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Table 3. Signal intensity change associated with contrast concentration in T1 slice-selected inversion recovery (dark_fluid).

Sequence T1 tirm dark fluid (factor-2) T1 tirm dark fluid (factor-3) T1 tirm dark fluid (factor-4) T1 tirm dark fluid (factor-5))

Concentration

(mmol)
Mean SD Mean SD Mean SD Mean SD

400 4.7 2 5.1 1.7 6 2.2 5.2 1.8

300 5.8 1.8 5.5 1.9 5.4 1.7 5.9 1.8

200 4.1 1 4.7 1.7 5.5 1.6 4.2 1.3

100 6.6 2 5.4 2.1 5.2 2.1 5.4 2

90 7.8 2.3 7.1 1.8 5.2 1.4 7 1.6

80 20.5 5.5 18.3 4 13.4 3.4 19.5 5

70 46.5 8.6 40.4 5.9 29.2 5.5 43.4 6.3

60 85.9 13.9 76.6 11.7 54.4 6.7 71.9 10.7

50 180.5 24.9 162.5 26.4 122 15.9 129.1 21.3

40 355.1 73.8 318.4 73.2 229.6 48.9 275.8 358.1

30 729.6 98.6 656.6 97.4 475.5 59.7 602.2 99.9

20 1276.4 118.9 1193.5 132.9 959.1 93.5 1119.3 159.8

10 1976.4 392.7 1930.6 369.9 1799.6 299.6 1908.9 374.5

9 2147.8 405.7 2110.9 404.4 2003.5 358.1 2042.7 396.4

8 2451.3 417.9 2427.1 416.4 2338.3 365 2354.6 414.7

7 2328.8 528.6 2298.4 532.6 2221.5 488.3 2277.5 535.2

6 2444.4 255 2415.6 463.1 2359.5 421.5 2407.4 400.7

5 2575.8 359 2914.9 369.2 2533.1 337.7 2544.1 364.6

4 2742.4 251.1 2734.7 259.8 2733.1 247.8 2726.7 271.2

3 3015.7 281.4 3025.9 294.1 3062 288.2 3024.2 309.4

2 3016.6 376.8 3038.6 391.5 3119.2 386.4 3053.6 394.4

1 3017.2 505.8 3058.8 511.6 3178.2 528.5 3093 526.1

0.9 3001.1 498.1 3046.3 502.1 3177.1 523.5 3075.4 513.5

0.8 2985.7 607.7 3024 627.4 3162.1 641.8 3079.8 648.5

0.7 3070.8 862.5 3100.3 873.1 3246.9 897.1 3191.4 900.1

0.6 3043.2 334.3 3082.5 346.5 3237.4 386.2 3119.8 360.4

0.5 2870.9 274.7 2922.7 292.8 3065.6 315 2941.5 293.4

0.4 2562.1 522.9 2621 544.9 2751 548.8 2635.7 556.8

0.3 2295.1 385.1 2845.6 400.7 2469.4 405.9 2375.3 413.8

0.2 1845.7 382.7 1874.5 393.5 1976.7 401.6 1947.4 411.6

0.1 976.4 223.7 1006.4 229.1 1087.5 237.9 1013.8 233.2

0.05 541.8 69.2 569.2 74.7 598.5 78.5 555.4 67.8

0.025 293.3 63 314.6 68.8 331.6 71.9 300.4 65

0.0125 224.3 36.5 237.5 40.2 252.2 45 240.9 41.5

Normal saline 135.2 10.2 142.1 12.7 154.5 12.6 155.9 13.6

Table 4. T1 Turbo spin echo signal-to-noise ratio (SNR) and peak-to-peak SNR (PSNR).

T1 SE (factor-1) T1 TSE (factor-2) T1 TSE (factor-3) T1 TSE (factor-4)

SNR (dB) 33.308 32.703 33.230 33.208

PSNR (dB) 50 39.3276 40.2530 39.8237

Table 5. T1 slice-selected inversion recovery (IR) (dark_fluid) of signal-to-noise ratio (SNR) and peak-to-peak SNR (PSNR).

T1 tirm dark fluid (factor-2) T1 tirm dark fluid (factor-3) T1 tirm dark fluid (factor-4) T1 tirm dark fluid (factor-5)

SNR (dB) 32.831 33.153 31.892 33.900

PSNR (dB) 50 49.0101 48.7432 45.3303
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(dark_fluid) exhibited a negative difference of 50 dB, less

than the standard 10% of turbo factor_1. However, the

data were not sufficient to distinguish visible differences

between images of 30 dB or greater under all experimental

conditions.

Clinical trials have not previously conducted an experi-

ment involving a self-constructed phantom containing

gadolinium contrast agent dilutions in normal saline, and

this study had some limitations. However, the greater

value identified in this study is that obtaining the optimal

contrast effect would be useful for imaging during post-

enhancement acquisition using T1 TSE T1-weighted

images and T1 slice sel. IR (dark_fluid).
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