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Abstract:

Objective: To assess the effect of different acquisition parameters on the quality of T1-
weighted sagittal lumbar spine MRI images using manual measurements, automated
quantitative analysis, and expert visual assessment.

Materials and Methods

This was a cross-sectional study of 200 lumbar MRI scans performed with a 1.5T
Siemens Avanto. Two T1-Weighted imaging protocols that differed in TR, matrix size,

T1-Weighted MRI Image Quality gjice thickness, FOV read, and number of slices. Objective image quality metrics, signal-

Two Acquisition Protocols
Lumbar Spine Imaging

to-noise ratio (SNR), contrast-to-noise ratio (CNR), edge strength, Laplacian variance,
and entropy, were obtained. using manual measurement for ROIls, and automatic
measurement using image processing (Python). Statistical comparisons were conducted
using SPSS with a significance level of p<0.05.

Results

The second protocol (shorter TR, larger voxel size, lower spatial resolution) had a
significantly higher signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR). On the
other hand, a better edge strength was obtained with the first Protocol (longer TR, higher
resolution, smaller voxels); however, Laplacian variance and entropy showed no
statistical difference. Visual assessment by a radiologist preferred the first protocol for
tissue contrast, though both protocols were clinically acceptable.

Conclusion

An optimal MRI acquisition parameter, particularly TR, spatial resolution, and voxel
size, improves the quality of T1-weighted images in the lumbar spine. These results may
encourage optimization of protocols to balance image quality and scan efficiency.

1. Introduction

interacts with the rotational properties of hydrogen
atoms in water molecules, which comprise 80% of

Magnetic resonance imaging (MRI) is one of the
most widely used diagnostic tools in medical
imaging [1]. It is a non-invasive technique [2] that
provides detailed, high-resolution anatomical
images of the internal structures of the human body.
One of its major advantages is the use of magnetic
field instead of ionizing radiation [3], MRI is highly
effective in differentiate between various types of
tissue [4] and fluids depending on their signal
intensity characteristics [5] additionally, it is less
affected by the artifact that produces from the bones
[6] MRI is based on using a magnetic field, which

the human body's composition [7].

MRI images is created by applying a radiofrequency
pulse(RF), followed by signal generation through
resonance phenomenon, longitudinal and transverse
relaxation mechanisms, and free inductive decay
signals, which all contribute to the resulting image
contrast. [8].

The Pulse sequences are computer programs that are
used to encode the strength and timing of
radiofrequency pulses(RF) and gradient fields to
acquire image data. Common sequences includes
fast spin echo (FSE), gradient echo (GRE), steady-
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state free precession (SSFP), and echo planar
imaging (EPI) [9] In this study, two T1-weighted
imaging protocols using fast spin echo sequences are
compared.

Each MRI sequence is defined by several
parameters, including repetition time (TR) which is
defined as the time between two successive RF
pulses applied at the same part of the tissue and its
measured in milliseconds (ms), Echo time (TE) it is
defined as the time interval between applied
radiofrequency pulse and the peak of the signal is
measured in milliseconds (ms) [10]

The matrix size in magnetic resonance imaging
(MRI) refers to the number of pixels that make up a
two-dimensional image. It is represented as rows X
columns (e.g., 256 x 256) [11].

The Slice thickness refers to the depth of the image
captured during the scan, and it determines the
amount of anatomical information recorded in the z-
axis. the number of slices refers to the cross-
sectional images collected in a single scan time to
cover a specific anatomical region, and it determines
the volume of tissue scanned in the slice-selection
(2) direction [12]. These parameters collectively
determine the voxel size, which is the smallest unit
of three-dimensional spatial information in MRI
images voxel size has an important role in image
quality as larger the voxel size it improves the SNR
by averaging signals and smaller voxel size
improves the spatial resolution but degrades SNR
[20].

These acquisition parameters significantly influence
both the image quality and scan time, the image
guality can be assessed by using objective metrics
such as signal to noise ratio (SNR) and contrast-
noise ratio (CNR). SNR can be defined as the ratio
of the mean of signal intensity of the region of
interest (ROI) to the standard deviation of the noise
in the background [14] and can be given by the
equation:

mean signal of ROI

SNR = (14)

standard devition of background noise

CNR can be defined as the difference between the
mean of signal intensity of two different regions of
interest (ROI) divided by the standard devotion of
the noise in the background (8), and can be given by
the equation:

mean signal of ROI1-mean signal of ROI2

CNR =

standard devition of background noise (8)
Additional metrics include edge strength, which
guantifies the intensity gradient between pixels and
it reflects anatomical sharpness and clarity [15],
Laplace -variance, which measures image sharpness
by evaluating high-frequency content A higher
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contrast usually means that the image has better
focus and more texture information [16]; and
entropy is a statistical measure of randomness that
indicates the complexity, higher entropy indicates
richer tissue detail and tissue contrast [18] this study
aims to assess the impact of varying acquisition
parameters on the quality of T1-weighted sagittal
lumber spine Images by combining manual ROI
measurements, automated analysis using python-
based image processing, and a radiologist visual
assessment.

2. Material and Methods

This cross-sectional study was carried out in two
different centers within 6 months (October 2024 to
March 2025) on the same 1.5T Siemens Avanto MRI
scan. A total of 234 patient cases were reviewed the
mean ages of 43+£9.6. A 200 cases (112 females and
88 males) were enrolled following the exclusion
criteria of scoliosis, partial imaging, or incomplete
demographic data. Sagittal T1-weighted lumbar
spine sequences were obtained using two different
protocols differing in TR, matrix, slice thickness,
FOV read, and number of slices, Table 1. shows the
acquisition parameters for both protocols

Table 1. MRI acquisition parameters for both protocols

Parameters First protocol Second
protocol
Repetition time 834 450
(TR)(ms)
Matrix 384*288 256*154
Slice thickness(mm) 4 4.5
FOV read 335 420
Number of slices 13 10

The reliability of the images was rated in three
stages:

Manual ROIs measurement assessment:

Signal-to-noise ratio (SNR) and contrast-to-noise
ratio (CNR) were measured on RadiAnt DICOM
viewer using regions of interest (ROIs) that were
manually drawn in the vertebral body (for signal),
cerebrospinal fluid (CSF) (for contrast), and air
background area (for noise). Each ROI contained
~80 pixels as in figures 1 and 2. The mean signal
intensity and SD for the noise were recorded. Voxel
size (mm3) was calculated using the parameters
obtained from the radiant DICOM, following the
equation:

FOVx FOV y
Number of pixels X Number of pixel Y

slice thickness Z  (20)

voxel size =

Where:



Amna Saeed Qaeed , Mawada M. Funjan, Maryam Issa Al-Ani / IJCESEN 11-3(2025)5552-5558

FOVx: field of view in the read direction (FOV
read) in mm

Pixel number x: is the number of pixels in the read
direction (eg for a matrix of 384*288, the 384 is the
number of pixels in the read direction)

FOV vy: Field of view in the phase direction (FOV
phase) [mm]

Number of pixels y: The number of pixels in the
phase direction, for example, if the matrix size is
384*288, the 288 is the number of pixels in the phase
direction.

Z Slice thickness: the thickness of the slice in mm
or the Z-direction.

Figure 1. Shows ROIs in th first protocol in T1-
weighted

Figure 2. Shows the ROIs for the second protocol in T1-
weighted.

Automated Image Processing Analysis

An automatic image reader was generated: (Python
NumPy, OpenCV, Scikit-Image) to calculate
automatic image quality metrics. As in Figure 3., the
MRI images were exported in lossless PNG format
and then transformed to grayscale. Binary masks
were then applied to define regions of interest
(ROISs) in the vertebral body and CSF, and to exclude
surrounding tissues. The signal ROl was located
inside the vertebral body, and the CSF provided
contrast area for CNR measurement. Background
noise was measured in a homogeneous air region
outside of the patient’s body. Each ROI was defined
using binary masks (1 = ROI, 0 = background) and
allowed for pixel-based extraction of the values.
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From these regions, the script calculated the
following quality measures: Signal-to-Noise Ratio
(SNR), CNR (Contrast-to-Noise Ratio),
EdgeStrength, Laplacian Variance, and Entropy.

B - (N -
IS
s e - (R

Figure 3. Workflow for MRI image preprocessing and
feature extraction using python

Visual assessment by a radiologist

The quantitative analysis was complemented by a
subjective evaluation of image quality by an
experienced  radiologist on a  structured-
questionnaire basis. This assessment was performed
by blinded image set reviews for images from T1-
weighted sequences obtained using two different
protocols. The Radiologist rated each image
independently.

Statistical Analysis

All quality image data were analyzed with SPSS
(version 26). Continuous variables were summarized
by means and standard deviations. Normality was
checked by the Kolmogorov—Smirnov test, and the
normality was confirmed, so the parametric tests
could be employed. An independent sample T-test
was used for quantitative comparison, and
categorical visual score comparison was conducted
with Chi-square test. Values of p < 0.05 were
considered to be statistically significant.

3. Result

On vertebral level, the manual measurements
showed significant differences in signal-to-noise
ratio (SNR) and contrast-to-noise ratio (CNR)
between the two protocols. In the vertebral body, the
first protocol resulted in a mean SNR of 70.69 +
29.28 while the second protocol provided a
significantly higher SNR of 552.45 + 314.97 (p <
0.001). The mean SNR for CSF using the first and
second protocols was 32.29 + 16.44 and 186.31 +
118.87, respectively (p < 0.001), table 2. For CNR,
protocol 1 obtained a mean value of 38.40 + 25.28,
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while in protocol 2 the mean was significantly higher
at 306.65 = 190.31 (p <0.001), table 3. These results
demonstrate a stable and statistically significant
enhancement of the signal and contrast
characteristics of the second imaging protocol. The
calculated voxel sizes were 1.21 mm? for the first
Protocol and 4.79 mm? for the second Protocol.
These differences are a product of the resolution
matrix, field of view (FOV), and slice thickness used
in the two protocols.

Trends were similar when assessed with automated
image quality analysis. Table 4. shows that the SNR
(1.15 £ 0.14) and CNR (5.43 £ 0.48) of the second
protocol were significantly higher when compared to
the first protocol (SNR =1.01 £0.13; CNR =4.87 +
0.41) in both cases (p < 0.001). Edge strength was
additionally greater within the first protocol (7.44 +
0.79 versus 5.74 £ 0.71, p < 0.001). However,
Laplacian variance (328.63 + 48.55 vs. 322.03 =
93.24, p = 0.475) and entropy (3.11 £ 0.39 vs. 3.14
+ 0.19, p = 0.444) did not differ significantly
between the two groups. These findings indicate that
the first and second protocols gave similar levels of
image texture and complexity, although the former
protocol resulted in a higher edge sharpness and
contrast.  Radiologist's visual assessment also
supported the interpretation of image quality
variations. Anatomical clarity and acquisition time
were rated (good), and they were equivalent between
the two protocols, but the first protocol received a
higher rating for tissue contrast (sharp) relative to the
second Protocol (moderate). This is consistent with
the edge strength and contrast measures. The first
protocol acquisitions were 6.53 minutes long against
4 minutes long for the second protocol, supporting
the good practical efficiency of the second protocol
with a minor loss in the visual quality.

Table 2. Independent sample T-test between T1-weighted
protocols and signal to noise ratio (SNR) using manual
ROIs measurement

(ROI) | Protoco SNR Significanc
| e
Mean SD
Vertebr First 70.69 | 29.28 p- value <
a 80 0.001
second | 552.45 | 314.97
CSF 80 First 32.29 | 16.44 p- value <
0.001
second | 186.3 | 118.8
1 7

Table 3. Independent sample T-test between T1-weighted
protocols and signal to noise ratio (CNR) using manual
ROIs measurement

Protocol type CNR Significance
Mean | SD

First protocol 38.40 | 25.28 | p-value <0.001

Second protocol | 306.65 | 190.31 | p- value < 0.001

Table 4. Independent sample T-test between T1-weighted
protocols and SNR, CNR, Edge-strength, Laplacian-var,
and entropy using Automated Image Processing Analysis

Protocol | mean | SD Significance
First 1.01 0.13 | p- value <
SNR Second | 1.15 | 0.4 | 9001
First 4.87 041 |p- value <
CAR Second | 5.43 0.48 0.001
Edge First 7.44 0.79 | p- value <
Strength 0.001
Second | 5.74 0.71
Laplacian_ First 328.63 | 4855 | p- value =
Var 0.475
Second | 322.03 | 93.24
First 3.11 039 |p- value =
Entropy 0.444
Second 3.14 0.19
600
500
400
300
200
v J
o 1N
SNR vertebra SNR CSF CNR

| first protocol M second protocol

Figure 4. Mean values of SNR and CNR using Manual
ROIs measurement.
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Figure 5. Mean values of SNR and CNR using
Automated Image Processing Analysis
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Figure 6. Mean values of edge-strength and entropy
using Automated Image Processing Analysis

330,00 328,63
328,00
326,00
324,00
322,00
320,00
318,00

322,03

protocoll protocol2

Figure 7. Mean values of Laplacian-var using
Automated Image Processing Analysis

scan time(mint)

first protocol second protocol

o N B O

Figure 8. Scan time for both protocols

5556

4. Discussion

The results demonstrated a trade-off between voxel
size (spatial resolution) and the signal intensity in
both T1-weighted imaging protocols with regard to
the image quality. Both manual and automated
measurements showed that the protocol with shorter
TR and larger voxel size provided higher SNR and
CNR, regardless of the measurement methods.
Enhancements in signal quality are primarily due to
the increase in the voxel size, which inherently
contains more protons per unit volume, resulting in
an improvement in signal intensity[14].

This signal gain, however, was not achieved without
a loss of spatial resolution. in both Laplacian
variance and entropy, the protocol with smaller
voxel sizes and higher spatial resolution had better
performance in edge sharpness, and the result was
supported by edge strength measures for both
methods. These measures relate to the ability of an
image to preserve high-frequency details and
textural complexity [16], both of which are
important in the detection of subtle structural
differences in the lumber spine.

It is expected that the smallest TR produces the best
signal recovery and SNR was in fact dominated by
voxel size [12]. The longer TR protocol with a
smaller voxel size, however, exhibited the lower
SNR, demonstrating how spatial resolution can
impact signal performance in a counterintuitive way
in practice. Furthermore, the manual and the
automatic results also showed that the signal
features of the vertebral body and the cerebrospinal
fluid (CSF) were uniformly affected, indicating that
the observed behavior appears to be common across
different tissues.

These findings were additionally confirmed by the
visual evaluation of a radiologist. Fair to good image
quality and diagnostic certainty were achieved with
both protocols, with the high-resolution protocol
being preferred for tissue contrast. This observation
has clinical relevance, as it may affect a given patient
even when overall SNR and CNR measures appear
unchanged. When examining the spine, where small
lesions and fine anatomical margins are of diagnostic
importance, the increase in the sharpness of the
tissue delineation may take precedence over the
increase in signal intensity.

From a time point of view, the higher resolution
protocol entailed more slices and an increased
number of encoding steps and, therefore, a slightly
longer overall scan time. This was considered
clinically acceptable by the radiologist and did not
compromise diagnostic use; however, this does
signal possible optimization of speed for image
fidelity trade-offs.

4, Conclusion
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One of the protocols had a numerical advantage in
signal metrics, while the other signal protocol was
superior in  structural  representation.  This
emphasizes the need to optimize MRI acquisition
properties not only to maximize signal but also to
maintain diagnostic detail.
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