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Abstract—Magnetic Resonance Imaging (MRI) is an
essential diagnostic tool, but 2 high acoustics noise levels
generated during scanning can cause patient
discomfort, anxiety, and even hearing damage. This
review explores various noise reduction strategies to
enhance patient experience and optimize imaging
performance. Key approaches include acoustic shielding
and damping materials, optimized gradient coil design,
and silent or whisper imaging sequences. Active noise
cancellation (ANC) techniques and patient-specific
noise protection, such as earplugs and MRI-compatible
headphones, further mitigate sound exposure.
Additionally, advancements in gradient switching
technology help balance noise reduction with imaging
efficiency. Implementing these strategies improve
patient compliance, reduces motion artifacts, and
enhances the overall diagnostic quality of MRI.
Magnetic Resonance Imaging (MRI) is a crucial
diagnostic tool, but the high acoustic noise generated
during scanning poses challenges for patient comfort
and image quality. This noise, primarily caused by
rapid gradient coil switching, can lead to patient
anxiety, hearing damage, and motion artifacts. Various
noise reduction strategies have been developed,
including passive methods such as acoustic shielding,
ear protection, and gradient coil damping, as well as
active noise control techniques like optimized pulse
sequences and active noise cancellation (ANC) systems.
Additionally, silent MRI techniques, such as ultra-low
gradient switching and modified acquisition schemes,
have emerged as promising solutions. This paper
explores these strategies, their effectiveness, and
potential future advancements to improve patient
experience and diagnostic accuracy in MRI.

Index  Terms—acousticnoise.  (AN)gradient coils.

(grads), lorentz forces. (F) active noise cancellation
(ANC)
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I. INTRODUCTION

Magnetic Resonance Imaging (MRI) is a widely used
non-invasive imaging modality

that provides high-resolution anatomical and
functional images. However, one of the

major drawbacks of MRI is the high acoustic noise
generated during scanning,

primarily due to rapid gradient coil switching within
the strong magnetic field. Noise

levels in MRI can exceed 110 dB, comparable to the
sound of a jackhammer, which

may cause patient discomfort, anxiety, and, in some
cases, temporary or permanent

hearing impairment.

Reducing MRI noise is crucial for improving patient
experience, minimizing motion

artifacts, and ensuring high-quality imaging. Various
noise reduction strategies have

been  developed, ranging from  hardware
modifications, such as improved gradient coil

designs and acoustic shielding, to software-based
solutions like silent imaging

sequences and active noise cancellation (ANC)
techniques. Additionally, patient

centered approaches, such as providing ear protection
and optimizing scanning

protocols, further enhance noise reduction
efforts.Magnetic Resonance Imaging (MRI) is a
widely used medical imaging technique but it suffers
from noise that can degrade image quality. To
improve diagnostic accuracy, various noise reduction
techniques have been developed.Noise reduction in
MRI machines is crucial for patient comfort and
image quality.

Noise reduction strategies are crucial in Magnetic
Resonance Imaging (MRI) machines to improve
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image quality and diagnostic accuracy. Some

common noise reduction strategies in MRI include:

1. Spatial smoothing: Applying a low-pass filter to
neighboring pixels to reduce noise.

2. Temporal averaging: Averaging multiple
measurements to reduce noise and improve
signal-to-noise ratio.

3. Independent Component Analysis (ICA):
Identifying and removing noise components
from the image.

4. Deep learning-based methods: Using neural
networks to learn noise patterns and remove
them from the image.

These strategies can significantly improve MRI

image quality and enable more accurate diagnoses.

Principle of Noise Reduction Strategies in MRI

Magnetic Resonance Imaging (MRI) is a non-

invasive imaging modality that produces

detailed anatomical and functional images. However,

one of the major challenges in

MRI is the high acoustic noise generated during

scanning. This noise, reaching levels

of 100-130 dB is primarily caused by the rapid

switching of gradient coils, leading to

mechanical vibrations.

Noise reduction strategies in MRI are based on

several key principles that aim to

minimize the impact of noise on patient comfort,

hearing safety, and image quality.

These principles can be categorized into passive,

active, and advanced noise control

strategies all of which focus on reducing noise

generation, transmission, or perception.

Here are some noise reduction strategies

1. Passive Noise Reduction Strategies

These strategies aim to reduce noise transmission to

the patient:

- Soundproofing Materials:

- Acoustic dampening materials inside the scanner

bore minimize noise propagation.

- Patient Ear Protection: Foam earplugs and noise-

canceling headphones reduce

sound exposure by 15-40 dB.

2. Active Noise Reduction Strategies

These techniques focus on reducing noise at the
source:

- *Quiet MRI Sequences: * Techniques like
PROPELLER, SoftTone, and Whisper
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sequences modify gradient waveforms to lower noise
without compromising image

quality.

- Gradient Coil Design Modifications:

- Optimized gradient coils with alternative
geometries and materials reduce

mechanical vibrations.

3. Advanced Noise Cancellation Technologies

These involve real-time noise  suppression
mechanisms:

- Active Noise Cancellation (ANC):

- Uses phase-inverted sound waves through
headphones to counteract scanner noise.

- Silent MRI:

- A combination of ultrafast imaging and modified
readout gradients (e.g., Zero Echo

Time (ZTE) and SilentScan) significantly reduces
noise.

4. Environmental and Patient-Centered Approaches

- *Scanner Room Design: * Acoustic shielding in
MRI suites minimizes noise

transmission to adjacent areas.

- Patient Comfort Measures:

- Music and communication systems improve patient
experience and reduce motion

related noise artifacts.

5. Sequence Optimization:

MRI machines create images by using magnetic
fields and radio waves in specific

patterns called sequences Some sequences produce
loud noises because of the rapid

switching of magnetic fields. Then Adjusting MRI
sequences to reduce acoustic noise

without compromising image quality e.g using
quieter versions of standard sequences

like Turbo Spin Echo (TSE) and Gradient Echo
(GRE)

6. Passive Ear Protection:

MRI machines are very loud because of the rapid
switching of magnetic fields which

creates strong vibrations. The noise can reach levels
of 100-130 decibels (as loud as

a jet engine) which may cause discomfort or even
hearing damage. Providing patients
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with earplugs or noise canceling headphones to
reduce the impact of loud noises

7. Gradient Coil Design:

Redesigning gradient coils to minimize vibrations
that cause noise This can include

using mechanical dampening materials and sealing
the coils in vacuum chambers

Development of silent MRI sequences such as GE’s
Silent Scan and Siemens’ Quiet

Suite that works in conjunction with optimized
gradient coils to reduce noise. Use of novel materials
like composite materials and lightweight dampening
structures to

decrease mechanical vibrations.

8. Antiphase Noise:

Anti-phase noise is a special technique that reduces
this noise by canceling it out with

an opposite sound wave. Implementing antiphase
noise techniques to cancel out the

acoustic noise generated by the MRI machine

9. Cooling Techniques:

MRI machines get very hot because they use
powerful electric currents in them

gradient coils. This heat can cause materials to
expand and vibrate, creating loud

noises. Cooling techniques help control the
temperature, reducing vibrations and

noise. By using efficient cooling methods to reduce
heat and noise generated by

gradient coils

10. Software Algorithms:

MRI images often contain unwanted noise due to the
machine’s operation, patient

movement, and electronic interference. Software
algorithms help remove or reduce

noise while keeping the images clear. Developing
algorithms that optimize gradient

time to reduce noise while maintaining diagnostic
image quality

. These strategies help create a more patient friendly
MRI experience especially for

vulnerable groups like children, the elderly, and those
with anxiety
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1. DISCUSSION

A common non-invasive diagnostic technique in
medical imaging is magnetic resonance imaging
(MRI). The considerable acoustic noise produced
during scanning, however, continues to pose a serious
risk to image quality and patient comfort. The
frequent switching of gradient coils, which causes
vibrations in the scanner's structure and surrounding
air, is the main source of this noise. Reducing motion
artifacts, limiting patient pain, and increasing scan
efficiency all depend on resolving this problem.To
reduce MRI noise, a number of tactics have been
used. Structural changes like acoustic shielding,
sound-absorbing materials, and improved scanner
housing are examples of passive noise reduction
techniques. Although the source of the noise is not
eliminated, these methods aid in reducing its
transmission. Comfort is further improved by patient-
centered solutions like communication systems,
noise-canceling headphones, and earplugs.

To reduce MRI noise, a number of tactics have been
used. Structural changes like acoustic shielding,
sound-absorbing materials, and improved scanner
housing are examples of passive noise reduction
techniques. Although the source of the noise is not
eliminated, these methods aid in reducing its
transmission. Furthermore, patient-centered options
that improve comfort without compromising imaging
performance include communication systems, noise-
canceling headphones, and earplugs.Technological
developments that specifically target noise generation
are part of active noise reduction strategies.
Optimized pulse sequences, such as silent MRI
procedures, have been created to minimize gradient
coil switching noise. Anti-phase sound waves
produced by active noise cancellation systems have
demonstrated potential in lowering the perceived
noise level for patients within the scanner.
Additionally, it has been investigated to alter the
gradient coil design by employing vibration-damped
or self-shielded coils.Despite the advancements in
noise reduction, limitations persist. The balance
between noise reduction and imaging efficiency is
critical, as some strategies may compromise scan
speed or resolution. Additionally, cost implications
and technical feasibility must be considered when
implementing noise reduction techniques across
different MRI systems. Future research should focus
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on optimizing silent imaging techniques, developing
more effective ANC solutions, and integrating
machine learning for adaptive noise control.

In conclusion, reducing MRI noise is essential for
improving patient experience and diagnostic
accuracy. A combination of passive and active noise
reduction methods, along with emerging silent MRI
technologies, offers a comprehensive approach to
mitigating acoustic noise. Continued advancements
in this field will enhance the accessibility and
effectiveness of MRI scanning, benefiting both
patients and healthcare professionals.

I11. CONCLUSION

MRI noise reduction is critical for patient safety and
comfort. A combination of passive,

active, and advanced noise cancellation techniques
continues to evolve, making MRI

scans more tolerable and improving overall imaging
quality. Further research and

technological advancements will enhance these
strategies for future MRI systems.Improving image
quality, lowering anxiety, and increasing patient
comfort all depend on MRI equipment making less
noise. Numerous approaches have demonstrated
notable efficacy, including active strategies like
gradient coil optimization and active noise
cancellation as well as passive ones like ear
protection and acoustic shielding. Furthermore, by
reducing gradient switching and rearranging pulse
sequences, new silent MRI technologies present
encouraging breakthroughs. Even though these
methods have enhanced the MRI experience, more
research is needed to maximize noise reduction
without sacrificing scan efficiency or image quality.
Future advancements in  machine learning,
sophisticated signal processing, and hardware design
could result in even quieter MRI devices, improving
patient compliance and diagnostic precision.
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