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Objective: Infants are vulnerable to high acoustic
noise. Acoustic noise generated by MR scanning can be
reduced by a silent sequence. The purpose of this study
is to compare the image quality of the conventional and
silent T2 PROPELLER sequences for brain imaging in
infants.
Methods: A total of 36 scans were acquired from 24
infants using a 3 T MR scanner. Each patient underwent
both conventional and silent T2 PROPELLER sequences.
Acoustic noise level was measured. Quantitative and
qualitative assessments were performed with the images
taken with each sequence.
Results: The sound pressure level of the conventional T2
PROPELLER imaging sequence was 92.1 dB and that of
the silent T2 PROPELLER imaging sequence was 73.3 dB
(reduction of 20%). On quantitative assessment, the

two sequences (conventional vs silent T2 PROPELLER)
did not show significant difference in relative contrast
(0.069 vs 0.068, p value = 0.536) and signal-to-noise
ratio (75.4 vs 114.8, p value = 0.098). Qualitative assessment of overall image quality (p value = 0.572), greywhite differentiation (p value = 0.986), shunt-related
artefact (p value > 0.999), motion artefact (p value =
0.801) and myelination degree in different brain regions
(p values ≥ 0.092) did not show significant difference
between the two sequences.
Conclusion: The silent T2 PROPELLER sequence reduces
acoustic noise and generated comparable image quality
to that of the conventional sequence.
Advances in knowledge: This is the first report to
compare silent T2 PROPELLER images with that of
conventional T2 PROPELLER images in children.

Introduction
MRI scanning generates acoustic noise and its clinical importance is well documented.1–3 The noise generally results
in patients’ anxiety and disturbs communication between
radiographers.1,2 If the ear is not properly protected during
scanning, transient hearing impairment could occur.3 For
these reasons, ear protection is provided during MRI scanning. Although children are more vulnerable to acoustic noise
of MRI scanner,4 many institutions cannot provide proper ear
protection due to the lack of suitable earplugs for this population. More importantly, since children are more likely to
undergo sedation during scanning, controlling noise level to
the lowest level is important to sustain sedation.5

applying a band-width limited soft gradient pulse.13 The most
recent clinical applicable technique that shows a considerable
amount of noise reduction is the silent PROPELLER technique.14 The PROPELLER technique acquires data in a series
of concentric blades and can compensate for head motion.15
By optimizing the gradient waveform with fewer changes in
excitation levels, it is possible to reduce the acoustic noise
generated by the sequence.14,16 With slightly longer scanning
time, the spatial-resolution-matched silent technique resulted
in images of comparable quality to conventional PROPELLER
images in terms of overall image quality and grey matter–
white matter differentiation.14

Acoustic noise during MRI scanning is due to vibration of
the gradient coil. The vibrations produce an air compression
wave and result in the acoustic noise of the scanner.6–8 Techniques have been introduced to reduce acoustic noise such
as implementing a noise control method that could reduce
the bore diameter,9,10 filtering the gradient waveform,11,12 or

There was one previous study comparing images of the silent
T1 and T2 weighted image (T1WI, T2WI) PROPELLER
technique with that of T1WI spin echo and T2WI fast
spin-echo sequences in children in terms of myelination
degree.17 The study compared both the sequences that
were acquired by different imaging planes, slice thickness,
or matrix, which made hard to match the quality of silent
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PROPELLER imaging. In addition, the study included patients of
a wide age range. Therefore, the aim of this study was to compare
the image quality of the silent T2 PROPELLER sequence with
that of the conventional T2 PROPELLER sequence in infants.
Methods and materials
Patients
After obtaining institutional review board approval, we
conducted a retrospective review of all brain MRI examinations
that included both conventional T2 PROPELLER and silent
T2 PROPELLER. The requirement for informed consent was
waived. We included 34 patients who are under 2-years-old from
April 2016 and November 2016. Among the patients, 10 patients
were excluded due to lack of proper brain tissue to assess image
quality from severe hydrocephalus or encephalomalacia. Therefore, 24 infants (14 males and 10 females) with 36 MRI scanning
were included in this study. The mean age of patients at the time
of MRI scanning was 8.8 ± 6.0 months (range: 1–23 months).
Among 36 MRI scans, 21 cases had the shunt-related artefact and
18 cases had the intracranial haemorrhage. Among cases with
the shunt-related artefact, 13 cases had metallic shunt valve and
4 cases had shunts without metallic valves.
All the patients underwent brain MRI for as part of routine
clinical care and all infants were given ear protective equipment
when undergoing MR examination. All the patients were sedated
for MRI examination.
MRI protocol
All scans were acquired using a 3 T MRI scanner (GE MRI 750 w,
GE Healthcare, Milwaukee, WI). The axial slices of the two
scans were obtained through the brain, parallel to the anterior
commissure-posterior commissure line. The same slice location
was used for each pair-wise comparison. The sequences were
obtained using a 32-channel head coil. Sequence parameters are
summarized in Table 1.
Table 1. MRI acquisition parameters

T2
PROPELLER

Silent T2
PROPELLER

TR (ms)

3906

3608

TE (ms)

117

124

20 × 20

20 × 20

Field-of-view (cm)
Matrix

352 × 352

352 × 352

Slice thickness (mm)

5

5

Slice gap (mm)

0

0

Bandwidth (Khz)

41.6

41.6

Refocus flip angle

160

160

Echo-train length

32

20

Number of excitations

1.5

1.5

2

2

1:34

2:17

Acceleration factor
Scan time (min)
TE, echo time; TR, repetition time.
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Acoustic noise
The noise was measured using a sound level meter (TES-1350A,
TES Electrical Electronic Corporation Taipei, Taiwan). The
sound level meter was placed on the patient table of MR scanner,
3 m outside from where the patient’s ear might during the scanning. Noise level was measured for 30 s and averaged before
scanning to measure background level. During each sequence,
the same measurement was done for 30 s and averaged. Two
parameters are then calculated:
(1) Sound pressure level difference: ΔL = conventional T2
PROPELLER sequence sound level (dB) – silent T2
PROPELLER sequence sound level (dB)
(2) Loudness factor: LF = 2∆L/10
Sound pressure level is the sound field quantity of a sound in
a surrounded space caused by a sound source. Loudness is the
sound level as perceived by an observer, so it represents the
subjective perception of sound pressure.18
Quantitative image quality
Quantitative image evaluation was done by drawing region
of interest by one radiologist with 7 years of experience. The
regions of interest were drawn in the frontal white matter (WM)
and deep grey matter (GM) of caudate head. Relative contrast
was calculated using the following equation:
[
]
SIWM − SIGM

Relative contrast = abs
SIWM + SIGM
where SIWM is signal intensity (SI) in the WM and SIGM is SI in
the GM. Signal intensity was measured at the level of foramen
Monro.
Signal-to-noise ratio (SNR) was calculated using the following
equation:
SNR =

SIGM

SDAir

where SDAir is standard deviation value measured outside the
cranial vault.
Qualitative image quality
For qualitative analysis, images acquired with T2 PROPELLER
and silent T2 PROPELLER was reviewed by two radiologists:
Radiologist 1 and Radiologist 2 with 7 and 14 years of experience, respectively. The radiologists were blinded to the two sets
of images. The images were displayed using PACS in our institution. Each radiologist independently assessed and graded the
image quality based on the following parameters: overall diagnostic quality, gray-white differentiation, shunt-related artefact,
detection of intracranial haemorrhage, motion artefact, and
lesion localization. We used a 3-point scale for overall diagnostic
quality: (1) poor/non-diagnostic; (2) average and (3) excellent.
Grey-white differentiation, detection of intracranial haemorrhage and lesion localization were graded as (1) poor delineation;
(2) average delineation and (3) excellent delineation. Shunt-related and motion artefact parameters were graded as (1) severe
artefact with poor image quality; (2) average image quality and
(3) excellent image quality without artefact. For shunt-related

Br J Radiol;91:20170680

BJR

Full paper: Silent T2 PROPELLER in infant brain

artefact and detection of intracranial haemorrhage assessment,
cases without shunt or haemorrhage were not graded.
For myelination degree assessment, the following anatomical
locations were used: (1) middle cerebellar peduncle, (2) posterior
limb of internal capsule, (3) anterior limb of internal capsule, (4)
genu of corpus callosum, (5) splenium of corpus callosum, (6)
frontal WM, (7) occipital WM, (8) parietal WM and (9) centrum
semiovale. We used a 3-point scale for myelination: 0, no myelination; 1, intermediate myelination and 2, full myelination.
Statistics
We compared variables for quantitative and qualitative image
quality between the conventional T2 PROPELLER and silent T2
PROPELLER groups. The paired t-test was used for quantitative
image quality variables of relative contrast and SNR comparison.
The McNemar–Bowker test was used to compare the qualitative
image quality between the two sequences using a 3-point scale.
A p-value less than 0.05 was considered statistically significant.
SPSS v.23.0 (SPSS, Chicago, IL) and SAS 9.4 (SAS Institute Inc.,
Cary, NC) was used for analysis.
Results
Acoustic noise
The sound pressure level of background before scanning was
67.5 dB. The sound pressure level of T2 PROPELLER imaging
sequences was 92.1 dB and that of silent T2 PROPELLER

imaging sequences was 73.3 dB. Therefore, the sound pressure
level difference between the conventional and quiet sequences
was 18.8 dB (20% reduction). The sound pressure level measured
during silent T2 PROPELLER sequences was 5.8 dB higher than
the background. The difference of loudness factor was 3.7.
Quantitative analysis
Relative contrast and SNR of the two sequences did not show a
significant difference. The mean ± standard deviation of relative
contrast of silent T2 PROPELLER imaging and T2 PROPELLER
were 0.068 ± 0.087 and 0.069 ± 0.084, respectively (p-value
= 0.536). The mean ± standard deviation of SNR of silent T2
PROPELLER and that of T2 PROPELLER imaging were 114.8 ±
151.2 and 75.4 ± 27.6, respectively (p value = 0.098).
Qualitative analysis
On image quality assessment, all the six parameters showed no
significant difference between the two sequences by the two
radiologists (Table 2). In terms of overall diagnostic quality, all
the 36 cases for T2 PROPELLER imaging were excellent. For
silent T2 PROPELLER imaging, Radiologist 1 rated two cases
as average quality and Radiologist 2 rated four cases as average
quality. No cases were rated as poor for the overall image quality
assessment. The image quality for the detection of intracranial
haemorrhage or lesion localization was excellent in all the cases
by the two radiologists. Example images are in Figures 1 and 2.

Table 2. Qualitative image quality analysis of the T2 PROPELLER and silent T2 PROPELLER sequences

Radiologist 1
T2
PROPELLER

Radiologist 2

Silent T2
PROPELLER

p-value

T2
PROPELLER

Silent T2
PROPELLER

p-value

Image quality
 Overall diagnostic quality

0/0/36

0/2/34

0.572

0/0/36

0/4/32

0.261

 Grey-white differentiation

0/3/33

0/4/32

0.986

0/0/36

0/1/35

0.801

 Shunt-related artefact

13/0/7

13/0/7

>0.999

1/12/7

1/12/7

>0.999

 Intracranial haemorrhage
detection

0/0/17

0/0/17

>0.999

0/0/17

0/0/17

>0.999

 Motion artefact

0/0/36

0/1/35

0.801

0/2/34

0/1/35

0.954

 Lesion localization

0/0/36

0/0/36

>0.999

0/0/36

0/0/36

>0.999

Myelination degree
 Middle cerebellar peduncle

0/0/36

0/0/36

>0.999

0/0/36

0/0/36

>0.999

 Posterior limb of internal capsule

0/3/33

0/3/33

>0.999

0/4/32

0/4/32

>0.999

 Anterior limb of internal capsule

11/13/12

10/18/8

0.228

14/6/16

14/6/16

>0.999

12/7/15

5/16/13

0.092

0/8/26

0/8/26

>0.999

4/9/15

0/12/16

0.228

3/2/23

3/2/23

>0.999

 Genu of corpus callosum
 Splenium of corpus callosum
 Frontal white matter

18/12/6

18/13/5

0.801

23/7/6

23/7/6

>0.999

 Occipital white matter

15/11/10

13/16/7

0.261

17/2/17

18/2/16

0.572

 Parietal white matter

18/11/7

21/9/6

0.261

18/5/13

18/6/12

0.801

 Centrum semiovale

0/10/26

0/11/25

0.954

0/0/36

1/0/35

0.801

Number of cases graded in 3-point scale are presented in order; Image quality, 1 point/2 point/3 point; myelination degree, 0 point/1 point/2 point.
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Figure 1. A 10-month-old infant. Comparison images of the
conventional (a) and silent (b) T2 PROPELLER sequence are
shown.

PROPELLER). Frontal and parietal WM were the least myelinated regions by the two radiologists.
Discussion
We compared the silent T2 PROPELLER imaging with that of
conventional T2 PROPELLER imaging in infants. Reduction of
acoustic noise by 20% with the silent technique was possible and
the image acquired with the silent sequence was comparable to
that of conventional T2 PROPELLER.

For shunt-related artefact, 13 cases with intracranial signal
loss were rated as poor or average by the two radiologists. The
remaining 7 cases without intracranial signal loss were rated
excellent by the two radiologists.
In the myelination degree assessment, no anatomic region showed
a significant difference between the two sequences (Table 2).
The development pattern of myelination followed the know
spatiotemporal course in the two sequences. Middle cerebellar
peduncle and posterior limb of internal capsule were graded as
“intermediate to full myelination” in all the 36 cases including
the case of the 1-month-old neonate in the both sequences by the
two radiologists. Centrum semiovale was graded as “intermediate to full myelination” in all the cases, except for the one case
with the silent T2 PROPELLER sequence by Radiologist 2. Anterior limb of internal capsule showed myelination in infants who
were 4 months or older. The number of cases graded as “intermediate to full myelination” in anterior limb of internal capsule
were 25–26 cases by Radiologist 1 and 22 cases by Radiologist
2. Genu and splenium of corpus callosum were graded as “full
myelination” in patients 9 months or older. Myelination degree
assessment in corpus callosum varied in patients under 9 months
of age by Radiologist 1 (intermediate to full myelination; 22 cases
with conventional T2 PROPELLER and 29 cases with silent T2
Figure 2. A 2-month-old infant with intraventricular haemorrhagic residuals (arrows) and thinning of corpus callosum.
Comparison images of the conventional (a) and silent (b) T2
PROPELLER sequence are shown.

It is predictable that lower acoustic noise level will disrupt sedation less during scanning.5 Therefore, scanners or sequences
with low acoustic noise should be used for the paediatric population and adequate hearing protective devices should be used
during scanning. Several MRI system vendors have provided
noise-reduction systems, such as vacuum-sealed gradient chambers to diminish the mechanical vibration.10 Another way of
reducing acoustic noise is to mask the noise by MRI-compatible
audio systems. However, this system has no significant effect
in infants.19 As less sedation is more important in neonates
because growing evidence suggests that sedation in this population induces neuronal apoptosis and apnea,20,21 a more universal
application to reduce acoustic noise by adjusting image techniques was thought necessary. Therefore, a method to optimize
gradient waveforms was developed and the sequence is called
either the “Silent” or “Quiet” sequence.14,16,22 The technique has
been applied to T1WI, T2WI and FLAIR,14,17 but not yet in other
sequences such as DWI.
The sound reduction rate of ours (20%) is similar to the previous
study comparing silent T2 PROPELLER and conventional T2
PROPELLER in adults (26% reduction). However, the absolute
noise level differs from the previous study. The relatively lower
sound pressure level of the T2 PROPELLER sequence in our
results compared to that of the previous study (conventional
sequence; 92 vs 101 dB) is probably due to the longer distance
from the bore to the sound level meter placement. The acoustic
noise level is affected by z-direction from the bore entrance and
the level of field-strength;23 closed to the bore and higher fieldstrength results in higher acoustic noise level. On the other hand,
the sound level of the silent T2 PROPELLER sequence in our
study was higher compared to the previous study using the same
3.0 T MR scanner (73.3 vs 59.0 dB).17 This is possibly because
of the higher back ground sound level in our MRI scanning
room compared to the previous study (67.5 vs 52.4 dB). The
73.3 dB of scanning sound pressure level was comparable to that
of permitted level of transient sound level (70 dB) in neonatal
intensive care unit of staff work areas.24 Given that infants are
having proper ear protection during scanning, which reduces
noise by 10–30 dB, the actual sound level during the scanning
would be around 40–60 dB, which is close to the normal conversational level of 50–60 dB.25
The comparable image quality using the silent T2 PROPELLER
technique is consistent with previous studies.14,22 The first study
that applied the silent T2 PROPELLER technique in a clinical
practice evaluated 34 adults with 1.5 T MR scanner.14 The study
applied spatial-resolution-matched silent sequence and showed
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similar qualitative scores of the images taken with the conventional and silent sequences. Following the study, there was the
study using the silent T2 PROPELLER technique using 3.0 T MR
scanner for children.22 The study used the T2 FSE sequence as a
conventional sequence and used different scanning parameters
(i.e. different imaging plane, matrix, and slice thickness in the
two sequences) and concluded that silent T2 PROPELLER is
comparable to the conventional sequence. Our study is the only
study that compared spatial-resolution-matched conventional
and silent T2 PROPELLER sequences in infants. Both quantitative and qualitative parameters were comparable in images taken
with the two sequences. Although it was statistically not significant, SNR was higher in the silent T2 PROPELLER technique.
Even higher SNR could have been achieved with longer TR or
higher number of excitations, but this was undesirable since
longer scanning time is already one major disadvantage of using
the silent sequence.
In terms of acquisition parameters, the difference in scanning
time between the conventional and silent T2 PROPELLER
sequences was 43 s. Although there is a protective effect of
motion artefact using the PROPELLER sequence, an acquisition
time that is 45% longer compared to the conventional sequence
raises concern on issues such as increased risk of motion and
additional usage of sedative agents. In fact, the PROPELLER
sequence itself is robust to motion artifacts compared to the spin
echo technique.15,17 The ETL differed between the two sequences
(32 vs 20) as well. When setting the TR/TE and ETL of the silent
T2 PROPELLER sequence, there were inevitable alterations
from the conventional T2 PROPELLER sequence. We wanted
to compare the two sequences with a similar TR/TE. To achieve
this, the ETL in the silent T2 PROPELLER sequence had to be
reduced because of the adjusted gradient waveform. Variations
between the two sequences due to this reduction might have
affected the imaging appearance.
When the degree of myelination was compared, the graded
low WM SI was not different between the two sequences. This
is consistent with a prior study showing the good intermethod
agreement of myelination degree in children using silent T2
PROPELLER images and T2 FSE images.17 Our study lacks
T1WI for comparison, however, the authors in the previous
study compared myelination degree of the T1WI spin echo
sequence and silent T1WI based on the 3D gradient-echo
imaging technique (slice thickness: 0.8–1 mm) and concluded
that silent T1WI may be more sensitive to cerebellar myelination compared to spin echo sequences.17 Still, since T1 spin
echo sequence were acquired using a 2D axial plane with
slice thickness 4–5 mm, comparing the two sequences for the
myelination degree seems to have limitation. Since myelination
of middle cerebellar peduncle appears from the birth and T1WI
is more sensitive on early myelination than T2WI, further study
on this subject comparing conventional and silent T1WI might
be needed.
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There are some limitations in our study. Firstly, we did not
include T1WI or FLAIR sequences in the comparison. This was
because our study was conducted in the clinical setting with
limited sequences of MRI, which was performed on children
who underwent frequent repeated brain MRI examinations for
follow-up purposes. Including the silent sequences for T1WI
or FLAIR, and decreasing acoustic noise throughout the scanning may have higher clinical importance. Still, decreasing the
time period of high acoustic noise exposure itself is important,
since the permitted period of time a person can be exposed is
increased with decreased noise level.25 Therefore, reducing the
overall duration of high acoustic noise level exposure is meaningful in infants. Secondly, since our study was retrospective, and
as no additional sedation was done during the scanning, it was
hard for us to tell if there was reduced awakening during scans
with the silent technique. A prospective study on this subject
might be helpful, but both ethical and technical issues need to
be resolved first. Applying a louder sequence to a neonate when
it has no superior image quality to that of the silent sequence
would be unethical. Also, while we could monitor tolerance
during sedation using an electroencephalogram,26 acquiring
an electroencephalogram and MRI simultaneously is a technical challenge.27 Thirdly, we did not evaluate interobserver
variability between the two radiologists. Although there was no
significant difference between the two sequences regarding qualitative image quality assessment, there were some discrepancies
between the two radiologists for several parameters, such as the
shunt-related artefact or myelination degree in corpus callosum.
This was mainly because the two radiologists assessed image
quality independently and because no additional consensus was
made before or after evaluation. However, we believe the importance of this study lies mainly in the difference between the two
sequences, and not these discrepancies. Lastly, the study population in this study was not a normal group. Among the assessment parameters, myelination degree is affected by the patients'
condition such hydrocephalus.28 Therefore, the two sequences
we have compared are not going to reflect the myelination degree
of normal population.
In conclusion, the silent T2 PROPELLER sequence reduces
acoustic noise to a comfortable level and produces images comparable to that of the conventional T2 PROPELLER sequence.
The sound reduction is critical to infants who are vulnerable
to acoustic noise itself. Myelination degree, which needs to be
assessed in infants, is not affected by the silent technique.
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