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Introduction

Chemical-shift-encoded magnetic resonance imaging (CSE-
MRI) is a non-invasive reliable method for quantifying fat 
content that is widely used for the determination of liver 

fat or bone marrow fat. The method uses the difference in 

the chemical shift between water and fat to estimate the 

signal intensity of the two components and obtain the fat 

content as the proton density fat fraction (PDFF) (1-4). The 
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quantitative diagnosis of various pathological conditions 
has been studied by assessing the PDFF of bone marrow 
using CSE-MRI. For example, measurement of the PDFF 
in the lumbar region has been reported to allow for the 
differentiation between benign and malignant bone marrow 
lesions (5,6). Other studies have reported changes in the 
PDFF in vertebral bone marrow caused by osteoporosis 
(7,8). In addition, the proton density water fraction (100% −  
PDFF) can be a predictor of bone marrow cellularity, 
suggesting the possibility of noninvasively assessing bone 
marrow changes in clinical patients undergoing radiation 
therapy (9).

The CSE-MRI method has several confounders, such 
as T1 bias and T2* effect (10,11). As the T1 value of fat 
is much smaller than that of water, a small flip angle is 
recommended to minimize any T1 bias. Otherwise, the 
PDFF will be overestimated due to the faster longitudinal 
magnetization recovery of fat. Meanwhile, the T2* effect 
results in the decay of transverse magnetization between 
echoes, which confounds the PDFF calculation. T2* 
decay can be compensated for by estimating the T2* using 
multi-echo acquisition. In addition, the inhomogeneity of 
the radiofrequency magnetic field (B1

+) distribution can 
also affect the PDFF. A change in B1

+ implies a change 
in flip angle, thus if the flip angle increases, T1 will be 
emphasized, leading to a higher measured PDFF due to 
T1 bias. The B1

+ distribution is more inhomogeneous at 
3T (12). Although this drawback can be improved via the 
use of dual-source parallel RF excitation (13), the degree of 
improvement depends on the body region or body habitus. 
Furthermore, the spatial B1

+ variability changes the actual 
flip angles and can affect PDFF measurements (12,14). In 
fact, in the liver, it has been found that transmit B1

+ field 
changes and the PDFF on CSE-MRI can vary depending 
on the adopted arm position (14). This report indicates the 
need to consider the preparatory procedures undertaken 
before performing MRI. In general, a patient’s positioning 
during MRI is dependent on the MRI radiographers. 
However, both radiologists and MRI radiographers should 
understand the quantitative effect of changing the patients’ 
arm position. The liver is located in an area spanning from 
the abdominal side to the dorsal side of the body, whereas 
the lumbar vertebral bodies are located only on the dorsal 
side where the B1

+ is more likely to be obstructed by the arm 
when the subject is lying with the arms alongside the body. 
Simply changing the arm position during lumbar vertebral 
MRI has been reported to improve B1

+ and signal intensity 
inhomogeneity (12). However, without proper guidelines, 

different MRI radiographers may implement different arm 
positions to improve the image quality of lumbar MRI. 
Knowing the effect of these arm-positioning differences 
during imaging on the measurements will play an important 
role in their interpretation in future studies. Therefore, we 
evaluated the effect of arm position on the lumbar PDFF 
acquired by CSE-MRI.

Methods

Participants

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Institutional Review Board of Teikyo 
University (registration No. 21-005), and written informed 
consent was obtained from all volunteers. The study 
enrolled 15 healthy volunteers without any spine lesions  
[12 men and 3 women; average age ± standard deviation (SD) 
(range), 39.6±11.7 years (22–58 years). Other characteristics 
[mean ± SD (range)] were as follows: height, 167.7±8.5 cm 
(145–181 cm); weight, 65.3±12.4 kg (40–88 kg); and body 
mass index, 21.8±2.7 kg/m2 (19.0–30.4 kg/m2).

MRI examination

All scans were performed on a 3T MRI system (MAGNETOM 
Skyra, Siemens Healthineers, Erlangen, Germany) with 
a 32-channel spine coil. The “TrueForm” B1

+ shimming 
mode was active for the scanner. In this mode, the optimized 
amplitude and phase transmission settings were used for each 
region, to minimize B1

+ inhomogeneity in the subject using 
a two-channel transmit array. The commercial CSE-MRI 
sequence made available currently by Siemens Healthineers 
(q-DIXON) was used in this study. The scan parameters 
are provided in Table 1. A small flip angle and a multi-echo 
sequence were used to minimize the effect of the T1 bias 
and T2* decay on the PDFF. CSE-MRI with Controlled 
Aliasing in Parallel Imaging Results in Higher Acceleration 
(CAIPIRINHA) (15) was performed over a short scan time 
within one breath-hold to minimize the effect of respiratory 
motion. The signal intensities of water and fat corrected for 
T2* decay were calculated by multi-echo acquisitions and 
the PDFF map was automatically generated. The subject 
was placed in a supine position with a cushion under the 
knees, as in a general lumbar MRI examination. A cushion 
was also placed above the head, to facilitate arm elevation. 
To investigate the effect of arm position on the PDFF, all 
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volunteers were scanned in two different arm positions (side 
arm and elevated arm positions) (Figure 1). In addition, to 
confirm the repeatability of the scan itself, two consecutive 
CSE-MRI scans (first and second scan) were performed in 
each arm position. First, two consecutive CSE-MRI scans 
(first and second scan) were performed in the side arm 
position. Next, the scan table was moved out of the gantry 
and the position was changed to the elevated arm position, 
while being careful to change the body position as little as 
possible. Subsequently, CSE-MRI scans were performed 
twice in succession in the new position.

PDFF measurements

To assess the inter-reader agreement, the PDFF maps 
calculated from CSE-MRI were anonymized and regions of 
interests (ROIs) were drawn on the images independently 
by two readers, each of whom had more than 10 years 
of experience in the analysis of MR images. ROIs were 
placed manually and as large as possible on the five 

lumbar vertebral bodies (L1–L5) at the center slice of the 
lumbar spine on the PDFF map using ImageJ (16,17), so 
that no obvious artifacts or blood vessels were included 
(Figure 2). The total number of ROIs was 600 (15 cases ×  
5 vertebral bodies × 2 scans × 2 positions × 2 readers).

Statistical analysis

The degree of agreement between the two readers was 
evaluated using Bland-Altman analysis and calculating 
the intraclass correlation coefficient (ICC2, 1) (18). The 
PDFFs were compared between the first and second scans 
and between the side and elevated arm positions using the 
Wilcoxon test and Bland-Altman analysis. In Bland-Altman 
analysis, the 95% limits of agreement (LoA) was defined as 
the mean difference ± 1.96 × SD. The average of the first 
and second scans was used for the comparison between 
the side and elevated arm positions and between the two 
readers. Significance was set at P<0.05. All statistical 

Table 1 Pulse sequence and imaging parameters

Parameters MAGNETOM Skyra

Imaging technique q-DIXON

Pulse sequence 3D GRE

Acquisition matrix 160×160

NSA 1

First TE (ms) 1.18

ΔTE (ms) 1.18

Number of echoes 6

TR (ms) 9.0

Flip angle (°) 4

FOV (mm) 300

Slice thickness (mm) 4.0

Slice spacing (mm) 2.0

Number of slices 40

Acceleration technique CAIPIRINHA

Acceleration factor 4 (2×2)

Acquisition time (s) 22

NSA, number of signals acquired; TE, echo time; TR, repetition 
time; FOV, field of view; GRE, gradient echo; CAIPIRINHA, 
Controlled Aliasing in Parallel Imaging Results in Higher 
Acceleration.

Side arm position

Elevated arm position

Figure 1 The two different arm positions used during MR scans. 
This image is published with the participant’s consent. MR, 
magnetic resonance.
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analyses were performed using BellCurve for Excel (Social 
Survey Research Information Co., Ltd., Tokyo, Japan).

Results

Inter-reader agreement

The Bland-Altman plot for the inter-reader agreement 
is presented in Figure 3A. The mean difference (reader 
1 − reader 2) was −0.1% [95% confidence interval (CI), 
−0.2% to 0.03%; 95% LoA, −1.4% to 1.3%]. The PDFF 
measurements generated by the two readers were highly 
correlated (ICC =0.999; 95% CI, 0.998 to 0.999).

Differences in PDFF between the first and second scans

The PDFF of each vertebral body is summarized in Table 2. 
There was no significant difference in PDFF between the first 
and second scans for all vertebral bodies for each reader (all 
P>0.05). The Bland-Altman plot for the comparison between 
the first scan and the second scan is shown in Figure 3B.  
The mean difference (first scan − second scan) was 0.1% (95% 
CI, −0.03% to 0.2%; 95% LoA, −1.8% to 1.9%).

Difference in PDFF between the elevated and side arm 
positions

The PDFF of each vertebral body is summarized in Table 3.  
The PDFFs obtained in the elevated arm position were 
significantly higher than those obtained in the side arm 
position, with the exception of the L2 level for reader 2 
(side arm position, 39.1%±15.0% vs. elevated arm position, 
39.5%±14.8%; P=0.191). The Bland-Altman plot for the 
comparison between the side arm position and the elevated 

arm position is shown in Figure 3C. The mean difference 
(elevated arm position − side arm position) was 0.8% (95% 
CI, 0.6% to 1.0%; 95% LoA, −1.6% to 3.2%).

Discussion

The results of the present study show that the PDFF 

Side arm positionPDFF

100%

75%

50%

25%

0%
Elevated arm position

Figure 2 Location of the ROIs on the PDFF maps. The PDFF 
can be measured directly by placing the ROI on the PDFF map. 
PDFF, proton density fat fraction and ROI, region of interest.

Figure 3 Bland-Altman plots of the differences in PDFF between 
the two readers (A), between the first and second scans (B), and 
between the side arm and elevated arm positions (C). The bold line 
represents the mean difference in the PDFF, and the dashed line 
represents the range of the 95% LoA (the mean difference ± 1.96 
× SD). PDFF, proton density fat fraction; SD, standard deviation; 
LoA, limits of agreement.
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measurements obtained by CSE-MRI using the elevated 
arm position were slightly but significantly higher than those 
in the side arm position. The variability in PDFF according 
to arm position was higher than that caused by the CSE-
MRI sequence itself and inter-reader differences. Even if 
the B1

+ shimming system is adopted, B1
+ variation caused 

by arm position occurs in the lumbar spine. To the best of 
our knowledge, lumbar spine MRI is usually performed in 
the side arm position; however, raising or slightly lifting 
the arm has been reported to improve B1

+ inhomogeneity, 
thus improving diagnostic image quality (12). Therefore, 
in the absence of specific guidelines regarding a patient’s 
arm position during lumbar spine MRI, different MRI 
radiographers may implement different arm positions to 
improve image quality. Prior to this study, the influence 
of arm position on PDFF measurements had not been 
systematically studied. The results of this study showed 
that the effect of arm positioning was significant but very 
small. This suggests that there is a degree of flexibility in 
arm positioning that allows MRI radiographers to prioritize 
a patient’s condition or image quality, without significantly 
impacting PDFF measurements. Additionally, in light of the 
findings of the present study and that by Ishizaka et al. (12),  
we recommend that slightly lifted arms should be used as 

the default position in spine examinations using MRI, as it 
improves morphological images while having a negligible 
impact on PDFF. However, the position of the patient may 
be changed depending on their condition or habitus.

From the lumbar spine to the sacrum, B1
+ is disturbed 

when the arm is placed in the side position, indicating that 
the actual flip angle is lower than the set flip angle (12). 
Because of the difference in T1 between water and fat (T1 
bias), the degree of T1 weighting is affected by changes 
in the flip angle, resulting in changes in the PDFF. The 
increase in PDFF observed in the elevated arm position 
compared with the side arm position can be attributed to 
the increase in the flip angle as a result of the improvement 
in B1

+ inhomogeneity. Conversely, this is not necessarily 
the case in the liver region (14). Although differences in 
arm positioning during MRI of the liver region have been 
reported to alter B1

+ distribution and, thus, affect PDFF, 
the variability of B1

+ associated to arm positioning depends 
on the segment of the liver; i.e., the PDFF may increase 
or decrease depending on arm position. This is because 
the liver has a complex shape and is located in an area 
spanning from the anterior to the posterior side of the 
abdomen; thus, the distortion of B1

+ varies according to the 
liver segment. For example, the lateral segment showed an 

Table 2 Differences in the PDFF between the first and second scans

Vertebral body First scan Second scan P value

Reader 1

L1 37.6±14.2 37.3±14.1 0.131

L2 39.2±14.9 39.3±14.8 0.651

L3 41.9±14.0 41.6±13.6 0.804

L4 42.7±13.2 42.8±13.5 0.629

L5 44.0±12.66 44.1±12.7 0.294

Reader 2

L1 37.8±14.3 37.5±14.2 0.053

L2 39.3±14.6 39.3±14.7 0.558

L3 41.8±13.7 41.5±13.5 0.222

L4 42.7±13.2 42.7±13.4 0.517

L5 44.3±12.8 44.4±12.8 0.206

The first and second scan values include PDFF values for both 
the side and elevated arm positions. PDFF values (%) are shown 
as mean ± SD. There was no significant difference in PDFF 
between the first and second scans for all vertebrae and each 
reader. PDFF, proton density fat fraction; SD, standard deviation.

Table 3 Differences in the PDFF between the side arm and 
elevated arm positions

Vertebral body Side arm position Elevated arm position P value

Reader 1

L1 37.0±14.5 37.9±14.3 0.011*

L2 39.0±15.3 39.5±15.0 0.023*

L3 41.3±14.2 42.2±13.9 0.006*

L4 42.4±13.6 43.1±13.6 0.017*

L5 43.6±12.8 44.5±12.9 0.027*

Reader 2

L1 37.1±14.6 38.1±14.3 0.003*

L2 39.1±15.0 39.5±14.8 0.191

L3 41.2±13.8 42.2±13.9 0.003*

L4 42.3±13.6 43.1±13.4 0.001*

L5 43.8±13.0 44.8±10.0 0.047*

The side and elevated arm positions include PDFF values for 
both the first and second scans. PDFF values (%) are shown 
as mean ± SD. *, significance. PDFF, proton density fat fraction; 
SD, standard deviation.
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improvement in B1
+, whereas the medial anterior posterior 

segment showed a decrease in B1
+ (14). Therefore, elevation 

of the arms tended to increase the PDFF in the lumbar 
spine, whereas this is not necessarily the case in the liver.

We must consider whether the changes in PDFF 
observed in the current study have any clinical significance. 
Schmeel et al. reported that the PDFF of malignant 
vertebral compression fractures is significantly lower than 
that of acute benign vertebral compression fractures, with 
a high diagnostic performance in differentiating those 
fractures (PDFF, 3.48%±3.30% vs. 23.99%±11.86%; area 
under the curve, 0.98) (6). In addition, Yoo et al. showed 
that PDFF maps created using CSE-MRI can be useful to 
distinguish between benign and malignant causes of local 
bone marrow abnormalities in cases in which qualitative 
diagnosis using conventional MR images is difficult (5). 
The PDFF of malignant focal bone lesions was significantly 
lower than that of other focal benign lesions, including 
Modic type 1 changes, Schmorl’s nodes, focal red-marrow, 
and benign fracture (2.8%±3.1% vs. 16.5%±14.0%) (5). 
Furthermore, Gassert et al. found that the PDFF, as a 
potential biomarker of bone fragility, can distinguish 
between osteoporotic or osteopenic patients with and 
without vertebral fractures; in patients with osteoporosis/
osteopenia, the mean PDFF was significantly higher in 
those with vertebral fractures compared with those without 
vertebral fractures (61.1%±10.1% vs. 39.2%±11.2%) (8).  
Because the differences in PDFF obtained from the 
comparisons performed in those reports are much larger 
than the changes observed in the present study, the effect of 
arm position during CSE-MRI on lesion differentiation is 
considered to be negligibly small.

The inter-reader agreement of the current study was 
excellent (ICC =0.999). Moreover, the difference in 
PDFF between two consecutive scans was small (mean 
difference, 0.1%; 95% LoA, −1.8% to 1.9%). Therefore, 
the variability of the PDFF caused by the change in arm 
positioning does not seem to be dependent on the CSE-
MRI sequence itself or on the reader. In a multi-vendor, 
multi-center study, the inter-reader absolute agreement 
among PDFF measurements from three imagers and two 
reader combinations was also excellent (ICC =0.986), and 
the mean differences in PDFF reported across various MR 
machines from two different vendors (GE Healthcare and 
Philips Healthcare) and at two field strengths (1.5T and 
3.0T) ranged from 0.6% to 1.5%, with a 95% LoA within 
±3.4% (19). The variation of the PDFF according to the 
arm positions (mean difference, 0.8%; 95% LoA, −1.6% to 

3.2%) appears to be comparable to that detected between 
vendors. Although this variability is small and may have no 
clinical significance, it should be noted that raising the arm 
slightly increases the PDFF; therefore, follow-up PDFF 
measurements should be performed using the same arm 
position.

The PDFF measurements obtained in this study 
tended to increase from L1 to L5, which is consistent 
with the results of previous studies (7,20,21). A possible 
reason for this increase is the age-related change from 
red marrow to yellow marrow from L5 to L1; however, 
the pathophysiological relationship has not been fully 
investigated (20,21).

This study has several limitations. First, the study was 
performed using a single scanner at a single institution. 
Because the specifications of the B1

+ shimming system vary 
from vendor to vendor, a study involving multiple vendors 
and institutions is desirable to obtain additional data. 
Second, our sample size was small, thus the data generated 
can be considered as preliminary data. Our priority in 
this study was to clarify whether the position of the arm 
during CSE-MRI has an impact on PDFF measurements. 
Therefore, it was sufficient to confirm the relationship 
between PDFF measurements and arm positioning. Larger 
cohorts will be needed to further elucidate the impact of 
this small change.

Although preliminary, the results of this study suggest 
that different arm positions during CSE-MRI can slightly 
affect lumbar PDFF values; however, the mean absolute 
differences were very small. Given the small impact of 
arm position on PDFF, MRI radiographers may choose 
to prioritize the patient’s condition or image quality when 
performing CSE-MRI.
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