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A B S T R A C T

Purpose: This study aims to provide normal reference values for quantitative parameters for brachial and
lumbosacral plexi on multimodal MRI. In addition, the parameter variations between the left and right sides, the
individual nerve groups, genders and age groups were also evaluated.
Materials and methods: Multimodal MRI was evaluated in 163 healthy subjects, who were randomly divided into
three groups: brachial plexus, lumbosacral plexus and diffusion tensor imaging groups. Nerve diameters, contrast
ratios, T2 nerve-muscle signal ratios (nT2), fractional anisotropy (FA) values and apparent diffusion coefficients
(ADC) were measured in both plexi. Parametric tests and Pearson correlation for normally distributed data, and
non-parametric tests and Spearman correlation for non-normally distributed data were used.
Results: There were no significant differences in parameters between the left and right sides. The diameters of
the C7, L4-S1, sciatic, and femoral nerve roots were larger in men than in women (P < 0.05). The nT2 in the
brachial and lumbosacral plexi and the contrast ratio in the lumbosacral plexus were significantly higher in the
elderly. The diameter of the S1 nerve root was smaller in the elderly. There were no significant differences
between the individual nerve groups in contrast ratios and in brachial plexus nT2. A gradual increase in the nT2
from the top to the bottom was observed in the L4-S1 nerve roots (P < 0.05).
Conclusion: This study provides multi-parameter normative data for the brachial and lumbosacral plexi while
considering differences between the two sides, the individual nerves, genders, and the ages.

1. Introduction

MR neurography has become an effective tool for investigating the
peripheral neuropathies, such as trauma, entrapment and inflammatory
disorders [1]. The three-dimensional (3D) sampling perfection with
application-optimized contrasts using different flip-angle evolutions
(SPACE) and the short time inversion recovery (STIR) sequences allow
for the visualization of the peripheral nerves [2–5]. The commonly used
parameters for assessing peripheral nerves include the diameter or the

cross-sectional areas of the nerve roots, the T2 nerve signal values, and
the fractional anisotropy (FA) values [6–8]. Previous studies have de-
monstrated that Wallerian degeneration and demyelination led to
partial or diffuse thickening and increased T2 signal intensity [9,10].
These characteristics of the pathologic changes promote structural vi-
sualization and quantitative analyses. Such visualization and analyses
are helpful not only for disease diagnosis, but also for monitoring re-
generation and treatment responses. To the best of our knowledge,
there are only a few studies that have quantitatively measured the
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structural MR properties of peripheral nerves [10–15], and there are
even fewer studies that evaluate the multimodal parameters of the
brachial and lumbosacral (LS) plexi in healthy subjects.

This study aims to provide normal reference values for the C5-C8
and L4-S1 nerve roots, including the diameter, contrast ratio (CR), T2
nerve-muscle signal ratio (nT2), FA, and apparent diffusion coefficient
(ADC). In addition, the parameter differences between the left and right
sides, the individual nerve groups, genders and ages were also in-
vestigated.

2. Materials and methods

2.1. Ethics approval

The present study was approved by the ethics committee of our
hospital (No. IORG0003571) and was registered on ClinicalTrials.gov
(ChiCTR XX). Written informed consent was obtained from all the
subjects.

2.2. Subjects

From October 2017 to November 2018, 163 healthy subjects (79
men and 84 women) were recruited from the staff members of our in-
stitution. Their ages ranged from 18 to 65 -year old with the median age
at 38. The subjects were divided into two age groups: the young group
and the elder group with the age range at 18–40 years and 40+ years,
respectively. 97% (158/163) of the subjects are right-handed. All the
subjects were asymptomatic, and did not suffer from any diseases and/
or receive any drugs that may alter the sensory or motor functions at
the time of enrollment. The subjects were randomly divided into three
groups: the brachial plexus group (n= 54, 29 men, age= 40.53 ±
13.5 years, body mass index (BMI)= 23.5 ± 0.4 kg/m2), the LS plexus
group (n=54, 24 men, age= 38.55 ± 10.7 years,
BMI=22.9 ± 0.4 kg/m2), and the diffusion tensor imaging (DTI)
group (n=55, 26 men, age= 38.40 ± 11.4 years,
BMI=23.1 ± 0.4 kg/m2). The following exclusion criteria were
adopted: history of a metabolic, renal, neurological or neuromuscular
disorder, vertebral disc herniation, and/or contraindication(s) to MRI.

2.3. MRI scanning protocol

Subjects were placed on the gantry in the supine position with the
head in the neutral position. Brachial plexus examination was per-
formed on a 1.5-T MR scanner (MAGNETOM Aera, Siemens Healthcare,
Germany) with the head neck coupling and multichannel body matrix
coils from the skull base to the sternal body. LS plexus examination was
performed on a 3-T MR scanner (MAGNETOM Trio, Siemens
Healthcare, Germany) with two multichannel body matrix coils and six
elements of spine array coils. For the LS plexus imaging, MR scanning
covered the areas from the level of the superior edge of the T12 ver-
tebra to the upper part of the femur. DTI examination was performed on
a 3-T MR scanner and included both the brachial and the LS plexi.

The MRI protocols of the brachial plexi group and the LS plexi group
included the turbo inversion recovery magnitude (TIRM), volumetric
interpolated breath-hold examination (VIBE), and 3D-SPACE-STIR se-
quences on the coronal plane. First, TIRM and VIBE sequence plain
scans were performed. Then, a contrast agent (Gadovist, Bayer Pharma
AG) was administered by an intravenous injection of 0.15mL/kg and
with a flow rate of 1.5 ml/s. Contrast-enhanced (CE)-VIBE and 3D-
SPACE-STIR sequence scans were performed after the administration of
the contrast agent. The MRI protocols of the DTI group included the
single-shot-echo–planar-imaging based DTI sequences on the axial
plane. Sequence parameters are given in Table 1.

2.4. Image processing and analysis

Built-in post-processing software (3D Syngo MR workspace,
Siemens Healthcare, Erlangen, Germany) was used for the reconstruc-
tion of the maximum intensity projection (MIP) images. All the mea-
surements were performed independently by two experienced neuror-
adiologists and were repeated 3 times; the averaged values were used.
The region of interest (ROI) and their corresponding measurements are
illustrated in Fig. 1 and supplementary Figure S.1.

2.4.1. Nerve diameters
On the reconstructed MIP 3D-SPACE-STIR images (slice thick-

ness= 15mm), the diameters of the nerves at the C5-C8 and L4-S1
levels were measured perpendicular to their long axis at 1.0 to 2.0 cm
away from the dorsal root ganglion (DRG) on both sides (Fig. 1a). The
diameters of the sciatic and femoral nerves on both sides were mea-
sured on the coronal and sagittal planes, respectively, at the upper edge
of the femoral head.

2.4.2. Contrast ratios
The mean signals of CE-VIBE and non-CE-VIBE were measured for

the bilateral C6-C8 and L4-S1 nerve roots at the same location by
copying the ROIs between the two sequences (Fig. 1b, c). The contrast
ratio was defined as CR=CE-VIBE signal intensity / non-CE-VIBE
signal intensity.

2.4.3. T2 nerve-muscle signal ratios
The nT2s were measured on the TIRM sequence images (Fig. 1d).

The ROIs were used to measure the T2 signal intensity of the bilateral
C6-C8 and L4-S1 nerve roots, and the adjacent deep neck and iliopsoas
muscles. The nT2 was defined as nT2 = nerve root T2 signal intensity /
adjacent muscle T2 signal intensity.

2.4.4. DTI parameters
The mean FA and ADC values were measured on the DTI sequence

images by drawing a circular ROI bilateral on the brachial and LS plexi
(Supplementary Fig. 1). The ROIs of C5-C8 and L4-S1 nerve roots were
set to beyond 1.0 to 2.0 cm of the DRG on both sides. ROIs of the C6-C7
and L5-S1 DRGs were set at the ganglia. A total of 22 data points (eight
ROIs from C5 to C8, six ROIs from L4 to S1, and eight ROIs from the
DRG) for each subject were obtained.

The same readers, who were blinded to the initial results, repeated
the post-processing and analyses of the images after 8 weeks. The image
qualities were evaluated based on the presence and severity of the
motion and pulsation artifacts which affect nerve visualization, and
were then classified into three grades (1: excellent, 2: fair, 3: poor
image quality). Images that were rated as “poor” were excluded.

2.5. Statistical analyses

Statistical analyses were performed using the GraphPad prism 6.0
and the IBM SPSS statistical software version 22 (IBM Corp., Armonk,
UY, USA). Normally distributed data were expressed as mean ±
standard deviation (χ±s). Categorical or nonnormally distributed
data were expressed as median (M) and quartiles (P25, P75). The
contingency table approach and the Kruskal-Wallis H tests were used to
compare the demographic differences (i.e., genders and ages) among
the groups. Paired-samples t-test (or Wilcoxon signed-rank test) was
used to assess the differences of the nerve roots (or ganglia) between
the two sides and between the individual nerve groups. Independent-
samples t-test (or Wilcoxon rank test) was used to compare the nerve
roots (or ganglia) between genders and between age groups. Pearson
(or Spearman rank) correlation test was used to detect the correlations
between the diameters and BMI, between the different DTI parameters,
and between the DTI parameters of the nerve roots (or ganglia) and
ages. Intraclass correlation coefficients were obtained for interreader
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and intrareader reliability. P < 0.05 was considered statistically sig-
nificant.

3. Results

3.1. Demographics and quality assessments

There were no significant differences in ages (χ2= 1.982, P=
0.371) and in genders (χ2= 1.206, P > 0.05) among the three subject
groups. The BMIs of the three groups were normally distributed
(Supplementary Figure S.2). There was no significant difference be-
tween genders in BMI (P= 0.81). Five poor-quality DTI images of the
brachial plexus were excluded due to the severe motion artifacts

(Supplementary Table 1). The representative images are shown in
Figs. 1 and 2. The architectural configurations of the reconstructed fiber
bundles C5 to C8 are shown from six different angles (Supplementary
Figure S.3).

3.2. Diameters and DTI

The diameters and the FA and ADC values of the nerve roots are
shown in Table 2.

3.3. Sides and genders

There were no significant differences between the left and the right

Table 1
Magnetic Resonance Sequence Parametersa.

SPACE VIBE TIRM DTI

3.0T 1.5T 3.0T 1.5T 3.0T 1.5T 3.0T
TR (ms) 3000 3000 8.18 7.04 4000 3830 6000
TE (ms) 270 248 3.04 2.39 39 58 92
Average 1.8 2 1.8 1 2 2 4
Slice 144 120 120 120 37 30 45
FOV (mm) 448×448 384×384 448×448 384×384 448×448 384×384 256×256
Voxel (mm3) 1.0× 1.0 ×1.0 1.0× 1.0 ×1.0 1.0× 1.0 ×1.0 1.0×1.0 ×1.0 1.5× 1.2 ×4.0 1.2× 1.2 ×3.0 2.0× 2.0 ×3.0
BW(Hz/px) 425 425 130 560 250 250 1345
Fat saturation FS+STIR FS+ STIR SPAIR Dixon — — FS
Other IPAT=3 — IPAT=2 IPAT=2 IPAT=2 IPAT=2 B=0,900 s/mm2; DOI-20; IPAT=2,
TA (min) 12’14 11’17 2’40 2’02 4’20 3’47 5’32

TR: repetition time; TE: echo time; TA: acquisition time; FOV: field of view; BW: bandwidth; PX: pixel; FS: frequency selective; STIR: short T1 inversion recovery;
SPAIR: spectral adiabatic inversion recovery; B: diffusion moment in s/mm2; DOI: directions of interrogation; IPAT: integrated parallel acquisition technique; SPACE:
sampling perfection with application-optimized contrasts using different flip angle evolution; TIRM: turbo inversion recovery magnitude; VIBE: volumetric inter-
polated breath-hold examination; DTI: diffusion tensor imaging;

Fig. 1. Coronal reconstructed MIP 3D-SPACE-STIR image of a volunteer (a) showing the whole course of the brachial plexus. The arrow indicates the right C7 nerve
root. Images b and c show the right C7 nerve root (arrows) on non-CE-VIBE and CE-VIBE images. The T2 nerve-muscle signal ratios were obtained by selecting a ROI
on TIRM sequence images (d). Tractographies (e, f) show treelike configurations and microstructural properties in the brachial and lumbosacral plexi. Magnified
views of the areas of interest on the right C7 nerve root and the corresponding measurements (nerve diameter (a), contrast ratio (b, c) and T2 nerve-muscle signal
ratio (d)) are shown in the right upper corners of the images.a–d.

X. Su, et al. European Journal of Radiology 117 (2019) 41–48

43



side of the nerve roots for all the parameters (P range=0.052 - 0.956;
Supplementary Table 2). There was no statistically significant correla-
tion between the diameters and BMI (brachial plexus, P= 0.87; LS
plexus, P= 0.13). The diameters of the C7 and L4-S1 nerve roots and
of the sciatic and femoral nerves were larger in men than in women (all
P < 0.05, Fig. 3b and d). Further analysis revealed that there were no
significant differences in the CR, nT2, FA, and ADC values between
genders (P range=0.193 - 0.891; Supplementary Table 2).

3.4. Individual nerves groups

There were significant differences in the diameters between the
individual nerve groups (P < 0.05), except for the L4 and femoral
nerve (Fig. 3a and c). Comparing the CR and nT2 of the individual
nerve groups, only the nT2 of the LS plexus showed significant differ-
ences (Table 3). The nT2 of the L4-S1 nerve roots were 2.055 ± 0.41,
2.280 ± 0.53, and 2.673 ± 0.59, respectively. A gradual increase in

the nT2 values from the top to the bottom was observed, with the S1
nerve root showing the highest T2 signal.

3.5. Age differences and correlations

The diameter of the S1 nerve roots was significantly smaller in the
elder group (5.13 ± 0.49mm) than in the young group
(5.37 ± 0.53mm; P= 0.022). The CR at the LS plexus was sig-
nificantly higher in the elder group (P= 0.03, Fig. 4a). The nT2 values
at the brachial plexus and the L4-S1 nerve roots were significantly
higher in the elder group (P range= 0.002-0.019; Fig. 4b and Supple-
mentary Table 3). A negative weak correlation between the FA value
and the ages at the C8 nerve root (r = – 0.25, P= 0.011) was obtained
by the Pearson correlation analysis, while no correlations between the
FA or ADC values and the ages were obtained at the rest of the nerve
roots (Supplementary Table 3).

3.6. DTI parameters correlation

Significant weak negative correlations were observed between the
FA and ADC values at the nerve roots of brachial plexus (r = – 0.349,
Fig. 5a) and LS plexus (r = – 0.262, Fig. 5c). Moderate negative cor-
relation between the FA and ADC values at the ganglia of the brachial
plexus (r’s = – 0.441, Fig. 5b) and LS plexus (r’s = – 0.428, Fig. 5d)
were observed by the Spearman rank correlation analysis.

3.7. DRG

Regarding the ganglia, no significant differences were observed
between the left and right sides or between genders (P range= 0.053-
0.956, supplementary Table 4). No significant correlation was observed
between the ganglia and the ages (P range= 0.078 - 0.886;
Supplementary Table 5). The FA of the ganglia at the brachial and LS

Fig. 2. The diameters of the nerve roots at the S1 (arrows) were measured perpendicular to their long axis on the reconstructed MIP 3D-SPACE-STIR image (a). The
patch long T2 signal on both sides shows the effusion of the bilateral sacroiliac joints (hollow arrows). Images b and c show the right S1 nerve roots (arrows) and
ganglia (hollow arrows) on non-CE-VIBE and CE-VIBE images. T2 nerve-muscle signal ratios were obtained by selecting ROIs on TIRM sequence images (d).
Reconstructed MIP 3D-SPACE-STIR image (e) of a volunteer shows the bilateral femoral nerves (arrows).

Table 2
Diameters and FA &ADC valuesa.

diameter (mm) FA ADC

C5 3.74 ± 0.35 0.401 ± 0.06 1.536 ± 0.18
C6 4.57 ± 0.51 0.449 ± 0.07 1.433 ± 0.15
C7 4.86 ± 0.55 0.479 ± 0.08 1.400 ± 0.13
C8 4.19 ± 0.47 0.475 ± 0.07 1.386 ± 0.14
S1 5.27 ± 0.53 0.428 ± 0.07 1.400 ± 0.16
L5 5.99 ± 0.66 0.439 ± 0.06 1.316 ± 0.15
L4 4.86 ± 0.54 0.442 ± 0.07 1.324 ± 0.15
sciatic 9.92 ± 0.99 N/A N/A
femoral 4.72 ± 0.69 N/A N/A

FA: fractional anisotropy; ADC: apparent diffusion coefficient；N/A：Not
available.
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plexi were significantly lower than those of the corresponding nerve
roots, but the ADC values were significantly higher (Table 4, all P <
0.001).

3.8. Interreader and intrareader reliability

Good interreader reliability and intrareader reliability were ob-
tained (intraclass correlation coefficients range from 0.703 to 0.996;
Table 5).

4. Discussion

We presented the results of a comprehensive evaluation of the
complex structure of the brachial and the LS plexi in the healthy adults,
including the diameter of the macroscopic anatomy, the semi-quanti-
tative T2 signal, the contrast enhancement, and the quantitative mi-
crostructure properties of the nerve root and ganglion. In addition, for

quantitative normal reference ranges, we reported differences in terms
of the left and right sides, the individual nerve groups, genders and ages
differences.

In our study, no significant differences in parameters between the
left and right sides were found. The finding supports the clinical prac-
tice of diagnosing neuropathies by comparing the nerves of interest
with the contralateral side [16].

This study confirmed that men have larger nerve roots than women
in the LS plexus and in parts of the brachial plexus. This is in ac-
cordance with the relationship between genders and the cross-sectional
areas of the nerve trunks as seen on ultrasounds reported in the pre-
vious literature [17,18].

This study found no correlation between the nerve diameter and
BMI. Currently there is no consensus on the possibility of a correlation
between the nerve size and BMI. Peeters et al. reported a correlation
between the cross-sectional areas of the ulnar nerve and BMI [19].
However, other related studies have found no correlation between the
nerve size and BMI or body weight [20,21].

In the normal nerve tissues, the T2 relaxation time of the nerves is
mainly organized into myelin, axonal, and extra-axonal water protons
[22]. The axonal degeneration, especially the nerve edema due to the
inflammatory changes, increases T2 relaxation time as shown by Hi-
watashi et al., who demonstrated that patients with chronic in-
flammatory demyelinating polyneuropathy (CIDP) have longer T2 re-
laxation time than the healthy controls [10]. Therefore, it is important
to recognize the normal profiles of the nT2 values in the nerve roots in

Fig. 3. There were significant differences in
diameters between the individual nerve
groups, except for between the L4 and femoral
nerve roots (a, c). The diameters of the C7 (b)
and L4-S1 nerve roots, and the sciatic and fe-
moral nerves (d) were significantly larger in
men than in women. There were no significant
differences between the genders in the rest of
the brachial plexus (b). *P < 0.05, **P <
0.001, ***P < 0.0001, ****P < 0.00001.

Table 3
Brachial and LS plexi CR and nT2 (Samples paired t test)a.

CR P value nT2 P value

BP 1.059 ± 0.05 0.475 3.07 ± 0.60 0.963
LSP 1.078 ± 0.05 0.061 — 0.000 *

CR: contrast ratio; nT2: T2 nerve-muscle signal ratio; BP: brachial plexus.

Fig. 4. The contrast ratio at the lumbosacral
plexus nerve roots was significantly higher in
the elder group than in the young group al-
though there were no significant differences in
the nerve roots of the brachial plexus (a). The
T2 nerve-muscle signal ratio at the brachial,
L4, L5, and S1 nerve roots were significantly
higher in the elderly subjects (b). *P < 0.05,
**P < 0.001.

X. Su, et al. European Journal of Radiology 117 (2019) 41–48

45



order to detect any subtle changes. In this study we used the nT2 for the
nerve assessment, a parameter that is used clinically and in the litera-
ture [23,24]. We found that the nT2 values were homogeneous in the
brachial plexus, but increased from the top to the bottom in the LS
plexus. These variances may be related to the structure of the LS plexus,
since the L4-S1 nerves are more parallel to the long axis of the body.
There may be more extra-axonal water protons at the bottom because of
gravity, but this hypothesis needs further investigation.

In this study the nT2 and the CR values in the LS plexus significantly
increased with the age increase while the S1 nerve root diameter de-
creased correspondingly. Additionally, a weak negative correlation
between ages and the FA was observed. This finding could be attributed
to the neurodegeneration and the continuous loss of nerve fibers, which
also confirms the results of previously reported studies [21,25].

DTI has been recently applied in evaluating the different nerves in
the upper and lower extremities, such as the median and peroneal
nerves [11]. However, echo–planar-imaging-based DTI is susceptible to
the motion artifacts and the geometric distortion, especially in the
brachial plexus, which is more easily affected by the respiratory and

pulsatile motions [13]. There are two methods for measuring the DTI
parameters. One is to track fibers and average the values measured on
multiple consecutive slices. However, this method cannot reflect the
exact focal values. The other is to directly measure the focus of interest.
However, the values generated are easily influenced by the adjacent
isotropic cerebrospinal fluid [26]. Therefore, we set the three small
ROIs over the same nerve root and then took an average.

The FA represents the proportion of the anisotropic components of
the water molecules, while the ADC reflects the diffusion capacity. It
has been demonstrated that there is a negative correlation between the
FA and the ADC [27]. Furthermore, a significant increase in the ADC
and a decrease in the FA were observed when the nerves were damaged
due to changes in the directions and in the capacity of water molecule
diffusion, which indicated the altered tissue integrity [27,28]. In our
study, the FA values of the nerve roots were significantly higher than
those of the corresponding ganglia, while the ADC values were lower.
This difference may be due to the different anatomical structures of the
ganglia and the nerve roots with the sensory cell bodies in the former
and the sensory and motor nerve fibers in the latter.

Fig. 5. A significant weak negative correlation
was observed between the fractional aniso-
tropy (FA) values and the apparent diffusion
coefficients (ADC) at the nerve roots of the
brachial (a, r = – 0.349) and lumbosacral (LS)
plexi (c, r = – 0.262). Spearman rank corre-
lation analysis showed a moderate negative
correlation between the FA and ADC values at
the ganglia of the brachial (b, r’s = – 0.441)
and LS plexi (d, r’s = – 0.428). **P < 0.001.

Table 4
Nerve roots and ganglia FA and ADC values (Wilcoxon signed-rank test)a.

FA (roots) FA (ganglia) P value ADC (roots) ADC (ganglia) P value

C6 0.449 ± 0.07 0.240 (0.210, 0.288) 0.000 1.433 ± 0.15 1.570 (1.378, 1.968) 0.000
C7 0.479 ± 0.08 0.267 (0.235, 0.294) 0.000 1.400 ± 0.13 1.492 (1.370, 1.731) 0.000
S1 0.429 ± 0.07 0.278 (0.238, 0.299) 0.000 1.400 ± 0.16 1.480 (1.308, 1.678) 0.000
L5 0.429 ± 0.06 0.285 (0.251,0.316) 0.000 1.316 ± 0.15 1.420 (1.308, 1.678) 0.000

FA: fractional anisotropy; ADC: apparent diffusion coefficient; quartiles in parentheses;

Table 5
Interreader and Intrareader consistency (ICC correlation)a.

diameter (mm)(BP/LSP) CR(BP/LSP) nT2 (BP/LSP) FA(BP/LSP) ADC (BP/LSP)

Interreader 0.946/ 0.994 0.994/ 0.996 0.879/ 0.951 0.817/ 0.855 0.735/ 0.903
Intrareader 0.895/ 0.990 0.988/ 0.992 0.703/ 0.929 0.836/ 0.889 0.846/ 0.895

ICC: intraclass correlation coefficients; CR: contrast ratio; nT2: T2 nerve-muscle signal ratio; FA; fractional anisotropy; ADC: apparent diffusion coefficient; BP:
brachial plexus; LSP: lumbosacral plexus.
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In contrast to the perineurium and the endoneurial vessels of the
nerve trunk, the DRG are permeable to low- and/or high-molecular-
weight contrast agents under normal physiologic conditions [29,30]. In
our study, the DRG showed avid enhancement. Diffuse or focal en-
hancements of the nerve roots can also be seen in immune-mediated
inflammatory or entrapment disorders caused by the pathophysiolo-
gical processes which increase the blood-nerve barrier permeability
during demyelination and axonal degeneration. Therefore, the re-
searchers should know when the increased enhancements and the CR
values are normal or abnormal. Abnormal enhancements in the spinal
roots, plexi, and cauda equina have been seen in patients with the
Guillain–Barre ́syndrome and CIDP [31,32]. Several studies have sug-
gested that enhancements of the nerve roots may indicate disease ac-
tivity [33,34]. The acquired normal contrast ratio of the plexi nerve
roots using contrast agents in this study could be used for the in-
flammatory polyneuropathy in further studies. As the first to study the
hemodynamic of the human sciatic nerve using dynamic contrast-en-
hanced (DCE) MR imaging, to my knowledge, Baumer et al. [35] pro-
vided the nerve blood volume and the blood-nerve permeability re-
ference values that approximate the values of the white matter of the
central nervous system. However, it is difficult to apply the DCE MR
imaging to the plexus, because the nerve root volume is small and
limited by poor signal noise ratio when using multi-phase dynamic
scanning. Several studies have proposed to use sonography to assess the
nerve perfusion. However, ultrasonography can only be applied to the
superficial nerves instead of the deeper nerves which are usually af-
fected by polyneuropathies [35,36].

The high interclass correlation coefficients indicate an excellent
reproducibility of these measurements, which make them reliable to be
used as normal references.

5. Limitations

First, our study was conducted at a single-center, and all the subjects
were from the same ethnic group. Therefore, our study did not take into
account the possible differences in the nerve parameters between dif-
ferent ethnic groups. Second, the brachial plexus group examination
was performed on a 1.5-T MR scanner, while the LS and DTI groups
examinations were performed on 3-T. The reason is that uniform fat
suppression is more challenging to reach at 3-T, particularly in the neck
region [37,38] than at 1.5-T. However, the brachial and LS plexi had
completely independent parameters, were evaluated separately, and
were not compared to each other. Third, we did not obtain permeability
or T2 relaxation characteristics in plexi. Hopefully, improvements in
hardware and MR techniques will be allowed for more advanced cap-
abilities in tissue characterization. Fourth, we did not study the neu-
ropathic diseases.

6. Conclusion

We have provided reference values for multimodal MR neuro-
graphy, including the nerve diameter, CR, nT2, and DTI-based FA and
ADC values. Parameter variations between the two sides, the individual
nerves groups, genders, and the age groups were also discussed. These
reference values have the potential to assist clinicians in detecting the
subtle abnormalities possibly due to the neuropathic changes.
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