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ABSTRACT

Diffusion tensor imaging (DTI) enables a non-invasive assessment of tissue architecture based on water
diffusion. High-resolution magnetic resonance imaging (MRI) systems have enhanced the visualization of
nerve compartments. This study investigates the influence of region of interest (ROI) selection on DTI
indices in ex vivo peripheral nerves. Cadaveric median nerves (n=10) were harvested and immersed in
fluorinated-carbon liquid, and 9-mm segments were scanned with a 9.4-T MRI system. Diffusion-weighted
signals were summed, and diffusion tensors were calculated for anatomical compartments using different
delineation techniques. Following the initial scan, five samples were scanned for a second time using an
identical protocol. The analysis showed that the inclusion of an inert background into the ROI significantly
reduces fractional anisotropy (FA). Significant differences in diffusion tensors were observed between the
initial and intermediate segments, with FA and mean diffusivity (MD) differing by as much as 25.2% and
25.6%, respectively. Tracing the fascicles without the interfascicular epineurium exhibited an 8.8% lower
FA compared to the delineations of the epineurium. Second MRI scans showed significant changes in dif-
fusion tensors with higher eigenvalues D;-D; and MD; along with lower FA. In conclusion, the intermediate
portions of the nerve demonstrated greater consistency in DTI indices and are recommended for analysis
over the initial portions. Using an inert liquid can minimize background effects, but the inherent diffusion
properties of the tissue must be carefully considered. Prolonged scanning times can alter diffusion tensors,
likely due to autolytic processes, underscoring the importance of consistent pre-scanning conditions and
acquisition protocols. Additionally, maintaining consistency in delineations is paramount, regardless of
whether the tracing method includes or excludes the interfascicular epineurium.

Keywords: diffusion tensor imaging; diffusion weighted imaging; fractional anisotropy; image analysis;
nerve anatomy; peripheral nerve.

INTRODUCTION

Diffusion tensor imaging (DTI) is a quantitative im-
aging modality that enables non-invasive assessment of
tissue architecture based on the anisotropic diffusion of
water molecules within tissues. Although the technique
was initially employed for central nervous system imag-
ing, recent advances in hardware and software develop-
ment have expanded its applications to other biological
systems, including the peripheral nerves (Jeon et al.,
2018). Numerous DTI protocols have been established,
facilitating the assessment of peripheral nerve injuries in
rodent models and enabling the differentiation between
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intact, transected, and regenerating nerves (Lehmann et
al., 2010). Studies have demonstrated the high diagnos-
tic accuracy of DTI in detecting peripheral nerve injuries
in humans (Breckwoldt et al., 2015; Gallagher et al.,
2015) and its potential for identifying peripheral neurop-
athies. Consequently, DTI of peripheral nerves may hold
promise for diagnosing nerve entrapment syndromes or
diabetic neuropathy (Chen et al., 2023; Goyal et al.,
2022; Wang et al., 2022).

Clinical MRI systems present challenges in imaging
peripheral nerves due to their small caliber, resulting in
limited image resolution. High-field MRI, which utilizes
stronger magnetic fields than the standard 1.5-T or 3-T
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systems, allows more precise delineation of finer struc-
tures such as nerve fascicles (Jeon ef al., 2018). Re-
cently, high-field 7-T MRI systems have demonstrated
the ability to depict interneural architecture with signif-
icantly improved signal-to-noise ratio. However, these
systems are primarily utilized for research purposes due
to their complexity, high cost, and the limited availabil-
ity of reference data (Cosottini & Roccatagliata, 2021;
Sveinsson et al., 2022). To evaluate diffusion within the
much smaller anatomical compartments of peripheral
nerves, even stronger magnetic fields or special coils
can be utilized. However, such protocols are typically
limited to ex vivo conditions due to the need for high-
sensitivity MRI probes, extended scanning times, and
increased susceptibility to motion artefacts (Awais et
al., 2022).

The superior resolution of high-field MRI images
enables a more detailed selection of regions of interest
(ROI), particularly when considering perineural tissue
or intraneural anatomical compartments. Nonetheless,
the influence of ROI selection on diffusion tensor indi-
ces obtained with high-field MRI is not well understood.
Preclinical 9.4-T high-field MRI systems have demon-
strated large variability in diffusion tensors across dif-
ferent anatomical compartments of the peripheral
nerves. These studies have shown that the interfascicular
epineurium exhibits most isotropic diffusion, whereas
the perineurium and fascicles have more anisotropic wa-
ter movement (Awais et al., 2022; Pusnik et al., 2023).
This study sought to further elucidate factors related to
the ROI selection that could potentially interfere with
diffusion tensor indices of peripheral nerves.

MATERIALS AND METHODS

Specimens and ethical approval

The nerve samples were obtained from ten cadavers
during standard autopsy procedures at the Institute of Fo-
rensic Medicine, Faculty of Medicine, University of
Ljubljana. Additionally, five samples previously utilized
in a study employing a similar MRI protocol (Pusnik e?
al., 2023) were included for histological cross-referenc-
ing. Limited data was available regarding the medical sta-
tus of the cadavers. This study was approved by the Na-
tional Medical Ethics Committee of the Republic of Slo-
venia (Permits No.: 0120-239/2020/3, 0120-536/2019/7).

Approximately 20-mm-long segments of median
nerves were harvested from the mid-arm within 24 hours
post-mortem. Each sample was shortened to a 9-mm-long
segment, and the surrounding connective tissue was
partly removed. Those segments were snap-frozen in lig-
uid nitrogen and stored at -80 °C until acquisition.
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Diffusion tensor imaging

The samples were placed in a glass tube filled with
perfluorinated liquid (Galden SV110, Solvay, Brus-
sels, Belgium). This liquid prevented desiccation dur-
ing scanning and did not produce any MR signal (Snoj
et al., 2020). Magnetic resonance imaging has been
conducted on 9.4-T wide-bore vertical superconduct-
ing magnet Jastec (Jastec Superconductor Technology,
Tokyo, Japan) with 400 MHz proton NMR frequency
connected to an NMR/MRI spectrometer (Tecmag,
Houston TX, United States).

DTI imaging was performed with a three-dimen-
sional (3D) pulsed gradient spin-echo (PGSE) imaging
sequence in 19 different gradient directions with 5= 1150
s/mm? and one 7>-weighted image without diffusion
weighting (b = 0 s/mm?). The scanning was performed
with the following parameters: TE = 36 ms, TR = 880 ms
6 =27 ms, A = 3 ms; Go = 260.7 mT/m, field of view
(FOV)=19 x 9.5 x 10 mm?; slice thickness = 625 pm; no
interslice gap; acquisition and reconstruction matrix =
256 x 128 x 16; and 4 signal averages. The temperature
within the MRI was set at 20 = 2 °C. Each sample was
scanned independently, with a total scanning time of 40
hours per nerve sample.

Diffusion tensor calculations

Detailed image analysis was performed using using
Imagel] software (National Institutes of Health, Be-
thesda, MD, USA). The analysis was conducted manu-
ally or with semi-automatic threshold detection, depend-
ing on the specific parameter being evaluated. ROIs
were delineated using the ROI manager plugin and the
measure function. The diffusion tensors of the deline-
ated peripheral nerve components were then calculated
as previously described (Awais et al., 2022). In brief, the
fascicles were recognized as hypointense oval to round
tissue, surrounded by a thin layer of more hyperintense
perineurium. The surrounding connective tissue was
considered an interfascicular epineurium, while the
outer rim represented the epineurium. To improve the
signal-to-noise ratio of the diffusion-weighted imaging
signals (in 19 different gradient directions), the diffu-
sion-weighted signals of all voxels within the selected
region were first summed, and then the diffusion tensor
was calculated from these signals and diagonalized to
obtain the corresponding diffusion eigenvalues (D;, Dy,
D3) and eigenvectors (e, e, e3) of the region. This ap-
proach yielded more accurate results for eigenvalues and
eigenvectors than their direct calculation for each voxel,
followed by their averaging over the selected region.
From the known diffusion eigenvalues of the region, it
was possible to further calculate two indices, namely the
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mean diffusivity (MD) and the fractional anisotropy
(FA) (Eq. 1 and Eq. 2). All the calculations were per-
formed using a C programming language program, de-
veloped and previously described by the authors (Pusnik
etal.,2023).

MD = D1+D32+ D3 M
— 2 - 2 — 2
FA = \E V(D1=MD)2?+(D;=MD)?+(D3—~MD) @

JD% +D2+D?

Analysis of diffusion tensors

Five intermediate sections were randomly chosen
from each nerve, and the nerve cross-sectional area was
delineated in different fashions. Measurements were
conducted by tracing the nerve cross-sectional areas
(CSA) and then repeating the delineations with incre-
mentally increased background proportions using the
ROI manager and measure function. Each section was
analyzed four times, based on the background propor-
tion: without background (tracing only the nerve CSA),
and with 25%, 50%, and 100% additional background.
For the inter-slice variability analysis, the initial two and
final two sections containing nerve had the nerve’s CSA
delineated. Their mean diffusion tensors were compared
to the mean diffusion tensors calculated from five inter-
mediate slices.

The impact of interfascicular epineurium on diffu-
sion tensor indices was evaluated by comparing two
tracing methods, each applied on five consecutive MRI
sections of each nerve. These sections were the same
as used for the background assessment. The initial trac-
ing of fascicles included all fascicles combined, includ-
ing the interfascicular epineurium, but without the sur-
rounding connective tissue extending beyond the epi-
neurium. The consequent delineations were performed
by tracing the fascicles without the interfascicular epi-
neurium. Additionally, each section had diffusion ten-
sors calculated by delineating approximately 4 and %
of randomly chosen nerve fascicles.

Second acquisition of samples

Straight after the initial scan, a second acquisition
of five nerves was performed. The second MRI acqui-
sition was made with an identical imaging protocol. The
images of initial and second scan were cross-referenced
and five cross-sections of each nerve were compared in
the same fashion as described for the initial scan.
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Fascicular ratio analysis: manual vs.
threshold

Fascicular ratio (FR) was calculated as a quotient
between net fascicular CSA and nerve CSA (Snoj et al.,
2024). Manual assessment of FR was performed by
manually delineating the nerve and fascicles. The semi-
automatic assessment was conducted using the thresh-
old function, by incrementally adjusting the fascicle
area and then calculating the FR.

Reference image effect on fascicle count

Histological analysis was conducted on five me-
dian nerve samples previously used in another experi-
ment where diffusion tensor indices were calculated
(Pusnik ef al., 2023). The samples were scanned using
a similar MRI protocol. Immediately following MRI ac-
quisition, the nerves were frozen in liquid nitrogen and
sectioned into 10-pm-thick histological sections using a
cryostat (Leica, CM 1950, Leica Microsystems GmbH,
Wetzlar, Germany) for the purposes of this study. The
sections were stained with hematoxylin and eosin, vis-
ualized using a Nikon Eclipse 80i microscope (Nikon,
Tokyo, Japan), and captured under 40x magnification
with the Microscope camera ODC 841 (Kern & Sohn,
Balingen, Germany) at a resolution of 5440 x 3648 pix-
els. Five histological sections with minimal procedural
artifacts and the greatest similarity in shape pattern to
the corresponding T>-weighted MRI images were se-
lected for cross-referencing. A comparison of fascicle
counts was performed through repeated evaluations of
these sections, first without reference to the histological
cross-sections and then with the histological cross-sec-
tions available for comparison.

Intra- and inter-rater agreement

Intra-rater and inter-rater agreement were assessed
using intraclass correlation coefficients (ICC). One
month after the initial evaluation, the nerve and fascicu-
lar areas of one section per nerve sample were re-delin-
eated by the original evaluator. To calculate inter-rater
agreement, the same sections were delineated by a sec-
ond, independent evaluator. FAs were calculated from
the delineated areas and compared using ICC as de-
scribed below.

Statistical analysis

Data are presented as means with standard devia-
tions or proportions, as appropriate. Statistical analysis
and graphing were performed using GraphPad Prism 10
(GraphPad Software Inc., San Diego, CA, USA), while
inter-rater and intra-rater agreement were calculated us-
ing SPSS (IBM Corp., Armonk, NY, USA). Intra-rater
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and inter-rater reliability were analyzed using the two-
way mixed ICC (absolute agreement, single measure-
ment) and interpreted according to established guide-
lines (Koo & Li, 2016). Diffusion tensors were ana-
lyzed using repeated measures t-tests or repeated
measures analysis of variance (ANOVA), depending on
the number of groups being compared. To assess the
variability of diffusion tensors between sections of the
same nerve, the coefficients of variation of FA for
shorter nerve portions were calculated and then com-
pared using a repeated measures t-test (initial portion
vs. intermediate portion). Differences were considered
significant at p-values below 0.05.

RESULTS

To evaluate the influence of background effect on
diffusion tensors, the nerves were analysed with vary-
ing proportions of the surrounding background. Nerves
delineated with an additional 25% of surrounding back-
ground in the ROI exhibited a 2% lower F4 compared
to delineations without background (p < 0.0001), while
those with a 100% surplus of background in the ROI
showed a 7% decrease in F4 (Table 1). Repeated
measures ANOVA revealed significant differences be-
tween the measurements performed with varying pro-
portions of surrounding background for all analyzed ei-
genvalues D;-3, MD, and FA (all p <0.001).

To test whether different portions of the samples
differ in diffusion tensors, the initial and intermediate
portions were compared. The interslice comparison
showed significant differences between the initial and
intermediate portions in all analysed diffusion tensors
(all p < 0.0001), with intermediate portions exhibiting
much higher F4 values than initial. The differences in
FA4 and MD differed up to 25.2% and 25.6%,

Table 1. Background effect on diffusion tensors.

respectively (Table 2). There were no correlations be-
tween changes in F'4 and MD. A repeated measure t-test
showed that initial portions had significantly larger co-
efficients of variation over the intermediate portions
(p =0.005).

The influence of the interfascicular epineurium on
the diffusion tensors of the nerve was evaluated using
different delineation techniques. Fascicles had 8.8%
higher F4 compared to fascicles with interfascicular ep-
ineurium (p < 0.0001) (Table 3). Half fascicles or two-
thirds of fascicles demonstrated similar values with
non-significant differences compared to all fascicles.
There was a strong positive correlation between the fas-
cicular FA and FA of fascicles with interfascicular epi-
neurium (» = 0.98; p <0.0001).

To assess test-retest reliability of MRM acquisi-
tion, five samples were scanned again, and their diffu-
sion tensors were compared. The analysis of the identi-
cal sections with second sample acquisition showed sig-
nificant differences in eigenvalues Di-3, MD, and FA
(Table 4).

FR was calculated manually and using semi-auto-
matic technique. Manual FR was 0.46 + 0.09, while the
semi-automatic FR was significantly higher, 0.53 +
0.08 (»p = 0.0002). The delineation of fascicles with ref-
erential histological images enabled the delineation of
more fascicles (8.48 = 4.73) compared to the blind as-
sessment (8.00 +4.52) (p < 0.001; Fig. 1).

The intra-rater and inter-rater repeatability for dif-
fusion tensor calculations from manually delineated
nerve CSA and fascicular CSA was excellent in both
assessed parameters (Table 5). The lowest agreement
has been detected for the nerve fascicles compared be-
tween both raters.

D, D; D3 MD FA
CSA nerve 0.53+0.22 035+£0.13 034+0.12 041£0.15 0.26+0.05
CSA nerve with 25% background 0.51+020 035+0.13 033+0.12 040+0.15 0.25+0.05
CSA nerve with 50% background 049+0.19 034+0.12 032+0.12 038=+0.14 0.24+0.05
CSA nerve with 100% background 0.48+0.19 033+0.12 031=+0.11 037+0.14 0.24+0.05

Data are presented as mean + standard deviation, calculated from 10 median nerve samples, each with 4 different delineation
techniques. CSA — cross-sectional area; Dy — eigenvalues [x10”° m?/s]; FA — fractional anisotropy; MD — mean diffusivity

[x10° m¥s].
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Figure 1. Fascicle tracing process with the presence and absence of a referential histological image. Panel A depicts
the histological section of the median nerve (haematoxylin and eosin, %20 magnification, slice thickness = 10 um),
and panels B and C, the corresponding magnetic resonance microscopy section (slice thickness = 650 um). Panel B
displays the initial fascicle tracing with the evaluator blinded to the referential cross-section, while panel C demon-
strates the re-delineation of fascicles with the evaluator unblinded to the referential histological section. Note the
additional fascicle being recognized, consequently raising the total fascicle count. The CSA of additional fascicle is
negligible compared to the sum of areas of the remaining fascicles.

Table 2. Inter-slice comparison of absolute differences in diffusion tensors between initial and intermediate portions.

AD; (%) AD; (%) AD; (%) AMD (%) AFA (%)
Nerve 1 0.11 (34.7) 0.09 (36.3) 0.09 (37.1) 0.10 (35.9) 0.01 (7.1)
Nerve 2 0.18 (19.6) 0.11 (17.5) 0.08 (15.3) 0.12 (18.0) 0.02 (7.7)
Nerve 3 0.10 (21.0) 0.07 (18.7) 0.08 (22.0) 0.08 (20.6) 0 (0)
Nerve 4 0.08 (11.8) 0.06 (12.1) 0.04 (8.9) 0.06 (11.1) 0.01 (3.0)
Nerve 5 0.02 (5.7) 0.02 (6.0) 0.02 (5.5) 0.02 (5.7) 0 (0)
Nerve 6 0.04 (7.2) 0.02 (4.6) 0.02 (7.1) 0.03 (6.5) 0.01 (2.3)
Nerve 7 0.06 (7.6) 0.02 (2.7) 0.01 (2.9) 0.03 (5.0) 0.03 (9.1)
Nerve 8 0.16 (19.1) 0.07 (13.2) 0.06 (11.8) 0.08 (12.6) 0.08 (25.2)
Nerve 9 0.18 (26.8) 0.11 (24.5) 0.11 (24.8) 0.13 (25.6) 0.02 (6.2)
Nerve 10 0 (0) 0 (1.1 0.01 (6.0) 0 (1.5) 0.02 (5.4)
Mean [range]  0.09 [0-0.18] 0.06[0-0.11]  0.05[0-0.11]  0.06[0-0.13]  0.02 [0-0.08]

Data are presented as (absolute) mean differences between four initial and five intermediate sections with proportions. Data
are presented for each nerve separately. Dy — eigenvalues [*10-° m?/s]; FA — fractional anisotropy; MD — mean diffusivity
[*10° m%s].

Table 3. Analysis of fascicular diffusion tensors with different delineation techniques.

D, D; D; MD FA
All fascicles 0.97+£0.13 0.58+0.10 053+0.10 0.69+0.11 0.34+0.05
Y of fascicles 0.93+0.11 0.57+0.11 052+0.10 0.69+0.11 0.34+0.05
% of fascicles 0.95+£0.16 0.57+0.10 0.52+£0.10 0.68+0.12 0.33+0.04
Fascicles with IE 0.86+0.14 0.53+0.10 0.49+0.10 0.63+0.11 0.31+0.05

Data are presented as mean + standard deviation for all nerves. Dy — eigenvalues [x10” m?/s]; FA — fractional anisotropy;
IE — interfascicular epineurium; MD — mean diffusivity [x10 m?/s].
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Table 4. Prolonged scanning time effect on diffusion properties.

D, D; D; MD FA
First acquisition 0.267 0.200 0.189 0.218 0.200
Second acquisition 0.285 0.222 0.211 0.239 0.172
A 0.018 0.022 0.022 0.021 -0.028
(%) (6.8) (11.3) (11.8) (9.6) (-14.2)
P value 0.009 0.0005 <0.0001 0.0005 0.01

Data are presented as means. Dy — eigenvalues [x10° m?/s]; FA — fractional anisotropy; IE — interfascicular epineurium;
MD — mean diffusivity [x10° m%s]; ns — non-significant; A (%) — difference between the acquisitions with proportions.
Statistical analysis was conducted using repeated measures #-test.

Table 5. Intra-class correlation coefficients.

Intra-rater ICC  Inter-rater ICC

0.99
0.95

0.99
0.91

FA of nerve
FA of fascicles

FA — fractional anisotropy; ICC — intra-class correlation
coefficient.

DISCUSSION

In this study, we evaluated analysis-associated fac-
tors influencing diffusion tensors of peripheral nerves.
Factors related to ROI selection or acquisition protocol
significantly impacted diffusion tensors, underscoring
the importance of considering these factors when inter-
preting the results of similar studies.

The surrounding background of MRI-acquired im-
ages consisted of a perfluorinated liquid without hydro-
gen atoms and produced no detectable MR signal
(Awais et al., 2022); however, ROI size selection signif-
icantly influenced diffusion tensors. This was likely due
to the sensitivity to background noise (Alibegovic et al.,
2024). Increasing the ROI area by 25% of the back-
ground yielded significant differences compared to val-
ues obtained when delineating only the epineurium.
However, minor delineation errors should not substan-
tially affect the diffusion tensors. It is important to note
that muscle and connective tissue in vivo contain hydro-
gen atoms, and each tissue type exhibits distinct diffu-
sion properties (Bihan, 1995; Seehaus et al., 2015).
Therefore, the inclusion of the surrounding background
into the ROI could notably reduce the FA. To avoid such
mistakes, authors also report the highest /4 rather the
the mean value (Tanitame et al., 2011).

The differences between diffusion tensors of the in-
termediate and initial sections might be attributed to the
partial volume effect. Notably, the MRI sections were
625 pm thick, and the samples not extending through the
entire section are expected to show different diffusion
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properties, similar to delineations with the background.
Moreover, the traumatic injuries caused by sample pro-
cessing may affect the structural integrity and, conse-
quently, the diffusion tensors (Prats-Galino et al., 2018).
Additionally, nerve positioning and twisting of fibres
could influence diffusion tensors. It is also likely that the
partial overlap between the initial and ending sections
could interfere with the diffusion tensors. This overlap
(i.e., mirror artifact) occurred due to the specific MR set-
tings. The lower dispersion of eigenvalues observed in
the intermediate nerve portions suggests that these por-
tions are preferable for analysis over the initial sections.

Studies have shown that interfascicular epineurium
exhibits lower values of F4 compared to fascicles or
perineurium, and this significantly affects the FA of the
nerve (Awais et al., 2022; Pusnik et al., 2023). However,
a strong positive correlation between FA of the fascicles
and FA of fascicles with interfascicular epineurium in-
dicates that differences between individuals should be
able to be detected regardless of the delineation tech-
nique; nonetheless, the samples should be analysed in
the same manner.

Analysis of diffusion tensors on images acquired
with consecutive scans revealed differences in diffusion
tensor metrics, likely attributable to prolonged scanning
times. The observed increase in eigenvalues and MD
with simultaneously decreased FA are consistent with
the autolysis of cellular components. This phenomenon
was anticipated and partly attributed to the extended
scanning window. Immersion of samples in carbon-
fluorinated liquid presumably mitigated the autolytic
process and did not interfere with the MR signal due to
the absence of hydrogen atoms (Awais et al., 2022). It is
likely that smaller-caliber nerves, such as the sural nerve
(Fisse et al., 2021), would be even more affected by the
desiccation process. Moreover, to minimize the effect of
long acquisition times, the scanning protocol was opti-
mized by capturing all 20 images simultaneously rather
than sequentially. This strategy evenly distributed any
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potential volume changes across all images, minimizing
the impact on the calculation of diffusion tensor indices.
A shorter scanning time could reveal more comparable
data between consequent scanning and should be con-
sidered in future studies; however, such protocols come
with a cost of a lower signal-to-noise ratio or/and lower
image resolution (Longmore, 1989; Weber et al., 2021).

The presence of the referential histological image
had a significant impact on the fascicle count, particu-
larly due to the recognition of smaller fascicles hidden
in the hyperintense interfascicular epineurium on T-
weighted images. As these fascicles were small in size,
their recognition is likely not important in diffusion ten-
sor calculations; however, the influence of evaluator be-
ing blinded or unblinded to the referential image is cru-
cial in studies that evaluate fascicle differentiation with
different radiological methods (Snoj et al., 2024). The
slightly lower reliability of diffusion tensor measure-
ments between two raters, which still remained high,
could less likely be attributed to an overlooked fascicles.
However, a more significant factor might be the deline-
ation technique employed and the precision of the eval-
uator, as the perineurium and interfascicular epineurium
possess diffusion tensor properties that differ considera-
bly from those in the nerve fascicles (Awais et al., 2022;
Pusnik et al., 2023).

This study has some limitations. First, the influence
of factors associated with the MRI protocol was not
evaluated, as the focus was on elucidating the impact of
ROlI-associated factors on diffusion tensors. Second, the
ambient temperature was not strictly regulated, so minor
fluctuations in room temperature could have influenced
the results, especially considering the temperature de-
pendence of diffusion. Third, the samples were obtained
from cadavers with varying post-mortem intervals,
which could potentially affect diffusion tensor indices.

In conclusion, the intermediate portions of nerves
are recommended for diffusion tensor analysis, with
manual tracing of the nerve CSA preferred over semi-
automatic methods. While minor background effects can
be disregarded when using an inert liquid, special atten-
tion must be given when the background comprises tis-
sues with varying diffusion properties. Prolonged acqui-
sition times can potentially affect diffusion tensors,
highlighting the necessity for standardized pre-scanning
conditions, sample handling, and acquisition protocols.
Finally, consistency in delineations is paramount, re-
gardless of whether the tracing method includes or ex-
cludes the interfascicular epineurium.
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