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Low back pain (LBP) is a very common condition that 
is known to be among the leading causes of years 
lived with disability, entailing significant decreases 

of quality of life.13,19,41,43 Aside from perceiving pain focal-
ly in the lower back, patients can suffer from additional or 
isolated lumbosacral radicular syndrome (LRS), which is 

commonly referred to as a radiating pain, perceived in one 
or more lumbar or sacral dermatomes that may be accom-
panied by other radicular irritation symptoms in addition 
to the pain, such as paresthesia or impairment of motor 
function.14,40 LRS shows a high prevalence of 4.6%–13.4% 
and a high lifetime prevalence of 1.2%–43%.28,40 LRS is 
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OBJECTIVE Lumbosacral radicular syndrome (LRS) is a very common condition, often requiring diagnostic imaging 
with the aim of elucidating a structural cause when symptoms are longer lasting. However, findings on conventional 
anatomical MRI do not necessarily correlate with clinical symptoms, and it is primarily performed for the qualitative eval-
uation of surrounding compressive structures, such as herniated discs, instead of to evaluate the nerves directly. The 
present study investigated the performance of quantitative imaging by using magnetic resonance neurography (MRN) in 
patients with LRS.
METHODS Eighteen patients (55.6% males, mean age 64.4 ± 10.2 years), with strict unilateral LRS matching at least 
one dermatome and suspected disc herniation, underwent high-resolution 3-T MRN using T2 mapping. On T2 maps, 
the presumably affected and contralateral unaffected nerves were identified; subsequent regions of interest (ROIs) were 
placed at preganglionic, ganglionic, and postganglionic sites; and T2 values were extracted. Patients then underwent 
an epidural steroid injection (ESI) with local anesthetic agents at the site of suspected nerve affection. T2 values of the 
affected nerves were compared against the contralateral nerves. Furthermore, receiver operating characteristics were 
calculated based on the measured T2 values and the responsiveness to ESI.
RESULTS The mean T2 value was 77.3 ± 1.9 msec for affected nerves and 74.8 ± 1.4 msec for contralateral nerves (p 
< 0.0001). In relation to ESI performed at the site of suspected nerve affection, MRN with T2 mapping had a sensitivity/
specificity of 76.9%/60.0% and a positive/negative predictive value of 83.3%/50.0%. Signal alterations in affected nerves 
according to qualitative visual inspection were present in only 22.2% of patients.
CONCLUSIONS As one of the first of its kind, this study revealed elevated T2 values in patients suffering from LRS. 
T2 values of lumbosacral nerves might be used as more objective parameters to directly detect nerve affection in such 
patients.
https://thejns.org/doi/abs/10.3171/2018.10.SPINE181172
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most often suspected to be caused by compression of the 
nerve root by degenerative disc material.

In the course of severe or longer-lasting LRS with or 
without LBP, imaging methods, including CT and anatom-
ical MRI, are routinely applied in an attempt to identify 
structural pathologies that might be responsible for nerve 
compression and thus the pain condition. In cases in which 
multisegmental structural pathologies are present or symp-
toms are not clearly associated with one nerve root only, 
selective segmental nerve blocks by epidural steroid injec-
tions (ESIs) and local anesthetics may be helpful in detect-
ing and treating the particular site most probably causing 
LRS.40,42

Regarding imaging, MRI is often preferred over CT 
because of the absence of radiation exposure and a bet-
ter visualization of soft tissues, thus enhancing the visual 
detection of herniated discs.26,40 However, it is well known 
that imaging findings do not necessarily correlate with 
clinical symptoms. In previous investigations, herniated 
discs were identified by CT or MRI in about 20%–36% 
of asymptomatic subjects, and symptoms can even resolve 
under conservative treatment without a detectable volume 
decrease of the herniated disc in a considerable number of 
patients.12,20,31

Magnetic resonance neurography (MRN) has gained 
increasing importance as a novel add-on diagnostic tool 
that enables the identification and characterization of 
various nerve pathologies.7,9 When performed with ad-
vanced high-resolution sequences, MRN can even depict 
the small and highly oblique nerves of the brachial plexus 
or lumbosacral plexus (LSP), which are known to be par-
ticularly challenging for imaging.4,10,11,21,36 However, most 
previous work has relied on qualitative MRN evaluations 
with a focus on the assessments of signal alterations on 
T2-weighted images, although MRN principally also of-
fers the possibility for quantitative evaluation.4,10,11,21,36 In 
this context, evaluation of nerves only based on qualita-
tive parameters remains challenging and is regarded as 
subjective; in contrast, quantitative methods, such as T2 
mapping, may reflect a more objective approach. Recent 
studies have successfully applied T2 mapping of the LSP 
in healthy subjects, with the aim of providing normative 
T2 values and evaluating reliability.29,37 However, research 
on quantitative MRN by means of T2 mapping is lacking 
in patients with LRS, although it might improve imaging-
based diagnostics by providing more objective information 
about the affected nerves themselves instead of primarily 
enabling qualitative evaluation of compressing surround-
ing structures, as conventional anatomical MRI does.

In the present study, we applied high-resolution MRN 
with T2 mapping of LSP nerves in patients suffering from 
unilateral LRS related to disc herniation to detect affected 
nerves by means of quantitative imaging and to correlate 
imaging data with clinical symptoms and the results of 
ESI.

Methods
Ethics

The study protocol was approved by the local ethics 
commission and was followed in accordance with the 

Declaration of Helsinki. Written informed consent was 
obtained from all patients prior to MRN.

Patients and Study Inclusion
We applied high-resolution MRN in combination with 

T2 mapping for the quantitative evaluation of LSP nerves 
in patients suffering from LRS with or without LBP. 

The following inclusion criteria were defined prior to 
enrollment:
•	 written informed consent
•	 age above 18 years
•	 strict unilateral LRS matching at least one dermatome 

(according to clinical examination)
•	 presence of symptoms (pain with or without additional 

paresthesia or impairment of motor function) for at 
least 4 weeks and not longer than 6 months

•	 previous anatomical MRI suggesting disc herniation 
due to degeneration with unilateral nerve contact of de-
generated disc material, and

•	 scheduled unilateral ESI for diagnostic purposes (at the 
site of the affected nerve according to clinical exami-
nation and previous anatomical MRI findings).

The following exclusion criteria were considered:
•	 pregnancy
•	 contraindications to MRI (e.g., cochlear implant)
•	 contraindications to ESI (e.g., blood coagulation disor-

ders, suspected or confirmed allergy to local anesthet-
ics or corticosteroids)

•	 previous surgery at the lumbar spine level (except for 
surgical decompression without any implants)

•	 previous ESI within 4 weeks prior to MRN scheduled 
for this study, and

•	 bilateral LRS or no clear radicular pain (according to 
clinical examination).
Patients fulfilling the inclusion criteria first underwent 

further detailed clinical examination, including assess-
ments of coordination, sensory function, and lower-ex-
tremity muscle strength according to the British Medical 
Research Council (BMRC) scale. Furthermore, the Oswes-
try Disability Index was administered prior to MRN.16,17 
Overall perception of radicular pain was classified accord-
ing to the visual analog scale (VAS).30,34

MRN
Image Acquisition

MRN was performed using a 3-T whole-body MRI 
scanner (Ingenia, Philips Healthcare) in combination with 
a 16-channel torso coil array and a posterior 12-channel 
coil array. The scanning protocol included the following 
sequences: a flow-suppressed T2-weighted, 3D turbo spin 
echo (TSE) sequence with an isotropic voxel size of 2 mm 
to depict LSP anatomy, with the field of view (FOV) cov-
ering at least the LSP nerves L2–S2;4,37 and an adiabatic 
T2-prepared, 3D TSE sequence with fat suppression us-
ing spectral attenuated inversion recovery and variable 
duration of the T2 preparation for the purpose of T2 map-
ping of LSP nerves with the following sequence param-
eters: FOV 38 × 38 × 8 cm3; acquisition voxel 2 × 2 × 2 
mm3; echo train length 80; T2 preparation durations of 
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20/40/60/80 msec; TR 1.6 seconds; and TE of the TSE 
shot 15 msec.25,37

A modified B1-insensitive rotation pulse was applied for 
T2 preparation in order to minimize the sensitivity to B0 
and B1 inhomogeneities.25,37 The same scanning protocol 
using the same MRI scanner has been applied previously 
in healthy subjects.37 The duration of the T2 mapping se-
quence was 6 minutes 48 seconds.

Data Analysis
A voxel-by-voxel approach with a combination of gold-

en section search and variable projection was used to gen-
erate T2 maps.18,24,37 The obtained maps were uploaded to 
Horos software (version 1.1.7; https://www.horosproject.

org), which was used for placement of regions of interests 
(ROIs) and extraction of T2 values. The steps of postpro-
cessing, including calculation of T2 values and ROI place-
ment, were analogously performed previously in healthy 
individuals.37

During analysis, the investigator (with experience in 
neuroradiological imaging since 2012) was blinded to the 
side of symptoms but was informed about the level of sus-
pected nerve contact with degenerated disc material ac-
cording to previous anatomical MRI. Then, the level of 
the affected nerve was identified on the T2 maps with an 
applied color scheme, which did not allow for structural 
diagnosis of disc herniation (Fig. 1). The respective map 
was partly averaged (isotropic voxel size of 3 mm) and 

FIG. 1. This figure illustrates two representative cases: one without a side-related difference in T2 values (upper row) and the 
other with unilateral elevated T2 values according to T2 mapping (lower row) when considering the level of the suspected nerve in 
contact with degenerated disc material and causing symptoms. The figure first shows a sagittal overview of the lumbosacral spine 
(upper left and lower left) followed by coronal slices derived from the T2-weighted (T2W) 3D TSE sequence (maximum intensity 
projection [MIP]; upper center and lower center). Areas depicted in the green boxes are shown in the upper right and lower right 
panels; these images show T2 maps superimposed on coronal slices of the 3D TSE sequence, which were taken for extraction 
of T2 values (in msec [ms]) at preganglionic, ganglionic, and postganglionic sites at the level where the nerve is thought to make 
contact with degenerative disc material and cause symptoms. Both patients suffered from unilateral LRS that matched at least one 
dermatome according to clinical examination. Figure is available in color online only.
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manually reformatted to display a maximum length of the 
nerve course captured within the respective FOV (Fig. 1). 
Manual placement of polygonal ROIs in the axial slices 
of the T2 maps was then performed for the left and right 
nerves at the affected level at preganglionic (approximate-
ly 1 cm before the ganglion), ganglionic (in the middle of 
the ganglion), and postganglionic (approximately 1 cm af-
ter the ganglion) sites, and T2 values of these ROIs were 
subsequently extracted. This approach had shown high re-
producibility in a previous study.37

As an internal reference, the L2 nerve on both sides 
was subsequently identified, and preganglionic, ganglion-
ic, and postganglionic ROIs were drawn analogous to the 
approach on the affected level. Thus, 12 measurements of 
T2 values were performed in each patient (preganglionic, 
ganglionic, and postganglionic T2 values at the affected 
nerve level of both sides, and preganglionic, ganglionic, 
and postganglionic T2 values belonging to L2 of both 
sides). The preganglionic, ganglionic, and postganglionic 
measurements were averaged in each patient for each level 
and side, respectively, thus leading to 4 average T2 values 
for each patient.

After ROI placements and T2 value extractions from 
the T2 maps with applied color schemes, the T2-weighted 
3D TSE sequences were evaluated to detect any qualitative 
signal alterations of the affected nerve. This was achieved 
by careful visual inspection of the images.

ESI
ESI was performed in each patient on the same or next 

day during clinical routine after MRN by experienced 
neuroradiologists while using CT monitoring (Brilliance 

64, Philips Healthcare). The procedure was carried out 
with the patient in a prone position, starting with a first 
short planning CT scan that included the target level with 
the adjacent vertebral bodies. T2 maps were not available 
during injection planning or guidance.

Following sterile preparation, draping, and administra-
tion of local anesthesia, a spinal puncture needle (0.9 × 88 
mm; Spinocan, Braun AG) was advanced stepwise using 
a paramedian technique to the target nerve root at the site 
where it exits the respective neural foramen (Fig. 2).1,3,35 
After the correct approach and location of the needle were 
confirmed by repeated CT scans, contrast medium (Solu-
trast 250 M; Bracco Imaging GmbH) was applied to as-
sess correct local dispersion along the course of the nerve 
during a final CT scan (Fig. 2). Subsequently, 10 mg of 
corticosteroid solution (Triamcinolon; Hexal AG) and 1 
ml of a local anesthetic (Scandicain 2%; AstraZeneca Plc) 
were delivered. Each patient was asked to again rate over-
all radicular pain according to the VAS, which was admin-
istered during a follow-up telephone call the day after the 
procedure.

Statistical Analysis
All statistical data analyses and generation of graphs 

were performed using GraphPad Prism (version 6.0; 
GraphPad Software Inc.) or SPSS (version 23.0; IBM 
Corp.). A p value < 0.05 was defined as statistically sig-
nificant.

The average T2 values of the affected nerve level on 
both sides were first grouped in measurements from the 
affected nerve and the contralateral nerve. For these mea-
surements, those derived from the L2 nerve on both sides 
(as the control level) and patient characteristics, descrip-
tive statistics, including absolute or relative frequencies, 
mean ± SD, median, minimum, and maximum, were cal-
culated. The Shapiro-Wilk normality test indicated nor-
mal data distribution for the obtained T2 values.

We then compared the T2 values of the affected nerve 
against the contralateral nerve by using paired t-tests. The 
right- and left-sided T2 values of the L2 nerve as the con-
trol level were analogously compared against each other 
using paired t-tests.

Furthermore, after these data evaluations, we decided 
to define the following criteria for T2 values and respons-
es to CT-guided ESI: aberrant T2 value (an aberrant T2 
value for the affected nerve was defined as a value being 
outside of the range of the mean ± 2× SD derived from 
the contralateral nerve at the same level when consider-
ing the measurements of the whole cohort), and missing 
positive response to ESI (a change of the VAS score of < 
50% when comparing the individual VAS scores before 
and after ESI).

To be able to calculate receiver operating character-
istics (ROCs) for the comparison of T2 values and re-
sponsiveness to ESI, we defined true positive (TP), true 
negative (TN), false positive (FP), and false negative (FN) 
fractions as follows:
•	 TP: aberrant T2 value AND positive response to ESI
•	 TN: nonaberrant T2 value AND missing positive re-

sponse to ESI

FIG. 2. This image shows an example of the approach used for CT-
guided ESI in a representative case of a patient suffering from left-sided 
LRS corresponding to the S1 dermatome. After contrast medium was 
applied, corticosteroid solution and local anesthetics were delivered.
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•	 FP: aberrant T2 value AND missing positive response 
to ESI, and

•	 FN: nonaberrant T2 value AND positive response to 
ESI.
Furthermore, we also compared T2 values to qualita-

tive, visually assessed signal alterations in the T2-weighted 
3D TSE sequences (TP: aberrant T2 value AND clear T2 
signal increases; TN: nonaberrant T2 value AND no clear 
T2 signal increases; FP: aberrant T2 value AND no clear 
T2 signal increases; and FN: nonaberrant T2 value AND 
clear T2 signal increases) and to the clinical status (TP: 
aberrant T2 value AND clinical symptoms with strict uni-
lateral LRS; TN: nonaberrant T2 value AND no clinical 
symptoms with strict unilateral LRS; FP: aberrant T2 val-
ue AND no clinical symptoms with strict unilateral LRS; 
and FN: nonaberrant T2 value AND clinical symptoms 
with strict unilateral LRS) within the context of further 
ROC analyses.

Results
Between April 2016 and October 2017, 18 patients (10 

males and 8 females; mean age 64.4 ± 10.2 years), all pre-
senting with strict unilateral LRS, were included. Three of 
the patients presented with additional LBP (16.7%). Previ-
ous anatomical MRI indicated disc herniation due to de-
generation with unilateral nerve contact in all cases. MRN, 
including analyses of T2 maps, was carried out successful-
ly in all patients without technical or methodological prob-
lems (Fig. 1). Cohort characteristics are shown in Table 1.

For affected nerves, the mean T2 was 77.3 ± 1.9 msec, 
whereas it accounted for 74.8 ± 1.4 msec for the contralat-
eral nerves (p < 0.0001; Table 2 and Fig. 3). Measurements 
along the left L2 nerve resulted in a mean T2 value of 73.3 
± 0.9 msec, whereas that for the right L2 nerve was 73.4 ± 
1.0 msec (p = 0.2667; Table 2). This level was regarded as 
an internal control level and, thus, did not show related LRS 
and was not affected by structural pathology according to 
anatomical MRI (Table 1). Furthermore, signal alterations 
shown on the T2-weighted 3D TSE sequences according to 
visual inspection were present within the affected nerves 
in 4 patients (22.2%), whereas the remaining 14 patients 
(78.8%) did not show any clear T2 signal alterations.

Aberrant T2 values were found in 12 patients (66.7%), 
and 13 patients (72.2%) demonstrated a positive response 
to ESI. When comparing T2 values and the responsive-
ness to ESI, 10 patients (55.6%) fulfilled the criteria for 
TP, whereas 3 patients (16.7%) fulfilled the criteria for TN. 
Another 2 patients (11.0%) were categorized as FP and 3 
patients (16.7%) as FN. Accordingly, T2 mapping showed 
a sensitivity/specificity of 76.9%/60.0% and a positive pre-
dictive value (PPV)/negative predictive value (NPV) of 
83.3%/50.0% in relation to ESI.

When considering signal alterations in the T2-weight-
ed 3D TSE sequences according to visual inspection, 
T2 mapping demonstrated a sensitivity/specificity of 
100.0%/42.9% and a PPV/NPV of 33.3%/100.0%. In re-
lationship to clinical symptoms with all included patients 
suffering from strict unilateral LRS, T2 mapping showed 
a sensitivity of 66.7% and a PPV of 100.0%.

Discussion
This study aimed to detect nerve affection due to disc 

TABLE 1. Summary of patient characteristics

Variable Value (range)

Median ODI score 41.0% (14%–74%)
Previous lumbar decompression
 Yes 16.7%
 No  83.3%
Median time since last lumbar op, yrs 29.8 (18–44)
Median duration of Sx, wks 10.0 (4–24)
Side of Sx
 Right 38.9%
 Left 61.1%
Affected nerve*
 L3 5.6%
 L4 22.2%
 L5 61.1%
 S1 11.1%
LE paresthesia/hypesthesia
 Yes 33.3%
 No 76.7%
LE motor status†
 5/5 100%
 <5/5 0%
Median VAS score
 Before ESI 7.0 (5–10)
 After ESI 2.5 (0–7)
Later lumbar decompression
 Yes 33.3%
 No 67.7%

LE = lower-extremity; ODI = Oswestry Disability Index; Sx = symptoms.
Values are presented as the percentage of patients or the median (range).
* According to clinical examination and anatomical imaging.
† According to the BMRC scale.

TABLE 2. T2 values derived from measurements at the affected 
and control levels

Nerve
Measurement Site (msec) 

Preganglionic Ganglionic Postganglionic Overall

Affected 
nerve

76.4 ± 2.2 87.3 ± 2.7 68.0 ± 1.5 77.3 ± 1.9

Contralat 
nerve

74.1 ± 1.7 84.3 ± 2.1 65.9 ± 1.7 74.8 ± 1.4

p value 0.0001 0.0001 <0.0001 <0.0001
Left L2 72.5 ± 1.1 82.9 ± 1.0 64.6 ± 1.3 73.3 ± 0.9
Right L2 72.7 ± 1.4 82.8 ± 1.0 64.8 ± 1.3 73.4 ± 1.0
p value 0.0634 0.4996 0.0827 0.2667

An overall value is given per nerve, which represents the average derived from 
these 3 segments. Measurement values are presented in milliseconds as the 
mean ± SD.
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herniation by means of high-resolution MRN in combina-
tion with T2 mapping of LSP nerves in patients with uni-
lateral LRS. We observed higher T2 values in the affected 
nerves and observed an association between T2 values and 
the individual response to ESI with local anesthetics per-
formed after MRN.

In a clinical routine, patients suffering from severe or 
longer-lasting LRS commonly undergo anatomical im-
aging as one of the first diagnostic steps with the aim of 
detecting structural pathologies as possible causes for the 
condition. However, although anatomical MRI, in particu-
lar, is capable of detecting degenerative disc disease as a 
major cause of LRS, the situation becomes complicated be-
cause it has been shown repeatedly that imaging findings 
do not necessarily correlate with clinical symptoms. In this 
context, there is a considerably high rate of anatomical ex-
aminations in which herniated discs are shown in asymp-
tomatic patients, or symptomatic patients present without 
herniated discs. Specifically, herniated discs have been 
diagnosed in about 20%–36% of asymptomatic subjects, 
and symptoms resolved without decompressive surgery 
and without detectable herniation volume decreases in a 
considerable number of patients.12,20,31 Hence, the clear at-
tribution of clinical symptoms to degenerative disc disease 
affecting nerves, but also the attribution of symptoms to an 
exact site, particularly in patients with multisegmental de-
generative changes, is difficult in a considerable percentage 
of patients when solely relying on anatomical imaging. As 
such, CT or MRI, commonly used for anatomical imaging 
in the routine clinical setting, is primarily applied for the 
evaluation of surrounding structures possibly compressing 
the nerve that is clinically suspected to be the cause of the 
LRS, but these modalities do not routinely allow for the 
specific assessment of the nerve itself. Thus, other imaging 
approaches might be highly needed, which would ideally 
be able to provide objective information about the nerve 
suspected as the cause of symptoms.

Against this background, MRN is increasingly applied 
for the delineation of peripheral nerve pathologies related 
to inflammatory, neoplastic, metabolic, traumatic, or de-
generative conditions.7–9,27 However, mostly qualitative 
MRN evaluations are performed with a focus on assessing 
signal alterations in T2-weighted imaging, which can be 
altered by such pathologies.4,10,11,21,36 Thus, to date, T2 map-
ping that can provide detailed and more objective quan-
titative assessment is not routinely performed in patients 
with LRS, although it has shown to be feasible in healthy 
individuals at the level of the LSP.31,38 Furthermore, T2 
mapping has also recently been successfully performed in 
patients with diabetic peripheral neuropathy: T2 values of 
the tibial nerve, originating from the LSP, have been shown 
to be clearly elevated in patients suffering from neuropathy 
compared to patients without neuropathy as well as healthy 
controls.44

However, the LSP is known to be particularly challeng-
ing for both qualitative and quantitative MRN approaches 
due to the complex geometry of the nerves exiting the spi-
nal canal, which require high isotropic resolution. Sufficient 
resolution has been shown to be achievable with advanced 
3D TSE or 3D fast spin echo combined with improved 
motion-sensitized driven-equilibrium preparation;4,10,11,21,36 

however, evaluation can be significantly affected by B0 
and B1 inhomogeneities that are regularly present in the 
LSP area. The T2-prepared 3D TSE sequence used in the 
present study has been demonstrated to enable B1-insen-
sitive T2 quantification with high reproducibility and suf-
ficient interobserver reliability, thus enabling T2 mapping 
of LSP nerves.37 However, the sequence has not yet been 
applied in patients with herniated discs and nerve contact, 
although the potential diagnostic usefulness seems evident.

Our current approach in such patients showed a statisti-
cally significant difference between affected and contralat-
eral nerves, with higher T2 values for the affected nerves 
compared to the contralateral nerves (Table 2 and Fig. 3). 
This was observed in a cohort of patients who all presented 
with unilateral LRS but with uncertainty regarding the dis-
tinct level of the affected nerve causing symptoms because 
diagnostic ESI was scheduled in all of these patients. Fur-
thermore, studies in only 22.2% of patients showed signal 
alterations within the affected nerves according to visual 
inspection of the T2-weighted 3D TSE sequences. For the 
nonaffected L2 nerve bilaterally, regarded as the control 
nerve, the difference in T2 values between the sides was 
not statistically significant (Table 2). Thus, our approach 
demonstrates that an aberration in T2 values is most prob-
ably due to the compressive effects of herniated disc ma-
terial, as shown by high-resolution and B1-insensitive 3D 
MRN.

Furthermore, we calculated the ROC based on the re-
sponsiveness of patients to CT-guided ESI performed 
at the level corresponding to the symptoms according to 
clinical examination and previous anatomical MRI. Evalu-
ation showed a sensitivity/specificity of 76.9%/60.0%, with 
13 cases (72.2%) being categorized as either TP or TN. In 
these patients, a good accordance between responsiveness 
to ESI and the distribution of T2 values has been shown, 

FIG. 3. T2 values derived from measurements at the affected level. The 
plots show the T2 values (in msec) of each patient for the affected and 
contralateral unaffected nerve. Horizontal lines represent the mean with 
the SD. A statistically significant difference was observed (p < 0.0001), 
with clearly higher T2 values for the affected nerves.

Unauthenticated | Downloaded 05/23/23 11:11 PM UTC



Sollmann et al.

J Neurosurg Spine Volume 30 • June 2019756

with the TN fraction probably being related to the find-
ing that a different nerve than the clinically suspected one 
might be the main cause of the symptoms. In this context, 
evaluation of T2 values at additional levels that might also 
have been affected was not performed, making it possible 
that a different nerve level was primarily causing symp-
toms, which were wrongly attributed to the nerve level 
focused on during ESI and T2 mapping. Furthermore, 5 
patients (28.8%) were categorized as FP or FN, indicating 
inconclusive results when comparing the responsiveness 
to ESI and the distribution of T2 values. In this context, 
ESI has been shown to lead to only a significant reduction 
in pain intensity in about 60%–80% of patients, on aver-
age.2,23,32,38 Thus, although aberrant T2 values are present in 
the FP fraction, ESI might have failed to relieve symptoms 
due to nonresponsiveness of selected cases. Furthermore, 
the FN fraction could have shown a positive response to 
ESI due to placebo effects, which can occur in a consid-
erable proportion of patients.33,39 Some patients exhibiting 
the FN fraction may have also experienced spreading of 
the local anesthetic into the epidural space, possibly result-
ing in distribution to adjacent nerve levels after the proce-
dure; consequently, the positive response to ESI might have 
been the result of an additional effect of the injection on a 
cranially or caudally located nerve root. Future studies are 
needed to further explore the FP and FN fractions.

Study Limitations
There are limitations to this study that need to be taken 

into account when interpreting the data. First, to evalu-
ate ROC, comparison of T2 mapping results to ESI was 
performed, with ESI being, clinically, the most widely 
available and most commonly applied diagnostic tool in 
addition to anatomical imaging for selected cases. How-
ever, further comparison of results to electromyography 
or nerve-conduction studies might be helpful to elucidate 
whether T2 mapping or ESI has provided more conclusive 
results in the FP and FN fractions. Comparisons between 
qualitative MRN and electromyography or nerve-conduc-
tion studies have already been achieved in patients with 
different nerve pathologies, demonstrating promising over-
all concordance.15 Second, a small fraction of our patients 
(16.7%) suffered from LBP in addition to unilateral LRS. 
This could have potentially confounded our results be-
cause LBP might be regarded as a multifactorial condition, 
including that it might affect multilevel nerve roots bilater-
ally. Thus, future studies may exclusively focus on patients 
presenting with unilateral LRS and without LBP. Third, we 
used T2 mapping without the additional use of diffusion-
weighted imaging, which, however, can help during iden-
tification of nerve segments and fiber courses. Fourth, the 
applied T2 preparation did not involve diffusion or flow-
encoding gradients, making the sequence potentially sus-
ceptible to signal contamination by surrounding fluid and 
vessels. Thus, more advanced T2 preparation modules with 
diffusion and flow-encoding gradients should be applied 
to eliminate such contamination.5,21,45 Fifth, T2 measure-
ments could principally be hampered by the T2-weighted 
signal intensity’s dependency on the orientation of the 
nerve in relation to the magnetic field (so-called magic-an-
gle effect); however, the incorporation of T2 changes due 

to the magic-angle effect is considered to be minor when 
the axis of a respective nerve forms a small angle with the 
main magnetic field.6,22

Conclusions
This study used high-resolution MRN with T2 mapping 

of LSP nerves in patients suffering from unilateral LRS 
related to disc herniation; we found that the affected nerves 
were characterized by elevated T2 values compared with 
the contralateral nerves, whereas an unaffected control 
level did not show any significant side-related differences 
in T2 values. This finding was revealed in patients who 
did not regularly exhibit qualitative signal alterations in 
nerves; thus, quantitative MRN by means of T2 mapping 
could be a diagnostically useful add-on tool to anatomical 
MRI in neurosurgical patients, showing an acceptable sen-
sitivity/specificity of 76.9%/60.0% in relation to ESI with 
local anesthetics.
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