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ORIGINAL RESEARCH
SPINE

MR Neurography of the Lumbosacral Plexus for Lower
Extremity Radiculopathy: Frequency of Findings,

Characteristics of Abnormal Intraneural Signal, and Correlation
with Electromyography

X J.L. Chazen, X J. Cornman-Homonoff, X Y. Zhao, X M. Sein, and X N. Feuer

ABSTRACT

BACKGROUND AND PURPOSE: MR neurography enables high resolution imaging of peripheral nerves. Our aim was to evaluate the utility
of MR neurography in lumbosacral radiculopathy and correlate abnormal intraneural signal with history, physical examination, and
abnormal electrodiagnostic study findings.

MATERIALS AND METHODS: Retrospective review of lumbosacral MR neurography examinations performed from December 2014
through January 2017 on a 3T scanner was undertaken. MR neurography examinations were independently reviewed in a blinded fashion by
2 radiologists, and the intraneural signal was graded on a 0 –2 scale relative to adjacent vasculature. Abnormal nerve signal was correlated
with subjective and objective findings from clinical notes in the electronic medical record and compared with results of electrodiagnostic
studies (nerve conduction study/electromyography).

RESULTS: Three hundred three lumbosacral MR neurography examinations were performed during the study period, 64 of which met the
inclusion criteria, including symptoms of radiculopathy on electromyography performed within 3 months of MR neurography. Twenty-
nine (45%) MR neurography examinations had abnormal intraneural signal. There was no statistically significant correlation between
subjective clinical findings and intraneural signal abnormality on MR neurography. There was a statistically significant correlation between
abnormal intraneural T2 signal and findings of active radiculopathy on electromyography (P � .001).

CONCLUSIONS: Lumbosacral MR neurography appears to demonstrate abnormal intraneural signal in a substantial portion of patients
with clinical symptoms of lower extremity radiculopathy and correlates with findings of active radiculopathy on electromyography. This
finding further bolsters the growing body of evidence on the utility of MR neurography and suggests that abnormal intraneural signal may
provide a useful adjunct to electrodiagnostic testing. Further research is required to evaluate the prognostic value of MR neurography,
which may help guide therapeutic decision-making.

ABBREVIATIONS: EMG � electromyography; MRN � MR neurography; MUAP � motor unit action potential; NCS � nerve conduction study; SPAIR � spectral
adiabatic inversion recovery

Lumbosacral radiculopathy has a prevalence of approximately

3%–5% in the general population.1 It affects men and women

equally, though the onset in men is, on average, a decade earlier

than in women.1 Clinical evaluation relies predominantly on his-

tory and physical examination. Electrodiagnostic testing includ-

ing needle electromyography (EMG) has been described as an

“extension” of the clinical examination but remains an imperfect

test with a sensitivity ranging from 49% to 86% for lumbosacral

radiculopathy.2,3 Despite its limitations, EMG can be a useful ad-

junct examination, given the high rate of false-positive findings

on spinal MR imaging in asymptomatic individuals.4,5

MR neurography (MRN), first described in 1992, is a novel tech-

nique increasingly used in clinical practice to evaluate extraspinal

neuropathy.6 The MRN technique relies on high-field-strength mag-

nets, anisotropic diffusion along the nerve path, and fat-suppressed

T2-based imaging with long TEs to optimize intraneural signal. En-

doneural fluid and T2 signal are increased with nerve irritation and

compression.7 A variety of neuropathies can be evaluated with MRN,

including neoplastic, traumatic, and inflammatory/autoimmune

disease.8 MRN of extraspinal nerve entrapment has generated partic-

ular interest. In an investigation by Lewis et al,9 abnormal sciatic

nerve signal and findings of entrapment were seen in 12 of 14 patients

on MRN, with sciatica symptoms and unrevealing lumbar spine MR
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imaging. Furthermore, additional important anatomic findings such

as a split piriformis muscle belly and aberrant sciatic nerve course can

be evaluated at the time of MRN, influencing interventional and sur-

gical decision-making.10

The role of MRN in the work-up of radiculopathy has been re-

cently explored with promising results.11 There are scattered reports

correlating MRN and EMG findings in individuals; however, it re-

mains difficult to draw reliable conclusions about the agree-

ment between MRN and EMG based on limited research stud-

ies in the literature with small sample sizes. Retrospective

investigations suggest a significant rate of extraspinal pathol-

ogy in patients with lower extremity radicular symptoms that

can be detected with MRN sequences.12 The frequency of ab-

normal intraneural signal in patients presenting with lower

extremity radiculopathy is not known.

This study evaluated the frequency of abnormal intraneural T2

signal abnormality in patients presenting with lumbosacral radicu-

lopathy and correlates MRN abnormali-

ties with those described on EMG. MRN

can precisely identify abnormal signal in

extraspinal nerves as they exit the neuro-

foramen and traverse anatomic corridors

to join the lumbosacral plexus. This ex-

traspinal signal abnormality may allow

more accurate and specific evaluation of

abnormal nerves responsible for clinical

symptoms than traditional methods. Fur-

thermore, extraspinal extraneural causes

for symptomatology (eg, hip osteoarthritis

masquerading as high lumbar “radicular”

symptoms) can be identified at the time of

MRN.

MATERIALS AND METHODS
Study Participants
Weill Cornell Medicine institutional re-

view board approval was obtained for this

retrospective study with a waiver of in-

formed consent. Patients included in the

analysis had clinical signs of active lower

extremity radiculopathy and both a MR

neurogram and EMG performed within a

3-month timeframe at our institution. Pa-

tients were excluded if they had spinal fu-

sion hardware, which could limit the MR

neurogram evaluation from susceptibility

artifact.

MR Imaging Protocol and Evaluation
MR imaging was performed at 3T on a Magnetom Skyra platform

(Siemens, Erlangen, Germany). The MRN imaging protocol is de-

scribed in Table 1 and consisted of limited sagittal lumbar spine im-

aging along with axial and coronal T1 and fat-suppressed T2 se-

quences through the lumbosacral plexus. Imaging studies were

evaluated by a radiologist with a Certificate of Added Qualification in

neuroradiology (J.L.C.), and scores were recorded for statistical anal-

ysis. Following a 10-case training session, MRN examinations were

independently evaluated by a radiology senior resident (J.C.-H.) to

determine interrater reliability. The radiologists were blinded to clin-

ical history, including the laterality of pain. Abnormal nerves were

graded on a categoric scale from 0–2 with 0 representing normal

signal; 1, increased intraneural signal but less than adjacent vascula-

ture; and 2, marked increased intraneural signal similar to that in

adjacent vascular structures. If multiple abnormal nerves were iden-

FIG 1. Flowchart illustrating study selection.

Table 1: MR imaging parametersa

Sequence Matrix TR (ms) TE (ms) NEX
FOV
(cm)

In-Plane Resolution
(mm)

Slice Thickness
(mm)

Acquisition Time
(min: sec)

Axial T1 TSE 320 � 240 663 12 2 31 1.0 � 1.3 3.5 6:18
Axial T2 FS SPAIR 320 � 192 6220 83 2 31 1.0 � 1.6 3.5 7:52
Coronal T1 384 � 216 3160 9.9 1 36 1.0 � 1.7 3 3:49
Coronal PD SPAIR 320 � 224 4380 35 2 36 1.1 � 1.6 3 4:10
3D Coronal SPACE STIR 256 � 256 1500 119 1.4 38 1.5 � 1.5 1.5 8:23
Sagittal T2 Dixon (lumbar spine) 448 � 300 4160 83 2 28 0.6 � 0.9 3 3:59

Note:—PD indicates proton density; SPACE, sampling perfection with application-optimized contrasts by using different flip angle evolution (Siemens); FS, fat suppressed.
a All lumbosacral plexus MR imaging was performed on a 3T Magnetom Skyra (Siemens) scanner without contrast.
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tified, the most pronounced signal abnormality was recorded and the

proximal nerve was considered for analysis (for example, if the ipsi-

lateral L4 and femoral nerves were abnormal, it was graded as an L4

radiculopathy).

Imaging findings of muscular denervation were rated as posi-

tive if T2 hyperintense edema was present in the substance of the

paraspinous, psoas, iliacus, gluteal, piriformis, adductor, or prox-

imal thigh musculature.

Nerve Conduction Studies/EMG Protocol and Evaluation
Nerve conduction studies (NCSs) and needle EMG were per-

formed by board-certified neuromuscular neurologists at our in-

stitution. Reports were individually reviewed by an experienced

neuromuscular neurologist (N.F.). Nerve conduction studies in-

cluded standard tested sensory (superficial peroneal and sural)

and motor (peroneal and tibial) nerves in the legs. These were

analyzed by measuring the waveform latency, amplitude, dura-

tion, and conduction velocity. Late responses were also evaluated,

including the F-Responses and H-reflex, to aid in the evaluation

of the proximal nerve segments.

Needle electromyography was performed using a concentric

needle in leg muscles representing L2–S1 myotomes. Muscles

were evaluated for the presence of active denervation, motor unit

action potential (MUAP) morphology, and MUAP recruitment

and activation patterns. When present, active denervation was

determined by fibrillation potentials and positive sharp waves.

Chronic re-innervation changes in a muscle were defined by the

decreased activation and recruitment of neurogenic (long dura-

tion and high amplitude) MUAPs.

Electronic Medical Record Review
The electronic medical records of the included subjects were re-

viewed for subjective findings of lower extremity weakness,

numbness, leg pain, back pain, tingling, burning, pain quality,

and severity (Visual Analog Scale 1–10). Patient history was re-

corded, including the inciting event, history of surgery, diabetes

mellitus, and symptom duration. Physical examination findings

were collected, including the presence of atrophy, weakness, de-

creased sensation, decreased reflexes, and positive findings on

straight leg raises.

Statistical Analysis
Demographic variables and MR imaging parameters were sum-

marized by mean/SD (continuous variables) and frequency/per-

centage (categoric variables). The comparison between ordinal

variables (ie, signal, in 2 groups) was achieved with a Wilcoxon

rank sum test. The association between categorical variables was

FIG 2. Axial fat-suppressed T2-weighted spectral adiabatic inversion
recovery (SPAIR) images just distal to the greater sciatic foramen. A,
Grade 0 nerve signal in a normal right sciatic nerve (circle). B, Grade I
nerve signal abnormality shows a mildly hyperintense right sciatic
nerve but less intense than the adjacent vasculature. C, Grade II nerve
signal abnormality, similar to that of adjacent veins.

Table 2: Demographics/clinical characteristics and MRN/EMG
findings

Variable Value
Range/

Percentage
Subjects 64
Age (yr) 57 20–84
Sex (male) 33 51.6%
Symptom duration (mo) 26 1–312
Diabetes 12 18.8%
Prior surgery 9 14.1%
Weakness 29 45.3%
Numbness 31 48.4%
Leg pain 48 75.0%
Back pain 28 43.8%
Tingling 23 35.9%
MRN intraneural T2 signal abnormality

(grade I or II)
28 43.8%

MRN evidence of muscular denervation 8 12.5%
EMG findings of active radiculopathy 20 31.3%
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measured by the � coefficient under a Pearson �2 test or a Fisher

exact test. A � statistic was calculated for interrater reliability be-

tween the 2 interpreters of MRN examinations. All the statistical

analyses were performed by R statistical and computing software,

Version 3.4.3 (http://www.r-project.org/). For the statistical tests,

relevant P values are reported with a significant level of .05.

RESULTS
Three hundred three MRN studies were performed during the

study period from December 2014 through January 2017. Of

these, 64 patients were included in the final analysis when both

MR neurograms and EMG were acquired within a 3-month time-

frame and exclusion criteria were not met (Fig 1). The mean sub-

ject age was 57 years (range, 20 – 84

years), 52% were male, and 75% re-

ported leg pain. Demographics and clin-

ical characteristics are described in Table

2. Half of the patients had decreased

lower extremity sensation on physical

examination, and 36% showed some

signs of objective weakness. On MRN,

28 of 64 patients (44%) of the cohort had

at least 1 nerve with abnormal intraneu-

ral signal on the fat-suppressed T2-

weighted images (Fig 2). Of the 28 pa-

tients with abnormal intraneural T2

signal, 18 (64%) had a grade 2 signal ab-

normality, similar to that in adjacent

vasculature (Fig 3). Eight patients (13%)

had MRN findings of active muscular

denervation. On NCS and EMG evalua-

tions, 20 of 64 patients (31%) had find-

ings of an active radiculopathy with de-

nervation changes (Table 2). There was

substantial agreement between readers

with a � statistic of 0.71 (confidence

boundary, 0.41, 1) on blinded MRN in-

terpretation. Ten subjects with suspi-

cious findings on MRN had normal

electrodiagnostic test findings without

evidence of active radiculopathy.

Abnormal intraneural signal was not

significantly associated with subjective

clinical abnormalities. The association

between patient-reported symptom du-

ration, weakness, numbness, leg pain,

back pain, or tingling and abnormal

intraneural signal on MRN was not

significant. Similarly, no significant

association was identified between physician-reported find-

ings of weakness, decreased sensation, decreased deep tendon

reflexes, the presence of positive straight leg raises, and abnor-

mal intraneural signal. However, there was a statistically sig-

nificant correlation between objective findings of muscle atro-

phy and denervation changes on MRN (P � .02).

There was a statistically significant association between abnor-

mal intraneural T2 signal and findings of active radiculopathy on

EMG with a mean intraneural signal score of 0.3 in patients with-

out findings of active radiculopathy versus 1.7 in patients with

EMG findings of active radiculopathy (P � .001). Furthermore,

when abnormal intraneural signal was treated as a binary variable

(normal or abnormal), there was a statistically significant associ-

ation between signal abnormality on MRN and active radiculop-

athy on EMG (P � .001) (Table 3).

DISCUSSION
This study revealed a statistically significant correlation between

abnormal intraneural signal on MRN and findings of active de-

nervation on NCS/EMG performed within 3 months. To our

knowledge, this correlation has not been demonstrated previ-

FIG 3. Coronal fat-suppressed T2 SPAIR (A and B), axial fat-suppressed T2 SPAIR (C), and maxi-
mum-intensity reconstruction of 3D coronal fat-suppressed T2 STIR (D) reveal marked abnormal
asymmetric signal involving the left L4 nerve root extending to the left femoral nerve (arrows, A,
B, and D). Signal abnormality also extends along the left obturator nerve (dashed arrow, A), also
supplied by the L4 nerve root. An axial slice through the L3–L4 level (C) shows a disc extrusion
(arrow, C) compressing the left L4 nerve root, accounting for the nerve inflammation.

Table 3: Statistical association

Correlations
� Coefficient/

Cramér V P Value
Denervation/subjective weakness 0.13 .30
Denervation/objective weakness 0.21 .10
Denervation/objective atrophy 0.33 .02
MRN intraneural signal/EMG active

radiculopathy
0.79 �.001

MRN laterality/EMG laterality 1.00 �.001
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ously for lumbosacral radiculopathy. Furthermore, this imaging-

electrodiagnostic correlation was one of the only statistically sig-

nificant findings in our cohort despite the consideration of

multiple subjective and physical examination findings. Lumbar

radiculopathy is notoriously difficult to diagnose with history or

physical examination findings alone.13,14 MRN appears to pro-

vide useful diagnostic information, and the statistical correlation

with EMG further reinforces its accuracy.

A study by Crim and Ingalls15 revealed a moderate sensitivity

(41.2%–70.6%) and very high specificity (97.7%–100%) in the

interpretation of brachial plexus MRN when EMG was used as a

criterion standard. This study was not limited to radiculopathy

and included MRN studies performed at both 1.5T and 3T. A

study by Chhabra et al16 revealed a measurable impact of 3T MRN

on diagnostic thinking and therapeutic choices. MRN is a recom-

mended study for presurgical planning in patients with peripheral

neuropathy. The observed interrater reliability (� � 0.71) dem-

onstrates substantial agreement between readers, in line with

studies of lumbar spine imaging.17

This study evaluated the intraneural T2 signal as a marker for

nerve abnormality on MRN. The authors do not find nerve caliber

to be a useful metric in this setting because the abnormal nerves in

this cohort had a size similar to that of normal nerves (Figs 2 and

4). Furthermore, it is difficult to reproducibly measure the caliber

of nerve fascicles, given their oblique orientation, while excluding

the perineural fat and soft tissues. Findings of acute or subacute

muscular denervation were recorded when T2 hyperintense signal

was seen within the lumbosacral musculature, as described by

others.8 Imaging findings of muscular denervation were seen in a

minority of patients (12.5%) but were helpful findings to confirm

a neuropathy when observed. For example, in 1 subject with an L4

radiculopathy extending to the femoral nerve, ipsilateral denerva-

tion changes were observed in the iliacus, a muscle innervated by

the femoral nerve (Fig 5). The relatively low rate of observed de-

nervation changes may be related to the timing of imaging to the

active period of radiculopathy and the exclusion of lower thigh

and lower extremity muscles from the imaging FOV.

Diffusion-weighted imaging or diffusion tensor imaging was

not part of the imaging protocol in this study. The authors have

not found that DTI provides useful information when evaluating

FIG 4. 3D coronal fat-suppressed T2 STIR (A), coronal fat-suppressed T2 SPAIR (B), axial T1 (C), and axial fat-suppressed T2 SPAIR (D) images show
a typical example of right sciatic neuropathy. There is abnormal signal in the right sciatic nerve (arrows) through the greater sciatic foramen
(circle, C), a characteristic location of piriformis-related sciatic nerve compression. There is corresponding asymmetric signal of the right sciatic
nerve compared with the left (circle, D).
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the lumbosacral plexus despite initially acquiring a coronal re-

versed fast imaging with steady-state precession diffusion se-

quence as part of the imaging protocol. DWI/DTI may have utility

in imaging of peripheral nerves where surface coils can be placed

close to the nerves of interest for an improved signal-to-noise

ratio.18

Electrodiagnostic studies are not a perfect criterion standard,

and there are variabilities inherent in the performance and inter-

pretation of NCS and EMG. In patients with active radiculopathy,

electrodiagnostic studies classically demonstrate a combination

of normal NCS and abnormal needle EMG.19 This pattern is

thought to result from the common lateral recess or subarticular

location of a disc herniation proximal to the dorsal root ganglion,

thus sparing the sensory nerve fibers. Needle EMG reveals fibril-

lation potentials and positive sharp waves when a neuropathic

lesion is present. These denervation potentials represent the spon-

taneous depolarization of an individual muscle fiber from ongo-

ing or active axonal drop-out. The time course of radiculopathy is

not always clear on NCS/EMG, but certain findings can narrow

the window, including the MUAP morphology. Active denerva-

tion may take some time to be apparent on NCS/EMG; it is only

evident following axonal injury once Wallerian degeneration be-

gins. Evidence of active denervation with normal MUAP mor-

phology suggests a subacute time course in which the muscles

have not yet undergone reinnervation. Regardless, by the time a

patient with true radiculopathy comes to clinical attention, there

are typically electrodiagnostic findings.

Electrodiagnostic testing has several limitations and may dem-

FIG 5. Coronal T1 (A), maximum-intensity reconstruction of 3D coronal fat-suppressed T2 STIR (B), and sequential coronal fat-suppressed T2
SPAIR (C–E) images show abnormal signal of the left L4, left femoral (dashed arrow, B) and left obturator (arrows) nerves. There is also abnormal
intramuscular T2 hyperintense signal in the left iliacus muscle (circle, B). This patient had a long-standing history of type 2 diabetes, and signal
abnormality was attributed to diabetic amyotrophy.
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onstrate confounding results, for example, when a superimposed

peripheral neuropathy or primary myopathy is present. Further-

more, the NCS/EMG is highly operator-dependent, and false-

negative studies with equivocal findings are common despite true

radiculopathy for a variety of reasons, including a fascicular phe-

nomenon and variations in electromyographer technique and ex-

perience. Despite these limitations, EMG remains a useful exam-

ination to evaluate active radiculopathy as class II evidence and

level B recommendation by the American Association of Neuro-

muscular and Electrodiagnostic Medicine in lumbosacral radicu-

lopathy in an analysis of 119 articles.20

This study is limited by its retrospective nature and variations

in the timing of clinical notes, though all notes reviewed were

from neuromuscular neurologists who performed the electrodi-

agnostic testing. There are also variabilities inherent in MRN in-

terpretation, though the interreader variability was substantial

between interpreters. Despite these limitations, it is the largest

study performed, to the authors’ knowledge, that correlates MRN

and electrodiagnostic findings in patients with lumbosacral

radiculopathy.

CONCLUSIONS
In this cohort of patients with lower extremity radiculopathy who

had both MRN and electrodiagnostic studies performed within 3

months, 44% had abnormal intraneural signal on MRN and 31%

had electrodiagnostic findings of active radiculopathy with a sta-

tistically significant correlation between positive findings on these

modalities. The role of MRN in the work-up and clinical manage-

ment of patients with lumbosacral radiculopathy is still being ex-

plored. The presence of abnormal extraspinal intraneural signal

on MRN may identify patients with a high likelihood of response

to targeted therapy such as transforaminal epidural steroid injec-

tion. It is anticipated that this information will help guide clinical

management of patients presenting with active radicular symp-

toms. These data may prove to be particularly useful in an era of

overexuberant epidural injection treatment and personalized

medicine with a focus on cost-benefit treatment algorithms.

Disclosures: Michael Sein—UNRELATED: Consultancy: CID Management Solutions.
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