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7 T MRI of the Cervical Neuroforamen
Assessment of Nerve Root Compression and Dorsal Root Ganglia in Patients

With Radiculopathy

Georg C. Feuerriegel, MD, Adrian A. Marth, MD, Christoph Germann, MD, Florian Wanivenhaus, MD,
Daniel Nanz, PhD, and Reto Sutter, MD

Objectives: The aimof this studywas to assess the diagnostic value of 3-dimensional

dual-echo steady-state (DESS) magnetic resonance imaging (MRI) of the cervical

spine at 7 T compared with 3 T in patients with cervical radiculopathy.

Materials and Methods: Patients diagnosed with cervical radiculopathy were

prospectively recruited between March 2020 and January 2023 before undergo-

ing surgical decompression and received 3-dimensional DESS imaging at 3 T

and 7 T MRI. Cervical nerve root compression and the dimensions of the dorsal

root ganglia were assessed by 2 radiologists independently. Signal intensity, vis-

ibility of nerve anatomy, diagnostic confidence, and image artifacts were evalu-

ated with Likert scales. The degree of neuroforaminal stenosis was assessed on

standard clinical 3 T scans. Statistics included the analysis of the diagnostic accu-

racy and interreader reliability. The Wilcoxon signed rank test was used to assess

differences between the groups.

Results: Forty-eight patients (mean age, 57 ± 12 years; 22 women) were included

in the study with the highest prevalence of severe neuroforaminal stenosis ob-

served at C6 (n = 68) followed by C7 (n = 43). Direct evaluation of nerve root

compression showed significantly higher diagnostic confidence and visibility

of cervical nerve rootlets, roots, and dorsal root ganglia on 7 T DESS than on

3 T DESS (diagnostic confidence: P = 0.01, visibility: P < 0.01). Assessment

of nerve root compression using 7 T DESS allowed more sensitive grading than

standard clinical MRI (P < 0.01) and improved the performance in predicting

sensory or motor dysfunction (area under the curve combined: 0.87).

Conclusions: 7 T DESS imaging allows direct assessment of cervical nerve root

compression in patients with radiculopathy, with a better prediction of sensory or

motor dysfunction than standard clinical MRI. Diagnostic confidence and image

quality of 7 T DESS were superior to 3 T DESS.
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(Invest Radiol 2024;00: 00–00)

O ver the last years, technical advancements of ultra-high field mag-
netic resonance imaging (MRI) at 7 T have contributed to its

development as a valuable tool for musculoskeletal imaging.1 Com-
pared with 1.5 and 3 T MRI, 7 T MRI provides an increased signal-
to-noise ratio, thus increasing spatiotemporal and spectral resolution,
which enables better assessment of morphologic, biochemical, and
functional details of musculoskeletal tissues.2–4 Several studies have
assessed different use cases for 7 T MRI in musculoskeletal imaging
and found advantages compared with 3 T MRI.5–10 Germann et al5 re-
cently demonstrated a higher sensitivity of dual-echo steady-state
(DESS) knee imaging at 7 T for detecting meniscal and chondral calci-
fications in patients with calcium pyrophosphate deposition disease. In
a study by Riegler et al,11 the authors were able to demonstrate the abil-
ity of 7 T MRI to assess the number of axonal bundles in the median
nerve of the wrist using a triple-echo steady-state sequence. They also
generated normative T2 values of the nerve and observed higher T2
values in patients with idiopathic carpal tunnel syndrome than in
healthy volunteers.11

Magnetic resonance imaging is the current imaging standard for
the assessment of cervical radiculopathy due to its noninvasive charac-
ter and excellent soft tissue contrast.12 Cervical radicular pain is often
caused by impingement of the cervical nerves and/or roots due to
neuroforaminal stenosis. The stenosis is commonly caused by degener-
ative changes of the intervertebral disc or facet joints and less com-
monly by trauma, tumor, or meningeal and synovial cysts.13 The degree
of stenosis is graded according to Park et al14 and assesses the amount
of perineural fat obliteration around the cervical nerves in sagittal
oblique T2-weighted images. However, the anatomy of the cervical
nerve roots is complex and delicate, and the spatial resolution of con-
ventional MRI is often not good enough for direct nerve imaging.15,16

Novel MRI sequences have been established in recent years including
3-dimensional (3D) DESS imaging in order to increase the sensitivity
and specificity for direct nerve visualization.15 Wang et al15 compared
3 different MR sequences at 3 TMRI optimized for imaging of cervical
nerves and found 3D DESS to allow the best nerve assessment in pa-
tients with cervical radiculopathy. Galley et al9 recently demonstrated
the use of the higher spatial resolution at 7 T for the depiction of cervi-
cal nerve rootlets using a 3D DESS sequence. Although not statistically
significant, the authors were able to identify a larger number of individ-
ual cervical rootlets on 7 T MRI than on 3 T MRI, indicating superior
image quality. However, none of the patients presented with a pathol-
ogy. Therefore, the aim of this study was to assess the diagnostic value
of 3D DESS MRI of the cervical nerve rootlets, roots, and dorsal root
ganglia (DRG) at 7 T compared with 3 T in patients with
cervical radiculopathy.

MATERIALS AND METHODS

Participant Selection
For this study, patients diagnosed with cervical radiculopathy

were prospectively recruited between March 2020 and January 2023
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(n = 48; Table 1, Fig. 1) before undergoing surgical decompression.
Symptoms included shooting electric pain in the upper limb, neck pain,
and pain due to sensory, motor, and/or reflex deficits. Diagnosis was
made by spine surgeons, and the main affected nerve root was deter-
mined on the basis of symptoms, physical and clinical examination,
and the results of a conventional clinical 3 TMRI performed before en-
rolment. Other examinations, such as electrophysiological tests, were not
available at the time of the enrolment. To determine the success of surgical
decompression, changes in disability due to cervical radiculopathy were
assessed before and 6 months after surgical decompression using the Neck
Disability Index (NDI).17–19 Patients with a history of cervical spine sur-
gery, tumors, metal implants, or contraindications for MRI (eg, cardiac
pacemaker, claustrophobia, pregnancy) were excluded from the present
study. Written informed consent was obtained from all study participants
before inclusion. Three patients withdrew from participation due to symp-

toms of claustrophobia experienced during conventional MRI. The study
protocol was approved by the institutional review board (Cantonal Ethics
Committee, Zurich).

Magnetic Resonance Imaging
All patients underwent 3D DESS imaging on a 7 T MR system

(Magnetom Terra; Siemens Healthineers) with an 8-channel C-spine
surface array transmit-receive coil (Rapid Biomedical GmbH) and a
3 T MR system (Magnetom Prisma; Siemens Healthineers with a
20-channel head/neck receive coil [Siemens Healthineers]). The 3D
DESS sequence, which was established in a previous study, was ac-
quired at both field strengths.9 Sequence parameters have been opti-
mized for 3 T and 7 T to achieve a high spatial resolution with visually
comparable SNR at clinically acceptable and comparable scan times.
Detailed scan parameters are listed in Supplementary Table S1, http://
links.lww.com/RLI/A863.

In addition, all patients received a conventional 3 T MRI before in-
clusion as part of the routine diagnostic workup. These conventional 3 T
images were assessed by 2 radiologists (*blinded for review*) as a consen-
sus measure of the degree of neuroforaminal stenosis according to Park
et al14 and used as a reference standard. Detailed scan parameters are listed
in Supplementary Table S2, http://links.lww.com/RLI/A863.

Image Analysis
Image analysis was performed on a PACS (picture archiving and

communication system) workstation certified for clinical use (MERLIN
7.1.22; Phönix-PACSGmbH). All 3DDESS images were assessed by 2
radiologists (G.C.F. and A.A.M.) in random order, independently and
blinded to all clinical information.

Semiquantitative Measurements
Multiplanar reconstructions were used for optimal image assess-

ment. Images were reconstructed separately for each nerve root to ob-
tain the best possible coronal and sagittal oblique images along each
nerve root, as well as standard transverse images. The dimensions of
the DRG, in regard to length, width, and width/length ratio, were mea-
sured at the maximal visualization plane. The length was defined as the
longitudinal distance between the proximal and distal ends of the DRG
along the spinal nerve. The width was defined as the vertical distance at
the midpoint perpendicular to the longitudinal axis of the DRG.20

Qualitative Measurements
Cervical nerve root morphology at the neuroforaminal level was

graded using a 3-point grading system with the following definitions:

• Grade 0: No discernible morphological changes; normal nerve
appearance.

• Grade 1: Slight to moderate compression of the nerve root, account-
ing for less than 50% of the nerve diameter.

• Grade 2: Severe compression or collapse of the nerve root, involving
more than 50% of the nerve diameter (Fig. 2).

Diagnostic confidence, which primarily assesses the overall diag-
nostic accuracy and visual impression of an image, was evaluated using a
4-point Likert scale, ranging from 1 (poor) to 4 (excellent). The signal in-
tensity of the cervical nerve rootlets, roots, and DRGwas defined as either
intermediate/normal intensity or high/abnormal intensity in comparison
with the signal intensity of the spinal cord. The visibility of cervical nerve
rootlets, roots, and DRGwas graded with a 3-point Likert-scale (1 = poor,
2 = moderate, and 3 = sharp). Image artifacts including blurring, streaking,
and shading due to voluntary or involuntary movement were graded with a
4-point Likert scale (1 = severe artifacts, 2 = considerable artifacts, 3 =mild
artifacts, and 4 = no artifacts).

TABLE 1. Patient Characteristics, Degree of Neuroforaminal
Stenosis, and Sensory or Motor Dysfunction

Age, y* 57 ± 12

Male 26

Female 22

Level Neuroforaminal Stenosis
†

Symptoms of Sensory

or Motor Dysfunction
‡

None Mild Moderate Severe

C2 (n) 96 0 0 0 0

C3 (n) 86 10 0 0 2

C4 (n) 66 14 7 9 2

C5 (n) 43 22 18 13 12

C6 (n) 16 12 34 34 38

C7 (n) 39 14 20 23 23

C8 (n) 95 3 1 0 2

*Data are given as mean ± standard deviation.
†Degree of stenosis assessed according to Park et al.14

‡Assessed by clinical examination and patient anamnesis.

n = number of neuroforamen/ affected nerve roots.

FIGURE 1. Selection flowchart for patients with symptomatic cervical
radiculopathy. All included patients received a conventional 3 T MRI
during the clinical workup as well as 3D dual-echo steady-state (DESS) at
7 T and at 3 T.
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The degree of neuroforaminal stenosis was graded on the con-
ventional 3 T MRI according to Park et al14 and divided into grade 0
to 3. The neuroforamina and nerve roots were assessed on sagittal
oblique T2-weighted images for the degree of perineural fat obliteration
surrounding the nerve and for morphologic changes of the nerve root,
for example, compression or collapse. Grading was done as follows:
grade 0 = absent stenosis, grade 1 (mild) = perineural fat obliteration
under 50% of the root circumference and no morphologic changes,
grade 2 (moderate) = perineural fat obliteration over 50% of the root cir-
cumferencewithoutmorphologic changes of the nerve root, and grade 3
(severe) = morphological nerve root changes combined with perineural
fat obliteration.

Statistics
Distribution of continuous data was assessed using the Shapiro-

Wilk test. Separate binary logistic regression models were used to assess
the relationship between the degree of nerve compression and the degree
of neuroforaminal stenosis with the occurrence of sensory or motor dys-
function. Receiver operating characteristic curves were used to assess the
diagnostic performance of the neuroforaminal stenosis grading and nerve
compression grading in predicting symptoms of sensory or motor dysfunc-
tion. The Wilcoxon signed rank test was also used to compare DRG mea-
surements and qualitativemeasurements between 3 TDESS and 7 TDESS
MRI. Kendall τ test was used to find correlations between the signal inten-
sities of the nerve rootlets and DRG and the degree of neuroforaminal ste-
nosis. Interreader agreement was assessed with the intraclass correlation
coefficient (ICC) for continuous variables and weighted Cohen κ for cate-
gorical variables. To assess the differences between the Cohen κ values and
the ICC values, the χ2 test and the analysis of variance were used, respec-
tively. Statistics were performed in SPSS (v. 28.0 IBM Corp) by G.C.F. In
all analyses, a P ≤ 0.05 was considered statistically significant.

RESULTS
Forty-eight patients (mean age, 57 ± 12 years; 22 women) diag-

nosed with cervical radiculopathy were included into the study. In total,
672 neuroforamina were examined, and each patient was diagnosed
with at least 1 moderate neuroforaminal stenosis on conventional 3 T
MRI. The highest incidence of moderate to severe neuroforaminal

stenosis was observed at the C6 level (n = 68) followed by the C7 level
(n = 43, Table 1). Each patient demonstrated symptoms of sensory or
motor dysfunctions, which were also most commonly found at the level
of C6 (n = 38) and C7 (n = 23). All patients underwent surgical decom-
pression of at least 1 cervical nerve root. Significant improvements in
NDI scores were observed postoperatively, thus confirming the success
of the surgery (mean NDI preoperative: 26.6 ± 4.7, NDI postoperative:
22.6 ± 6.5, P < 0.001). No difference was found between males and fe-
males regarding the number and location of neuroforaminal stenosis
(P = 0.86 and P = 0.53, respectively).

Assessment of Nerve Root Compression
Severe compression or collapse of the nerve root was observed

10 times for C4, 14 times for C5, 28 times for C6, and 18 time for
C7, as determined by 7 T DESS MRI. Slight to moderate nerve root
compressions were detected 2 times for C3, 10 times for C4, 18 times
for C5, 38 times for C6, and 20 times for C7. Overall grading of the cer-
vical nerve root compression did not exhibit a significant difference be-
tween 3 T and 7 T MRI (mean 3 T MRI: 1.38 ± 0.69, mean 7 T MRI:
1.35 ± 0.67, P = 0.843, Table 2). However, an overall higher diagnostic
confidence was observed on 7 TMRI than on 3 TMRI (P = 0.01, Fig. 3).
Interreader agreement for the assessment of the nerve root compression
was substantial for 3 T DESS, with κ of 0.91 (95% confidence interval
[CI], 0.78–0.98), and for 7 T DESS with κ of 0.92 (95% CI, 0.81–0.98;
Supplementary Table S3, http://links.lww.com/RLI/A863). No significant
difference was found between the Cohen κ scores assessed at 3 T and
7 T (P > 0.05).

Correlation of Neuroforaminal Stenosis Assessed on
Clinical 3 T MRI and Nerve Root Compression on 7 T
DESS MRI With Symptoms of Sensory or
Motor Dysfunction

Compared with patients with no neuroforaminal stenosis, pa-
tients with mild and moderate stenosis (grade 1 and 2) were 9.1 (95%
CI, 3.9–21.6) and 29.1 (95%CI, 12.8–66.5) timesmore likely to exhibit
symptoms of sensory or motor dysfunction at the level of stenosis
(P < 0.01 for linear trend, respectively). Patients with severe
neuroforaminal stenosis (grade 3) were 31.3 (95% CI, 13.1–75.3) times

FIGURE 2. Nerve root compression grading at the level of the neuroforamen using 3DDESSMRI at 3 T and 7 T. Direct compression of cervical nerve roots
was graded as follows: grade 0, no discerniblemorphological changes, normal nerve appearance; grade 1, slight tomoderate compression of the nerve
root, accounting for less than 50%of the nerve diameter (arrows); grade 2, severe compression or collapse of the nerve root, involvingmore than 50%of
the nerve diameter (arrows). Note: Right cervical nerve roots from different patients are depicted in oblique coronal reconstructions of DESS images
over the neuroforamen.
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more likely to exhibit symptoms of sensory or motor dysfunction at the
level of stenosis. Assessment of the direct nerve root compression on
7 T DESS MRI revealed that patients with slight to moderate compres-
sion and severe compression were 22.7 (95% CI, 9.9–51.9) and 48.4
(95% CI, 21.5–74.2) times more likely to exhibit symptoms of sensory
or motor dysfunction at the level of stenosis, compared with patients
with no nerve compression (P < 0.01 for linear trend, respectively).

The receiver operating characteristic analysis showed a good per-
formance in predicting symptoms of sensory or motor dysfunction
assessing the neuroforaminal stenosis with the Park et al14 classification
(area under the curve [AUC], 0.84). However, the performance of se-
vere grade 3 stenosis alone in predicting symptoms of sensory or motor
dysfunction was notably lower (AUC, 0.63). An overall better perfor-
mance was achieved by combining the assessment of neuroforaminal
stenosis according to Park et al14 with the assessment of direct nerve
compression (AUC, 0.87).

To calculate sensitivity and specificity, the MRI-based scores
were dichotomized into 2 variables: foramen stenosis and/or nerve com-
pression and foramen stenosis alone. Finally, theχ2 test demonstrated a
higher sensitivity and specificity for the combined assessment of the
neuroforaminal stenosis and nerve compression than the assessment
of the neuroforaminal stenosis alone (combined assessment: sensitivity,
82.9%; specificity, 90.8%; positive predictive value, 73.9%; negative
predictive value, 94.4% vs neuroforaminal stenosis alone: sensitivity,
65.9%; specificity, 86.4%; positive predictive value, 66.7%; negative
predictive value, 89.3%).

Dimensions of DRG
Measurements of the length (range of means: 6.49 ± 1.54 mm to

8.66 ± 1.93 mm), width (range of means: 4.95 ± 1.30 mm
to 6.33 ± 1.24 mm), and width-to-length ratio of the DRG done on
7 T MRI and 3 T MRI were comparable, with no significant difference
(P = 0.089–0.813; Table 3, Fig. 4). The interreader agreement for the
measurements of DRG was substantial to almost perfect and was not
rated significantly different between 3 T and 7 T (P > 0.05; ICC range
[95% CI], 0.82 [0.77–0.92] to 0.97 [0.94–0.98]; Table 4).

Qualitative Assessments
The overall visibility of cervical nerve rootlets, roots, and DRG

was rated significantly higher on 7 T MRI than on 3 T MRI
(P = 0.008, Fig. 5). No significant difference in image artifacts was de-
tected on 3 T MRI compared with 7 T MRI (P = 0.990). A focal high
signal intensity of the cervical nerve rootlets was found in 7 cases at
3 TMRI and 5 cases at 7 T MRI. However, no significant correlation

between the degree of neuroforaminal stenosis and signal intensity of
the cervical nerves was found (P > 0.05, Fig. 6). Interreader reliability
for qualitative assessments was substantial with not significant differ-
ence between 3 T and 7 T (P > 0.05, Cohen κ range [95% CI], 0.86
[0.81–0.94] to 0.92 [0.87–0.97]; Supplementary Table S3, http://links.
lww.com/RLI/A863).

DISCUSSION
In this prospective study, a total of 48 patients presenting with

cervical radiculopathy underwent assessment of 3-dimensional DESS
MRI scans acquired at 3 T and 7 T that provided a direct visualization
of cervical nerve root compression. This approach demonstrated im-
proved performance in predicting symptoms of sensory and motor dys-
functions, compared with the conventional grading of neuroforaminal
stenosis. By combining the assessment of neuroforaminal stenosis with
the direct evaluation of nerve root compression, a larger AUC was
achieved, opening the possibility of a more sensitive assessment of
radiculopathy in clinical routine. No significant differences between
the 3 T DESS and 7 T DESS MRI in regard to the ratings of nerve root
compression or the measurements of length and width in the cervical
DRG were exhibited. However, the 7 T MRI scans presented signifi-
cantly enhanced visualization of the cervical nerve rootlets, roots, and
DRG (P < 0.01), along with higher diagnostic confidence (P = 0.01).

Three-dimensional DESS MRI was originally designed for
high-resolution cartilage imaging.5,21,22However, several recent studies
have successfully implemented 3D DESS imaging for the visualization
of nerve tissues, in particular peripheral nerves in the maxillofacial
region.23–25 Because of its optimized contrast between fluid and adja-
cent structures, it is suitable for imaging of subtle nerve structures. In
a study by Wang et al,15 the authors were able to demonstrate that 3D
DESS sequences are superior to multiecho data image combination
and 3D sampling perfection with application-optimized contrast using
different flip angle evolutions sequences when assessing cervical nerve
roots at 3 T MRI. Furthermore, Galley et al9 applied 3D DESS
sequences for imaging of the cervical spine at 7 T. Thanks to the in-
creased spatial resolution, the authors were able to identify more cervi-
cal nerve rootlets on 7 T MRI than on 3 T MRI in 21 patients, thus in-
dicating that a higher magnetic field strength might increase diagnostic
accuracy and performance. However, they solely focused on the identi-
fication of the proximal nerve rootlets, and no pathologies of the nerve
rootlets were found in their study population.

In this study, we investigated a larger cohort of patients with cer-
vical radiculopathy, many of whom exhibited severe neuroforaminal
stenosis. Our findings revealed a significantly improved visibility of

TABLE 2. Comparison of Qualitative Assessments of the Cervical Nerve Rootlets, Roots, and Dorsal Root Ganglia Measured at 7 T and 3 T DESS
MRI

7 T DESS 3 T DESS P

Image artifacts*,† 3.25 ± 0.26 3.26 ± 0.21 0.990

Visibility of nerve rootlets, roots, and dorsal root ganglia*,‡ 2.49 ± 0.16 2.27 ± 0.24 0.008

Overall diagnostic confidence*,§ 3.24 ± 0.15 3.01 ± 0.58 0.010

Nerve root compression*,|| 1.35 ± 0.67 1.38 ± 0.69 0.843

*Data are given as mean ± standard deviation.
†Measured on a 5-point Likert scale: 1 = severe artifacts, 2 = considerable artifacts, 3 = mild artifacts, and 4 = no artifacts.
‡Measured on a 3-point Likert scale: 1 = poor, 2 = moderate, and 3 = sharp.
§Measured on a 4-point Likert scale: 1 = poor, 2 = fair, 3 = good, and 4 = excellent.
||Measured on a 3-point Likert scale: 1 = normal/no changes, 2 = slight to moderate compression, and 3 = severe compression or collapse of the cervical nerve root.

DESS, dual-echo steady-state; MRI, magnetic resonance imaging.
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nerve rootlets, roots, and DRG at 7 T DESS compared with 3 T DESS.
Notably, unlike conventional MRI, direct visualization and assessment
of cervical nerve root compression in cases of severe neuroforaminal
stenosis was feasible, and both raters demonstrated a higher level of di-
agnostic confidence for 7 T MRI.

When using the classification system by Park et al,14 morpholog-
ical changes in the nerve roots along with perineural fat obliteration are
consistently graded as severe stenosis. However, our study demonstrated
that direct assessment of nerve root compression using 7 T DESS allows
for a more sensitive grading and was able to improve the performance in
predicting symptoms of sensory or motor dysfunction.

In addition, the enhanced visibility of nerve rootlets and DRG
holds significant value in cases involving traumatic lesions, such as
those affecting the brachial plexus. Accurate differentiation between

preganglionic and postganglionic injuries is vital for appropriate treat-
ment, but conventional MRI often yields inconclusive results in
visualizing root avulsion.26–29 Therefore, 3D DESS imaging at higher
magnetic field strengths might add a potential benefit over imaging
at lower magnetic field strengths when assessing traumatic nerve lesions.

In this study, we also investigated the signal intensity of cervical
nerve rootlets, roots, and DRG in patients with radiculopathy due to se-
vere neuroforaminal stenosis. We hypothesized that imaging at 7 T
might provide a slight signal increase of the impinged nerves due to
swelling.However, no statistical correlation between an increased signal inten-
sity of the nerve rootlets, roots, and DRG and the degree of neuroforaminal
stenosis was detected. We concluded that some of the observed signal in-
crease of nerve rootlets and DRG at the neuroforaminal level likely have
other causes, such as the altered velocity of the cerebrospinal fluid (CSF).

FIGURE 3. Multiplanar 3D DESSMRI scans of a patient with surgically confirmed neuroforaminal stenosis at the level of C7 on the right side. Multiplanar
reformations of the 3D DESS sequence on 3 T MRI (A and B) and 7 T MRI (C and D) directly visualize the compressed cervical nerve root at the level of
stenosis (arrows). Note the improved visibility of the nerve root on the 3D DESS images acquired at 7 T.

TABLE 3. Comparison of Mean Measurements of the Cervical DRG Between 7 T DESS and 3 T DESS MRI

7 T DESS 3 T DESS

DRG Length, mm* Width, mm* Width/Length Ratio Length, mm* Width, mm* Width/Length Ratio P

C2 6.64 ± 1.54 5.24 ± 1.21 0.79 6.49 ± 1.54 5.19 ± 1.21 0.79 0.089

C3 6.91 ± 1.79 5.15 ± 1.17 0.76 6.90 ± 1.77 5.16 ± 1.14 0.76 0.475

C4 6.66 ± 1.83 4.95 ± 1.30 0.75 6.68 ± 1.79 4.97 ± 1.27 0.76 0.813

C5 7.59 ± 1.90 5.53 ± 1.43 0.73 7.54 ± 1.88 5.52 ± 2.39 0.74 0.489

C6 8.10 ± 1.87 6.11 ± 1.22 0.76 8.05 ± 1.87 6.11 ± 1.19 0.77 0.225

C7 8.50 ± 1.87 6.33 ± 1.24 0.75 8.47 ± 1.85 6.33 ± 1.22 0.76 0.530

C8 8.66 ± 1.93 6.30 ± 1.12 0.74 8.61 ± 1.94 6.29 ± 1.01 0.75 0.132

*Mean ± standard deviation;

DRG, dorsal root ganglia; DESS, dual-echo steady-state.
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Because of the T2 weighting part of the DESS sequence image contrast,
fluids with low flow or stationary fluids appear bright as it is the case, for
example, with intra-articular fluid. In contrast, the faster moving CSF
around the spine cord appeared dark on the DESS images at 3 T MRI

and 7 TMRI. In a previous study, Galley et al9 described an increased fluid
signal around the vermian and pericerebellar cisterns, which the authors
also attributed to altered CSF flow velocities. Therefore, we hypothesized
that stenosis of the neuroforamenmight reduce the motion of the CSF, thus
causing a hyperintense signal around the nerve rather than the nerve itself.
However, the distinction between nerve root edema and fluid artifacts
should be evaluated in future studies.

There are certain limitations of this study. Ultra-high field MRI
at 7 T still is not widely available, which limits the general applicability.
Only the 3DDESS sequencewas acquired at 7 T. In general, a variety of
sequences are available at 7 T. However, in this study, we focused on di-
rect nerve visualization and assessment, for which the 3D DESS
sequence provides higher sensitivity and specificity. To ensure compa-
rable results obtained with state-of-the-art imaging equipment in a “nor-
mal” clinical workflow, no additional adjustments or corrections, such
as bias field corrections, were made beyond the scanner's “standard”
prescan in “clinical” mode, and no pTx techniques were used. In addi-
tion, the water excitation option of the DESS sequence at 7 T is only
available for nonselective RF pulse excitation, which may result in the
need for greater coverage and/or more slice oversampling than would
be required at 3 T with slab-selective water excitation. In this study,
the difference in coverage along the slice encoding direction was pri-
marily determined by the respective number of slices and slice
oversampling steps allowed by the software versions on the consoles.

FIGURE 4. Multiplanar MRI scans of a patient with symptomatic cervical radiculopathy at the level of C6 of the right side. A and D, Images show a severe
neuroforaminal stenosis on axial and oblique sagittal oblique conventional 3 T T2-weighted TSE images (circle). Multiplanar reformations of a 3DDESS
sequence at 3 T (B and E) and 7 T (C and F) directly visualize the compressed cervical nerve root at the level of stenosis (arrows) as well as the attached
cervical nerve rootlets (arrowhead). The asterisks are pointing on a partial overlay due to a cervical vein. TSE, turbo-spin echo.

TABLE 4. Interreader Agreement for the Measurements of the DRG
on the 3D DESS Images at 7 T and 3 T DESS MRI

Interreader Agreement for Rater 1 and 2*

DRG 7 T DESS 3 T DESS

C2 0.89 [0.82–0.94] 0.83 [0.60–0.93]

C3 0.82 [0.77–0.92] 0.95 [0.90–0.97]

C4 0.87 [0.74–0.94] 0.87 [0.77–0.93]

C5 0.92 [0.80–0.97] 0.95 [0.91–0.98]

C6 0.89 [0.81–0.96] 0.97 [0.94–0.98]

C7 0.94 [0.89–0.99] 0.88 [0.75–0.93]

C8 0.93 [0.85–0.96] 0.92 [0.87–0.96]

*Interclass correlation coefficient; data are given with 95% confidence
interval.

DRG, dorsal root ganglia; DESS, dual-echo steady-state.
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Direct interoperative confirmation of the degree of stenosis was
not possible due to the different surgical approaches used by the spine
surgeons. Preoperative diagnosis of neuroforaminal stenosis was made
by the surgeons on the basis of symptoms, physical and clinical exam-
ination, and the results of conventional clinical 3 T MRI, and no other
tests, such as electrophysiological tests, were available at the time
of enrolment. Furthermore, only patients with radiculopathy due to

degenerative changes were included in this study so the possible role
of 7 T MRI for traumatic avulsions of cervical nerve roots could not
be assessed.

In summary, 3D DESS MRI at 7 T provides reliable assessment
of cervical nerve rootlets, roots, and DRG in patients diagnosed with
cervical radiculopathy with higher image quality and diagnostic confi-
dence than in 3 T MRI.

FIGURE 5. Axial reformations of a 3DDESS sequence of a patient with symptomatic cervical radiculopathy at the level of the right C5 nerve root, acquired at 3 T
MRI (A) and 7 TMRI (B). Note the increased spatial resolution with better visualization of the cervical nerve root at 7 TMRI compared with 3 TMRI (arrows).

FIGURE 6. Oblique sagittal and axial reformations of a 3D DESS sequence of the cervical spine acquired at 3 TMRI (A and B) as well as on 7 TMRI (C and
D). Note that the 3 TMRI is more susceptible to the low velocity of the CSF at the level of the neuroforaminal recesses resulting in a focal signal increase
and reduced accessibility of the cervical nerve root (arrows) compared with 7 T MRI. CSF, cerebrospinal fluid.
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Key Results
• Direct assessment of the cervical nerve root compression was feasible
on 3 and 7 T DESS MRI scans, with C6 and C7 being the most af-
fected nerve roots (severe compression, C6 n = 20 and C7 n = 18).

• Diagnostic confidence as well as the visibility of cervical nerve root-
lets, roots, and DRG were rated significantly higher on 7 T DESS
MRI than on 3 T DESS MRI (diagnostic confidence: P = 0.01,
visibility: P < 0.01).

• Assessment of nerve root compression at 7 TDESS improved the per-
formance in predicting sensory or motor dysfunction over the assess-
ment of neuroforaminal stenosis alone (AUC combined: 0.87).
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