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Abstract: Inflammatory nontraumatic atlantoaxial rotatory subluxation (AAS) in children is an
often-missed diagnosis, especially in the early stages of disease. Abscess formation and spinal cord
compression are serious risks that call for immediate surgical attention. Neither radiographs nor
non-enhanced computed tomography (CT) images sufficiently indicate inflammatory processes.
Magnetic resonance imaging (MRI) allows a thorough evaluation of paraspinal soft tissues, joints,
and ligaments. In addition, it can show evidence of vertebral distraction and spinal cord compression.
After conducting a scoping review of the literature, along with scientific and practical considerations,
we outlined a standardized pediatric MRI protocol for suspected inflammatory nontraumatic AAS.
We recommend contrast-enhanced MRI as the primary diagnostic imaging modality in children with
signs of torticollis in combination with nasopharyngeal inflammatory or ear nose and throat (ENT)
surgical history.

Keywords: grisel syndrome; nontraumatic atlantoaxial rotatory subluxation; torticollis; computed
tomography; magnetic resonance imaging; imaging protocol

1. Introduction

Non-traumatic rotatory atlantoaxial subluxation (AAS) was first described in 1830 by
Sir Charles Bell. He reported AAS in a patient suffering from a deep syphilitic ulcer of the
pharynx [1]. The condition was later named after the Frenchman Pierre Grisel (1869-1959)
who reported two patients with AAS coinciding with nasopharyngeal inflammation [2].
Since then, acquired Grisel syndrome has been described after otorhinolaryngological
surgical procedures such as tonsillectomy and adenoidectomy [2-5], after nasopharyngeal
soft tissue inflammation, Kawasaki syndrome (cervical lymphadenopathy, necrotizing mi-
crovasculitis with fibrinoid necrosis of mucosa of mouth and throat), and retropharyngeal
abscess secondary to pulmonary tuberculosis [6-8]. Grisel syndrome is primarily found in
the pediatric population with 68% of cases occurring in patients under the age of 12 years [9]
and a total of 90% under the age of 21 [10]. The disease’s apparent age-dependency led to
the introduction of a two-hit hypothesis [11]. A pre-existing cervical ligamentous laxity
and longer alar ligaments in the pediatric population resulting in an atlas-dens interval
that ranges up to 4.5 mm (adults 2.5 to 3 mm) could serve as a predisposition (“first
hit”) [12]. The “second hit” could be caused by immune cells and inflammatory mediators
that develop and maintain inflammatory response in pharyngeal tissue and spread through
pharyngovertebral veins. Pharyngovertebral veins link posterior nasopharyngeal veins to
the periodontoid vascular plexus. The plexus serves as drainage for the posterosuperior
pharyngeal region. The lack of lymph nodes in the plexus allows a spread of the inflam-
matory response from the upper pharyngeal region to the atlantoaxial area. Inflammatory
mediators can cause synovial and vascular engorgement, periligamentous inflammation,
and edema, all of which might increase laxity of the transverse and alar ligaments [13].
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Under normal circumstances, the posterior fibers of the alar ligaments retain the odontoid
process in contact with the atlas and prevent anterior dislocation of the atlas on the axis [14].
The hypothesis of a “second hit” has been morphologically supported by a case report by
Park et al. [15], who described enhancement of tissues surrounding the cervical spine on
Magnetic Resonance Imaging (MRI) at initial diagnosis and its resolution on follow-up MRI
three weeks later. MRI findings corresponded with the clinical presentation and resolution
of torticollis in the patient.

The underlying pathophysiological principles suggest that MRI with its high sensi-
tivity for soft tissue alterations is suitable as a primary diagnostic imaging modality for
evaluation in Grisel syndrome. Nevertheless, radiographs and three-dimensional com-
puted tomography (CT) are still methods of choice in many hospitals. We hypothesize
that a combination of patient history, clinical findings, and standardized MRI allows early
diagnostic success in this often-missed diagnosis and prevents exposure of children to
ionizing radiation.

2. Materials and Methods
2.1. MR Imaging

MRI with its high sensitivity for soft tissue alterations has become the preferred
modality for evaluation of the spinal cord, ligaments, and paraspinal soft tissues [16].
It allows assessment of paranasal sinuses, mastoid air cells, nasopharyngeal and upper
neck soft tissue, transverse and alar ligaments, joint capsules of the cervical spine, as
well as the cervical spinal cord. Inflammatory lesions of the upper neck or even abscess
formation, periligamentous inflammation and edema, synovial inflammation, and laxity
of the transverse and alar ligaments may support clinically suspected diagnosis of Grisel
syndrome and facilitate treatment decisions. In the case of abscess formation, size and
extent of fluid collection can be assessed as a preoperative measure.

J. William Fielding, a clinical professor of orthopedic surgery, classified the rotatory
subluxations of the atlantoaxial joint and described four lesion types that are shown in
Figure 1. In Fielding Types III and 1V, spinal cord compression may be present on MRI.
Since clinical evaluation of damage to the dorsal column-medial lemniscus pathway and the
spinothalamic tract can be difficult in young children, imaging plays an important role in
diagnostics. According to Fielding et al., neurological complications occur in approximately
15% of cases. They can range from radiculopathy to myelopathy and may even be fatal [17].
Spinal cord lesions require surgical treatment with decompression and arthrodesis.

Fielding Classification of Atlantoaxial Subluxation
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Figure 1. Fielding Classification of Atlantoaxial Subluxation (AAS) [17].
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Initial diagnosis can be complimented by follow-up MRI of inflammatory lesions and
abscesses for evaluation of treatment effects. Interventional MRI can be performed in case
a therapeutic orthopedic procedure is indicated [18].

2.2. MRI Protocol

We performed a search in PubMed seeking all reports published until June 1st 2020
and examined all articles indexed with the medical subject or expert key words “Grisel syn-
drome” and “MRI” with text availability, “full text”. We included studies that mentioned or
displayed the MRI sequences used for clinical diagnosis. Articles published in non-English
languages were excluded. Eighteen studies met the inclusion criteria. 10/18 studies ac-
quired T2-weighted (T2w) images in the sagittal plane, 5/18 studies in the axial plane
and 4/18 studies in the coronal plane, making T2w images the most commonly used
sequences. Post-contrast T1-weighted (T1w) images were again most commonly acquired
in the sagittal plane with 7/18 studies. 4/7 studies used fat saturation in post contrast
imaging. Details on included reports are shown in Table S1 [5,7,15,16,19-32].

3. Results

Based on the synthesized findings of our topic-based scoping review, and along with
scientific and practical considerations, we outlined a standardized MRI protocol (Table 1)
for suspected inflammatory nontraumatic AAS. The protocol can be applied to children
of all ages. It can be used to support initial diagnosis and for routine follow-up. As a
trade-off between large tissue coverage and the small size of spinal structures, 2D sequences
were recommended with a maximum slice thickness of 3 mm [33]. For smaller children,
a slice thickness of 2 mm should be considered. Minimum recommended sequences
include sagittal and axial 2D T2-weighted (T2w) turbo spin echo (TSE), coronal 2D Turbo
inversion recovery magnitude (TIRM) with short inversion time for fat suppression of bone
marrow, sagittal pre contrast agent (CA), as well as sagittal, axial and coronal post CA 2D
T1-weighted (T1w) TSE sequences. Scan time at 1.5 T amounts to approximately 23 min.

In case of insufficient image quality of 2D T2w sequences, 3D sequences utilizing bal-
anced steady-state free precession (b-SSFP) such as constructive interference in steady-state
(CISS) and fast imaging employing steady-state acquisition with phase cycling (FIESTa—c)
are recommended. These sequences offer the ability to image with submillimeter spatial
resolution [34].

Hllustration of Three Pediatric Cases of MRI in Inflammatory Nontraumatic Atlantoaxial
Rotatory Subluxation

Case 1: Patient history: Eleven-year-old patient with prior pharyngitis and cervical
lymphadenopathy a month prior to acute torticollis. Three months had passed before the
patient was referred to our hospital for further diagnosis. MRI findings are presented in
Figure 2.

Case 2: Patient history: Three-year-old patient with otolaryngological surgical pro-
cedure (nasal polypectomy) and postsurgical development of torticollis. Six weeks had
passed before patient was referred to our hospital for further diagnosis. MRI findings are
presented in Figure 3.

Case 3: Patient history: Six-year-old patient with prior pharyngitis and cervical
lymphadenopathy prior to acute torticollis. Referral to our hospital after unsuccessful
treatment with oral antibiotics from primary care physician. MRI findings are presented in
Figure 4.
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Table 1. Standardized MRI (Diagnosis and Routine Follow-Up). Suggested standard protocol with a duration of approxi-
mately 23 min scan time at 1.5 Tesla (T). For smaller children, a slice thickness of 2 mm should be considered.

Slice . . TR; TE; Number  Trans-mitting  Receiving
Sequence Plane Thickness Pixel Size of Averages Coil Coil Comment
Aim to include
nasopharyngeal and
2D T2w TSE sagittal 3mm 1 mm 3800; 84; 2 body neck upper neck soft
tissue, mastoid air
cells and if possible
paranasal sinus FOV
corqnal; planning on Short inversion time
sagittal plane, block (160 ms) for fat
2D TIRM position angled 3 mm 1 mm 3800; 33; 2 body neck . ¢
parallel to Sl;l ppression o
cervical spine one marrow
2D T1w TSE sagittal 3 mm 1 mm 550;9.5;3 body neck
. . Include at least
axial; planning on craniocervical
sagittal plane, block transition to C3 and
2D T2w TSE position angled 3 mm 1mm 4500; 84; 2 body neck .
- any pathological
perpendicular to region on
cervical spine sagittal plane
2D T1w TSE . oc.
post CA sagittal 3 mm 1 mm 550;9.5; 3 body neck
axial; planning on m:lgide a: lieaslt
sagittal plane, block cramocervica
2D T1lw TSE irs transition to C3 and
position angled 3 mm 1mm 550;9.9; 2 body neck .
post CA . any pathological
perpendicular to resion on
cervical spine 5
sagittal plane
coronal; planning on
sagittal plane, block
2D Tlw TSE position angled 3 mm 1mm 524;17;2 body neck
post CA
parallel to

cervical spine

T2w = T2-weighted; TSE = turbo spin echo; TIRM = turbo inversion recovery magnitude; FOV = field of view; STIR = short-TI inversion
recovery; T1lw = T1-weighted; CA = contrast agent.

Figure 2. MRI shows edematous swelling and contrast enhancement of the posterior naso-, oro- and hypopharyngeal soft

tissue (A,B); arrows; 2D T1w TSE pre and post CA. No abscess formation present. Enlarged cervical lymphnodes (C);
asterisks; 2D T1lw TSE post CA. Increased anterior atlantodental interval (D); dotted arrows; 2D T2w TSE. Asymmetry of
odontoid lateral mass interval at midlateral mass level (C); line. Laxity of the transverse ligament of atlas (D); arrowheads.
No spinal cord compression. T2w = T2-weighted; TSE = turbo spin echo; Tlw = T1-weighted; CA = contrast agent.



Children 2021, 8, 329

50f8

Figure 3. MRI shows edematous swelling and contrast enhancement of the posterior nasopharyngeal soft tissue with
extension to anterior atlanto-occipital membrane and the cruciate ligament (A,B); arrows; 2D T1w TSE pre and post CA.
Contrast enhancement of the left longus capitis (C); asterisk; 2D T1w TSE post CA signaling inflammation. No abscess
formation present. Fixed rotation of C1 and C2 (C); dotted arrows; 2D T1lw TSE post CA and synovial inflammation.
Laxity of the transverse ligament of atlas (D); arrowhead; 2D T2w TSE. No spinal cord compression. T2w = T2-weighted;
TSE = turbo spin echo; Tlw = T1-weighted; CA = contrast agent.

2-week follow-up

Figure 4. MRI shows edematous swelling of the posterior naso-, oro- and hypopharyngeal soft tissue with extension to the
cruciate ligament (A); 2D T2w TSE. Joint effusion in the anterior synovial compartment of the dens seen as high T2 signal
(B); arrow; 2D T2w TSE. No abscess formation present. Forward movement of C1 with increased anterior atlantodental
interval (A); dotted arrows. No spinal cord compression; 2-week follow-up with appropriate empiric antibiotic regimen
shows full regression of joint effusion (C); 2D T2w TSE. T2w = T2-weighted; TSE = turbo spin echo; T1w = T1-weighted;

CA = contrast agent.

4. Discussion

The selection of an imaging modality in possible nontraumatic atlantoaxial rotatory
subluxation is always preceded by clinical considerations [3,16-18]. Highly suggestive
are a recent history of otorhinolaryngological surgical procedures (i.e., tonsillectomy and
adenoidectomy) or an infection in the upper aerodigestive tract (i.e., tonsillitis). In addition,
there should be typical clinical findings: a characteristic head position of 20° of tilt to one
side, 20° of rotation to the opposite side, and slight flexion (torticollis). Laboratory findings
are usually non-specific. Patients may show elevated C-reactive protein (CRP) levels and
leucocyte counts in the first days of torticollis, followed by subsequent normalization of
these parameters. Fever is rarely present.

Common imaging modalities include radiographs, CT, and MRI. The fixed posture
in torticollis often causes technical difficulties obtaining correct radiographic projections
in awake children. These technical limitations reduce their clinical importance compared
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to other modalities. In addition, radiographs are of minimal value in the first 4 weeks
of disease, although flexion-extension views may be suggestive [35]. CT and MRI scans
usually confirm the presence of rotational dislocation or anterior subluxation. Using CT,
especially the dynamic solution with three scans in different head positions, exposes the
often young patients to considerable levels of ionizing radiation [36,37]. It is therefore of
high interest to reduce CT exposure settings in pediatric patients. Neither radiographs
nor non-enhanced CT images sufficiently indicate inflammatory processes with possible
abscess formation or myelopathy. MRI is well suited for the evaluation of nasopharyngeal
regions of interest in Grisel syndrome. At the same time, MRI is adequate for visualizing
atlantoaxial subluxation and spinal cord compression. Once diagnosis is established and in
case a therapeutic orthopedic procedure is indicated, a reduction maneuver (maximal head
rotation to the right first and then to the left during traction) can be performed immediately
under general anesthesia with the patient lying in the scanner in a supine position. In this
case, a single T2w sequence after the maneuver ensures a fast-operating time with reliable
diagnostic accuracy [18].

Considering MRI as primary modality, it must be taken into account that especially
smaller children can have a difficult time tolerating the unusual environment, loud noises,
and the need to lie still [38]. In an emergency setting such as Grisel syndrome with
acute inflammation, distraction and mock MR training techniques may not be applicable.
It is therefore important to weigh pediatric sedation risks against radiation risks. In a
meta-analysis conducted with data from the Pediatric Sedation Research Consortium of
pediatric sedation/anesthesia encounters outside of the operating theater (>60% radiolog-
ical procedures), serious adverse events were rare and no deaths occurred. Events that
have the potential to harm and may require timely rescue interventions occurred once per
89 sedation encounters but could be well managed by a team of specialized care takers.

The standard diagnostic protocol we suggest can be acquired in approximately 20 min
and weighs image quality/resulting diagnostic accuracy against scan time. Ligaments and
symmetry of the odontoid lateral mass and anterior atlantodental interval are usually best
evaluated on T2w sequences. Both fast spinecho inversion-recovery and T2w sequences are
sensitive for bone marrow edema [39]. These advantages are reflected in the common use
of both sequences in literature. T1w sequences without and with CA delineate the anatomy
and pathologic conditions of the retropharyngeal and prevertebral spaces [40]. The protocol
allows for image subtraction on the sagittal plane to identify contrast enhancing tissue and
rim enhancement of abscess formation. Subtraction imaging is a technique whereby an
unenhanced T1lw sequence is digitally subtracted from the identical sequence performed
after CA administration [41]. Post CA fat saturated T1w sequences were not included
in the protocol, because the time required for application of the saturation pulse would
substantially increase the imaging time [42]. However, as revealed by our literature review,
some radiologists prefer the usage of fat saturated images for diagnostic work up. An
alternative to 2D T1w sequences without and with contrast on sagittal plane are contrast-
enhanced chemical shift techniques (Dixon) combining three echoes acquired at different
echo times to create water-only and fat-only images [43].

5. Conclusions

We weighed pediatric sedation risks against radiation risks and MRI advantages
over CT evaluating paraspinal soft tissues, joints, ligaments, and signs of spinal cord
compression. In conclusion, we recommend contrast-enhanced MRI as the primary diag-
nostic modality in children with signs of torticollis in combination with nasopharyngeal
inflammatory or ENT surgical history.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/children8050329/s1, Supplementary Table S1: Details on included studies in scoping review of
MRI in Grisel syndrome.
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