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BACKGROUND Isolated unilateral alar ligament injury (IUALI) is a rare and likely underreported occurrence after upper cervical trauma, with only
16 cases documented in the literature to date. Patients generally present with neck pain, and definitive diagnosis is typically made by magnetic
resonance imaging (MRI). Unfortunately, likely due in part to its rarity, there are no formal guidelines for the treatment of an IUALI. Furthermore, there
is a limited understanding of the long-term consequences associated with its inadequate treatment.

OBSERVATIONS Here, the authors report on three pediatric patients, each found to have an IUALI after significant trauma. All patients presented with
neck tenderness, and two of the three had associated pain-limited range of neck motion. Imaging revealed either a laterally deviated odontoid process
on cervical radiographs and/or MRI evidence of ligamentous strain or discontinuity. Each patient was placed in a hard cervical collar for 1 to 2 months
with excellent resolution of symptoms. A comprehensive review of the literature showed that all patients with IUALI who had undergone external
immobilization with either rigid cervical collar or halo fixation had favorable outcomes at follow-up.

LESSONS For patients with IUALI, a moderate course of nonsurgical management with rigid external immobilization appears to be an adequate first-
line treatment.

https://thejns.org/doi/abs/10.3171/CASE23664
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The alar ligaments, with help from the transverse ligament and
tectorial membrane, are responsible for the bulk of craniocervical
junction (CCJ) stability.1 Strain or rupture of the alar ligaments is of-
ten seen following upper cervical trauma, most commonly alongside
concomitant injuries such as condylar fracture, atlantooccipital dis-
location, atlantoaxial subluxation, or other ligamentous disruption.2–6

Such injuries can result in high cervical instability and often warrant
urgent surgical intervention to prevent or abate severe spinal cord
damage.

Isolated unilateral alar ligament injury (IUALI) is seemingly
rare, however, with only 16 cases documented in the literature to
date.7–14 Due in part to the rarity of this injury, there is limited
understanding of the long-term outcomes associated with IUALI.
Therefore, consensus on the best treatment strategy has been lacking
in the literature.

Herein, we describe the cases of three pediatric patients who
presented after trauma with an IUALI, each treated via rigid collar
immobilization with excellent resolution of symptoms. Aided by a
systematic review of the literature, our report is the first to propose
a gold-standard treatment paradigm for IUALI.

Illustrative Cases
Case 1

A 11-year-old male with no relevant past medical history pre-
sented to the emergency department (ED) after being involved in
an accident between a scooter with an unhelmeted rider and a car.
He reported head trauma without loss of consciousness (LOC) and
neck pain exacerbated by lateral rotation of the head. The patient
was neurologically intact, and the remainder of his examination was

ABBREVIATIONS AP 5 anteroposterior; CCJ 5 craniocervical junction; CT 5 computed tomography; ED 5 emergency department; IUALI 5 isolated unilateral alar
ligament injury; LDAS 5 lateral dens atlas space; LOC 5 loss of consciousness; MRI 5 magnetic resonance imaging; STIR 5 short tau inversion recovery.
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notable only for neck tenderness, scattered abrasions, and pain-
limited range of motion of the neck. Cervical radiographs revealed
rightward lateral deviation of the odontoid process on an anteropos-
terior (AP) “fish-mouth” view (Fig. 1A). Computed tomography (CT)
scanning ruled out any associated fracture, atlantoaxial subluxation,
or atlantooccipital dislocation. Magnetic resonance imaging (MRI) of
the cervical spine demonstrated isolated T2 and short tau inversion re-
covery (STIR) signal intensity within the left alar ligament (Fig. 1B–D).
The patient was maintained in a hard cervical collar and discharged
the following day. At the 1-month follow-up, his neck pain and tender-
ness had resolved, and flexion/extension radiographs revealed no evi-
dence of dynamic instability (Fig. 1E and F). His cervical collar was
subsequently cleared. At the 2-month follow-up, the patient remained
asymptomatic with full cervical range of motion.

Case 2
A 11-year-old male with no relevant past medical history pre-

sented to the ED with neck pain after a fall from a trampoline. The

patient reported that the neck pain was exacerbated by lateral rota-
tion of the head and by flexion or extension of the neck. Physical
examination was only notable for diffuse cervical tenderness and
pain-limited range of motion of the neck. MRI of the cervical spine
revealed T2 signal intensity within the left alar ligament and widen-
ing of the left lateral dens atlas space (LDAS), with rightward odon-
toid deviation (Fig. 2A and B). The patient was placed in a hard
collar and sent home, scheduled to follow-up in 2 months. At the
follow-up, the patient had full painless range of motion of the neck.
Repeat MRI demonstrated reduced signal in the left alar ligament
and medialization of the odontoid, although some mild asymmetry
remained (Fig. 2C and D). The collar was subsequently cleared.

Case 3
A 17-year-old female with no relevant past medical history pre-

sented to the ED with neck and shoulder pain after a motorcycle
accident in which she was unhelmeted and ejected off the bike, hit
her head, and experienced LOC. On examination, the patient was
found to have right clavicular and pan-spine tenderness, worse in
the neck. She was otherwise neurologically intact, with no new
numbness, tingling, or weakness. A radiograph of the shoulder re-
vealed a right clavicular fracture for which she was placed in a
sling. Total spine CT was without fracture or bony displacement. A
STIR sequence of the cervical spine showed isolated signal within
the right alar ligament, indicative of an IUALI (Fig. 3A). The patient
was placed in a hard cervical collar. At the 1-month follow-up, the
patient demonstrated full painless range of motion of the neck and
dynamic and AP radiographs were normal (Fig. 3B-D). The collar
was subsequently cleared.

FIG. 1. Case 1. Cervical radiograph (A) obtained on presentation, demon-
strating lateral deviation of the odontoid process with no associated cervi-
cal spine fractures. Axial T2-weighted MRI (B), coronal STIR (C), and
sagittal STIR (D) sequences obtained on the day of patient presentation,
showing signal intensity within the left alar ligament (white arrows). Flexion
(E) and extension (F) cervical radiographs obtained at the 1-month follow-
up, demonstrating no signs of dynamic cervical instability.

FIG. 2. Case 2. Axial (A) and coronal (B) T2-weighted MRI of the cervical
spine performed on the day of presentation, with signal intensity observed
within the left alar ligament and widening of the left LDAS (white arrows).
Follow-up axial (C) and coronal (D) T2-weighted MRI performed 2 months
later, demonstrating resolved signal intensity and medialization of the
odontoid.
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Literature Review
This comprehensive review followed the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses guidelines with the aim
of supplementing our cases with the literature’s current understanding
of the presentation, management, and outcomes of patients with an
IUALI. PubMed was queried for any report involving patients with an
IUALI that had been published between database inception and No-
vember 2023. The following search terms were utilized to achieve
this goal: “isolated unilateral alar rupture,” “isolated unilateral alar
injury,” “isolated alar injury,” “isolated alar rupture,” “alar rupture,” “alar
injury,” “alar strain,” and “upper cervical spine trauma.”

Any original article that investigated adult or pediatric human pa-
tients with a traumatic alar injury was considered. Exclusion criteria
were as follows: 1) studies with patients who had multiple other up-
per cervical injuries alongside the alar injury, 2) studies in which
there was not ample clinical information (e.g., lack of details regard-
ing patient presentation or management), and 3) studies in which
the alar injury was ambiguous.

The following data were extracted from each included article: first
author, year of publication, age and sex of reported patients, mecha-
nism of trauma, clinical presentation, relevant imaging findings (e.g.,
radiography, CT, MRI), type and duration of treatment, and clinical
and radiological outcome. Some of the extracted data were shown as
a fraction or percentage for presentation purposes. No comparisons
between studies or statistical analyses were performed. Of note, data
were limited by what was reported within original texts, which ac-
counts for some discrepancies in the level of detail provided herein.

Patient Informed Consent
The necessary patient informed consent was obtained in this study.

Discussion
Observations

The alar ligaments extend bilaterally from the lateral or postero-
lateral upper third of the dens to the medial surface of the ipsilateral
occipital condyle, with additional extension of the ligament to the
medial aspect of the C1 lateral mass in some patients.10,15 The
paired ligaments work to maintain the atlas in a midline position as
well as to limit axial rotation and lateral flexion at the C0–1 and
C1–2 joints.15,16 Thus, IUALI likely occurs with abrupt contralateral
rotation or hyperflexion of the neck at forces that are not great
enough to compromise bone or the sturdier transverse ligament
and tectorial membrane.10 Presumably because of its rarity and the
sometimes subtle symptom presentation associated with the injury,
diagnosis of an IUALI is thought to often be missed when clinical sus-
picion is lacking, which has uncertain long-term consequences.11,12

Each patient included in our report presented with neck pain and
tenderness after a significant trauma. Notably, no patient in our cohort
presented with torticollis, painful neck spasms, or neurological deficit.
Although IUALI was suspected on the cervical radiograph of the pa-
tient in case 1, which demonstrated lateral odontoid deviation, all diag-
noses were ultimately made on MRI. In all patients, the condyle–C1
interval, powers ratio, basion-dens interval, and anterior atlantodental
interval were within normal limits, suggesting stability across the
occiput–C1 and atlantoaxial joints. Each patient was treated with rigid
collar immobilization for 1 to 2 months with good resolution of symp-
toms. Postimmobilization imaging in each case showed resolution of
ligamentous injury and stability of the CCJ.

Lessons
Eight prior studies have reported on a total of 16 patients with

IUALI. Among the cases of IUALI that have been previously de-
scribed (Table 1), the most common presenting symptom, affecting
>30% of patients, was motion-aggravated neck pain, particularly
when rotating contralateral to the injury.7–14 Most often, the neck
pain localized to the side of the rupture, although midline or diffuse
pain was also commonly seen.11 Neck tenderness and restricted
neck range of motion, presumably secondary to pain, have also
been frequently described.8,10,12,13 Additional presenting symptoms
attributable to the ligamentous injury were infrequently seen. Ipsilat-
eral torticollis was the next most common chief compliant, with only
2 of 16 patients affected (12.5%).9,10 Interestingly, in the report by
Unal et al.,11 multiple patients were discharged from the hospital af-
ter normal CT scans and were only discovered to have an IUALI af-
ter they re-presented with persistent unilateral motion-aggravated
neck pain. Together, this underscores two important principles when
managing cervical trauma patients. First, all trauma patients should
be assessed for rotational neck pain to ensure bony integrity and
cervical stability. Second, persistent isolated rotational neck pain af-
ter trauma should raise concern for alar ligament injury.

Imaging findings among patients with IUALI can be variable, but
initial CT is important to rule out fractures, subluxation, or disloca-
tion. The most consistent finding, reported in 15 of the 16 docu-
mented patients, as well as in our first patient, was lateral deviation
of the odontoid to the side opposite that of the alar injury.7–14 Odon-
toid deviation is best visualized on CT but can often be seen on ra-
diographs as well, particularly in the AP fish-mouth view. As is the
case with all trauma, patients with concerning CT findings or those
with persistent neck pain or midline tenderness should be assessed
with MRI to better visualize the ligaments of the upper cervical

FIG. 3. Case 3. Coronal STIR image of the cervical spine on the day of
presentation (A), demonstrating signal intensity within the right alar liga-
ment (white arrow). Follow-up odontoid (B), flexion (C), and extension
(D) cervical radiographs without evidence of bony asymmetry or
instability.
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spine.11 True alar rupture can be confirmed by visualizing ligamen-
tous discontinuity, which was explicitly seen in 5 (31.3%) of
16 cases. However, current limitations in MRI often make it difficult
to identify such disruption, particularly when there is inflammation
within the ligament itself or surrounding structures. Therefore, our
ability to distinguish between a rupture or an injury (e.g., strain) is
limited on imaging alone. In the majority of IUALI cases, diagnosis
has been confirmed by visualizing the T2 or STIR signal within the
alar ligament and widening of the LDAS.7–14 Although such findings
are strongly suggestive of edema and/or hemorrhage related to liga-
mentous strain or rupture,10 they must be interpreted alongside the
clinical context, as signal intensity within the alar ligament can
sometimes be observed in healthy patients.17,18 Once the diagnosis
of alar injury or rupture has been made, some authors have opted
to examine stability with a cervical flexion/extension CT scan11 or
radiograph.9 This is especially relevant when there is ambiguous
signal intensity within the transverse or apical ligament that is of un-
determined significance, which could represent an increased risk for
dangerous instability, as was the case in three of the patients re-
ported by Unal et al.11

The long-term consequences of an unrecognized IUALI are not
well understood. It is hypothesized that untreated damage can
increase the risk of later instability and neurological involvement,
especially in the case of a second traumatic event. Kaufmann et al.12

reported on a case in which a patient with an initially undiagnosed
IUALI re-presented 6 months after the alar injury was presumably
sustained with dangerous cervical hypermobility, thoracic para-
esthesias, fasciculations, and dysphagia. Thus, it is important to estab-
lish a gold-standard treatment modality. In 14 of the 16 cases currently
reported in the literature, cervical orthosis for a duration of 1 to 6
months led to the resolution of presenting symptoms and full pain-
less range of motion of the neck.7–14 Of these patients, 10 were
treated with a rigid cervical collar, 3 with a halo brace, and 1 with a
Guilford brace.7–14 Given the lack of deformity or neurological injury
observed in our patients, conservative management until symptoms
abated was also chosen as our first-line treatment modality. Al-
though we considered halo bracing and cervical orthosis via a hard
or soft collar, we ultimately opted for hard collar fixation, as it pro-
vided adequate immobilization without subjecting the patient to the
morbidity of halo bracing. Thus, with our cases included, 17 of 19
total patients attained full symptomatic recovery with cervical immo-
bilization alone; 13 of them were managed using only a collar. This
suggests that rigid collar immobilization until symptoms have re-
solved is adequate for the treatment of IUALIs, although halo brac-
ing can lead to a faster recovery and be a better option for patients
who are unlikely to comply with collar recommendations.9 Other
therapies reported to have aided in recovery included benzodiaze-
pines, physical therapy, chiropractic readjustment, and trigger point
injections; however, these interventions have scarce documentation,
and further studies are needed before they are routinely recom-
mended to patients.8,9,14

Follow-up imaging can be used to help guide the duration of cer-
vical orthosis or to assess the need for additional management;
however, some patients have been cleared on a clinical basis alone
(3 [18.8%] of 16). Most commonly, patients were cleared with symptom-
atic recovery alongside a normal dynamic CT scan (7 [43.8%] of 16) or
radiograph (2 [12.5%] of 16),9 as was the case for 2 of our patients,
and/or MRI demonstrating resolved alar hyperintensity and improved
asymmetry between the odontoid and C1 lateral masses (8 [50%]»
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of 16), as was the case for 1 of our patients.7,9–11 Overall, although
MRI is more sensitive for detecting ligament health, the utility of
treating MRI findings alone is currently unknown. Although we opted
to forgo follow-up MRI in 2 of our 3 patients, in the literature there
were multiple cases of asymptomatic patients who had received ex-
tended treatment based solely on continued signal hyperintensity or
poor bony symmetry on MRI.7,9,12 Larger studies are needed to bet-
ter understand the relationship between MRI findings and the need
for further treatment.

It is interesting to note that IUALI appears to have a predilection
for children, with 11 of the now 19 reported cases occurring in pediat-
ric patients.7–14 The pediatric cervical spine has greater elastic proper-
ties than the adult spine due to several factors, including its relatively
more shallow facet joints, increased laxity within the ligaments, and
underdeveloped supporting musculature.19 This is likely responsible,
in part, for the increased likelihood of ligamentous injury in the ab-
sence of osseous injury.19 Thus, clinical suspicion for an alar injury
should be higher in pediatric trauma patients who present with rota-
tional neck pain. Possible age-specific changes in management, how-
ever, do not appear to apply in the case of alar rupture or injury.

We have offered three additional case studies of IUALI in pediat-
ric patients who were each treated with rigid collar immobilization
and shown to have a good clinical result. While this aligns well with
the current limited body of literature, it is possible that conservative
management is less beneficial for true alar ruptures, in which liga-
mentous continuity is no longer preserved. Despite this, for any
suspected isolated alar injury (e.g., rupture, strain), we still advocate
for an initial trial of rigid collar immobilization for multiple reasons:
1) in most cases, imaging cannot clearly classify a rupture versus a
strain; 2) collar immobilization, via an unexplained underlying pro-
cess, has proven successful even in cases in which ligamentous
discontinuity can reportedly be appreciated; and 3) isolated alar in-
jury has not been reported to present with dangerous high cervical
instability or neurological deficit in any case, which complicates justi-
fication of a highly invasive surgical procedure or halo bracing.
Thus, we recommend that surgical correction/fusion or more inva-
sive orthosis (e.g., halo bracing) be pursued only in cases in which
the patient has a high risk for collar noncompliance or when there
is persistent pain, the development of neurological symptoms, or
worsening deformity or instability even with collar immobilization. It
is important to emphasize, however, that these recommendations
rely on an extremely limited body of literature as well as a currently
unexplained healing phenomenon. Thus, additional studies on the
mechanism by which external immobilization may lead to ligamen-
tous recovery in cases of complete rupture and those that further
compare outcomes depending on treatment methodology are impor-
tant to validate these findings.
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