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We report the case of a 62-year-old man who presented with a progressive myelopathy sec-
ondary to spinal cord compression from an odontoid process fracture and subaxial central
canal stenosis. The patient underwent a C1-T2 posterior decompression and instrumented
fusion (PCDF) and did well immediately postoperatively. However, on POD1, he developed
a right hypoglossal nerve (HN) palsy attributed to direct mechanical compression or injury
from the C1 lateral mass screw (LMS), which improved following a revision and screw re-
placement. While HN injury is a known complication of high anterior and anterolateral cer-
vical spine approaches as well as transcondylar screw fixation, this case aims to expand
on the limited reports available regarding hypoglossal nerve injury following placement of
bicortical C1 LMS. Furthermore, the use of fluoroscopic guidance in addition to anatomic
landmarks and triggered electromyography of the tongue are offered as potential solutions
to prevent HN injury intraoperatively.
© 2022 Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

common cause of HN palsy, followed by trauma injuries and
strokes [1]. The HN arises from the medulla and emerges from
the skull through the hypoglossal canal, directed anterolater-

Hypoglossal nerve (HN) palsy is a rare condition that typically ally above the occipital condyle [2]. The HN then follows a ver-
manifests as dysphagia, dysarthria, and ipsilateral tongue  tical course inferiorly and crosses the anterior aspect of the
deviation. Tumors, predominantly malignant, are the most  lateral mass of C1-C2, specifically lying in front of the lateral
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portion of the C1 lateral mass and C1-2 facet joint, and lateral
and dorsal to the internal carotid artery (ICA) at the C1 level [3].
Given this anatomical location, complications to neurovascu-
lar structures, including persistent HN deficits, following an-
terior C1-2 transarticular screw fixation have been well doc-
umented. However, HN palsy secondary to compression from
a bicortical C1 lateral mass screw (LMS) has only rarely been
reported [4]. We document a case of a unilateral HN palsy on
postoperative day 1 (POD1) secondary to placement of bicor-
tical C1 lateral mass screws after a C1-T2 posterior cervical
decompression and instrumented fusion.

Case presentation

History and examination

A 62-year-old male patient presented with a history of fre-
quent falls, several weeks of rapidly progressive gait dysfunc-
tion and neck pain radiating into his right tricep, forearm,
hand and fingers associated with numbness and paresthesia.
Neurologic exam was notable for decreased range of motion
of the neck, abnormal tandem gait, bilateral diminished grip
strength, and 1+ brachioradialis reflex on the right. The rest
of his neurologic exam, including cranial nerve function, was
unremarkable. His modified Oswestry Disability Index (ODI)
score was 31, consistent with moderate disability level.

Electrodiagnostic and neuroimaging studies

Electromyography (EMG) revealed a right C6 cervical radicu-
lopathy. Magnetic resonance imaging (MRI) of the cervical
spine revealed a fracture across the base of the odontoid
(Anderson D’Alonzo Type 2) [5], likely representing a non-
united chronic fracture. The odontoid process was posteri-
orly angulated causing a moderate compression of the proxi-
mal cervical spinal cord just below the level of the craniocer-
vical junction associated with T2-hyperintense signal in the
spinal cord, likely representing myelomalacia. Additionally,
the MRI revealed multilevel degenerative disease and central
canal stenosis from C3 to C7. Computed tomography imaging
and radiographs of cervical spine revealed mild-to-moderate
spondylosis at C4-C5, C5-C6 and C5-C7.

Surgical procedure

Given the presentation of progressive myelopathy that was
felt to be secondary to spinal cord compression from the odon-
toid process fracture and subaxial central canal stenosis, the
decision was made to proceed with posterior decompression
and instrumented fusion. The patient was brought to the op-
erating room electively for a C1-T2 posterior cervical decom-
pression and instrumented fusion with autograft placement
(Fig. 1). Patient was intubated under direct visualization with
video laryngoscopy). Neurophysiologic monitoring with motor
evoked potentials (MEPs), somatosensory evoked potentials
(SSEPs), free running electromyography (EMG), and brainstem
auditory evoked responses (BAERs), and electroencephalog-
raphy (EEG) was performed throughout the case, beginning

Fig. 1 - Postoperative lateral cervical radiograph,
“Swimmer’s view,” depicting placement of the posterior
instrumentation from C1-T2. Area of interest at C1 anterior
arch (white arrow).

immediately after the intubation. Standard prone position-
ing with 3-pin head fixation in slight flexion with a may-
field frame was used. Motor and sensory evoked potentials
were unchanged after patient positioning. Standard poste-
rior midline cervical spine exposure from C1 to T2 was car-
ried out. Bicortical C1 lateral mass screws and standard C2
pars screws were inserted bilaterally according to Goel [6] and
Harms [7] technique. Subaxial C3-C6 lateral mass screws were
then placed utilizing the Magerl [8] technique followed by T1
and T2 pedicle screws placement bilaterally. Anatomical land-
marks and freehand technique with intermittent spot X-Rays
were used during the placement of the instrumentation. De-
compression was performed from C2 to C7 using standard
technique. Rods were then placed spanning the C1 to T2 in-
strumentation and a morselized autograft from the laminec-
tomy fragments was laid down after thorough decortication to
promote arthrodesis. Closure was performed in standard mul-
tilayer fashion over a suction drain. Neurophysiological sig-
nals were unchanged throughout the procedure. Patient was
extubated and noted to be at his neurologic baseline with no
significant motor deficit noticeable prior to leaving the oper-
ating room.

Postoperative course

Patient did very well immediately postoperatively. Patient’s
neurological exam was closely monitored in the recovery
room and later in the intermediate care unit. On POD1, while
the patient was eating his breakfast, he complained of a sen-
sation of tongue swelling and difficulty moving food around
his mouth while eating. Examination revealed significant
tongue deviation to the right most concerning for a right hy-
poglossal nerve palsy (Fig. 2). No other neurological abnormal-
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Fig. 2 - Tongue deviation to the right observed on
postoperative day 1 (POD1) in a patient with hypoglossal
nerve injury.

ities were found. Computer tomography angiography (CTA) of
his head and neck did not demonstrate any vascular occlu-
sion. MRI of the brain without contrast revealed no evidence
of acute infarct, hemorrhage, or mass effect. On review of the
CTA images, the right C1 lateral mass screw was noted to ex-
tend 4 mm beyond the anterior cortical margin of the C1 arch
(Fig. 3). The hypoglossal palsy was felt to be attributable to
direct mechanical compression or injury from the C1 lateral
mass screw. Findings were discussed with the patient and a
decision was made to proceed with revision of the right C1
screw.

Revision procedure

The patient underwent a revision surgery for right C1 lateral
mass screw replacement. The previously placed screw was re-
moved and replaced with a new screw following the same
anatomic trajectory that was 4 mm shorter. No electromyo-
graphic activity was noticed in the right tongue with the ma-
nipulation of the first bicortically inserted C1 screw. Imme-
diate postoperative radiographs (Fig. 4) confirmed appropri-
ate positioning of hardware. Patient did well postoperatively
and was recommended to be discharged home. He was as-
sessed by speech therapy and was able to tolerate a regular
diet. He was discharged home after appropriate recommen-
dations were made.

Outpatient follow up

At last post-operative follow-up, the patient’s hypoglossal
palsy was noted to be improved.

Discussion

While hypoglossal nerve injury is a known complication of
high anterior and anterolateral cervical spine approaches as

Fig. 3 - Postoperative axial CT image depicting the right C1
screw 4 mm beyond the cortical edge of the C1 arch (white
arrow).

well as transcondylar screw fixation, limited cases of hy-
poglossal nerve injury have been reported with the placement
of bicortical C1 lateral mass screws.

The more frequently cited risks associated with the place-
ment of bicortical C1 lateral mass screws include vertebral or
carotid artery injury with accompanied cerebellar infarcts, C2
nerve root irritation with associated occipital headaches, cere-
brospinal fluid leak and spinal cord injury. Relatively scant
data exists on the incidence of injury to structures ventral to
the anterior C1 arch including ICA, hypoglossal nerve, and the
aerodigestive tract.

Hypoglossal nerve topographical anatomy with anatomical
variants

The hypoglossal nerve emerges from the hypoglossal canal
at the skull base and passes downward between the internal
carotid artery (ICA) and the internal jugular vein ([JV). Ebra-
heim et al. [9] demonstrated that, typically, the hypoglossal
nerve is located posterior to the ICA and 2-3 mm lateral to the
middle to the anterior aspect of the lateral mass of C1. More
distally, it courses superficially to the ICAs and deep to the IJV.

Based on a morphometric study where Hong et al. [10] eval-
uated the anatomical relationships between the HN and the
C1 bony structures (midline, lateral margin of the C1 lateral
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Fig. 4 - Postoperative lateral cervical radiograph following
C1 screw replacement (white arrow).

mass, and C1 transverse process) the average diameter of the
HN was 2.4 mm (SD 0.5 mm). The HN was located lateral to
the C1 lateral mass in 85% of cases and in front of the lateral
half of the lateral mass in 15% of cases. The ICA was located
lateral to the C1 lateral mass in 44.4% of cases and in front
of the lateral half of the lateral mass in 55.6% of cases. There
was a statistically significant correlation between HN and ICA
in terms of the distance from the midline, C1 lateral mass and
transverse process. Consequently, medially located ICA was
demonstrated to be a risk factor for HN located ventral to the
lateral half of the C1 lateral mass.

In another anatomical study conducted by Cirpan et al.
[11] the mean distance between the midline and the ICAs was
26.13 mm at the level of the axis. The mean distance between
the midline and the HN was 33.3 mm on average at the level
of the axis. This confirmed that the HN and the ICA proceeded
ventrally and laterally along the lateral aspect of the lateral
mass of Cl. Hence, the area located ventrally along the me-
dial components of the C1 lateral mass was the safe zone for
anterior cervical approaches and for bicortical purchase of C1
lateral mass screws.

Optimal C1 lateral mass screw placement

One often overlooks the need to orient the C1 lateral mass
screw medially duringits placement. Hong et al. [12] suggested
that optimal medial angulation of C1 lateral mass screws
is essential to obtain longer screw purchase length hence
stronger pullout strength in addition to avoiding the ventral

neurovascular structures during bicortical screw fixation. This
implies that pre-operative neuroimaging should be studied
thoroughly and measurements should be applied on the ex-
posed anatomy in order to assist the surgeon in predicting the
optimal screw entry point, angulation and trajectory.

On the other hand, another study by Hu et al. [13] that eval-
uated a large series of C1 lateral mass screws to determine
accuracy based on CT scanning findings and to assess periop-
erative complication rate related to errant screw placement
demonstrated a rate of ideal/safe screw placement of 97.2%.
The 2.8% of unacceptable cases were mostly due to screws
that erred medially into the spinal canal. Two patients had
their C1 screw penetrate the anterior cortex by approximately
4mm and neither of them had any clinical signs of ICA or HN
injuries.

Fluoroscopic guidance and electrophysiologic monitoring

Sai Kiran et al. [14] demonstrated safety, reproducibility and
accuracy of lateral fluoroscopic-guided placement of C1 lat-
eral mass screws and C2 screws when compared to freehand
placement. Postoperative CT images imaging confirmed per-
fect placement of all C1 LM screws in a cohort of 94 patients.
Thus, combining anatomic and lateral fluoroscopic guided
placement of C1 LM screws might be the safest technique that
prevents injuries to the surrounding neurovascular structures.

Moreover, instrumentation of the cervical spine is techni-
cally challenging and more difficult than the remainder of the
spine. The associated complications to screw misplacement
can lead to irreversible neurological damage. Real-time con-
firmation of correct screw placement in the operating room
should therefore be considered a quintessential tool for con-
tinuous neuromonitoring intraoperatively. One would propose
continuous monitoring of the hypoglossal nerve function with
free running and triggered electromyography of the tongue for
the detection of HN irritation, injury, or other anatomic con-
flict with implanted instrumentation during the placement of
C1 LM screws.

Conclusion

Hypoglossal nerve injury is a rare yet important complication
of C1 bicortical LM screw placement. We described a case of
right HN palsy following C1 LM screws placement that im-
proved on short term follow up over a period of 3 months after
revision and replacement of the initial problematic screw with
a shorter one. The use of fluoroscopic guidance in addition to
anatomic landmarks and triggered EMG of the tongue are po-
tential solutions to prevent hypoglossal nerve injury during
placement of C1 lateral mass screws.

Patient consent

Informed consent for publication of this case was obtained
from the patient under Dr. Jack Jallo’s service at the Neuro-
surgery team at Thomas Jefferson University Hospital.
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