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ABSTRACT: BackgroundBackground: The head retraction reflex (HRR) is characterized by the extension of the neck after
percussion stimulation of the central facial region. It is either absent or habituates in normal individuals and can
become exaggerated and persistent in certain pathological conditions, having been most commonly reported
in hyperekplexia and stiff-person syndrome disorders. It has not, however, been reported in Niemann-Pick type
C (NPC), a lipid storage disorder with a variety of neurologic and systemic manifestations. The diagnosis of NPC
is often delayed because of the rarity of the condition and the subtlety of clinical signs.
CasesCases: We present 3 consecutive cases of genetically confirmed NPC with a pathological HRR, which was not
present in controls. Neurophysiological analysis showed findings suggestive of myoclonus of brainstem origin.
ConclusionConclusion: We propose that the presence of a pathological HRR, an easily performed clinical test, may provide
a clue to the diagnosis of NPC.

The head retraction reflex (HRR) is a reflex obtained by sharply
tapping the midline of the face and results in the contraction of
facial muscles and a withdrawal of the head. It was first described
in the clinical setting, most commonly in hyperekplexia syn-
dromes and anti-GAD-related disorders.1 The neurophysio-
logical correlate of the HRR, termed the trigemino-cervical
reflex (TCR), can be present in healthy individuals and likely
serves as a protective withdrawal reflex. The TCR, however,
has a longer latency and habituates in comparison with the
pathological response, which has a shorter latency and per-
sists.2,3 Niemann Pick type C (NPC) is a genetic disorder
characterized by the accumulation of lysosphingomyelin in
various tissues and characteristically presents with a vertical
supranuclear gaze palsy, ataxia, gelastic cataplexy, and cogni-
tive dysfunction, among varied other features. Early in the
disease course, however, the features may be nonspecific, and
diagnosis is often delayed. We demonstrate here that the pres-
ence of a pathological HRR in patients with a vertical supra-
nuclear gaze palsy may provide an additional clinical clue to
the diagnosis of NPC.

Case Series
Case 1
A 40-year-old man had an insidious onset of mild dysarthria, gait
disturbance, and blurred vision in his mid-teens. He developed
subtle cognitive dysfunction, with poor memory and concentra-
tion, previously being a high achiever. He had longstanding
thrombocytopaenia and left leg congenital lymphoedema. There
was no family history, and he was born of nonconsanguineous
parents. His neurological presentation was sufficiently insidious
and subtle that he was only referred for neurological review after
he presented to an emergency department with cellulitis. Exami-
nation demonstrated absent saccadic downgaze and slowed sac-
cadic upgaze with intact pursuit. There was mild limb ataxia and
impaired tandem gait. There was also subtle parkinsonism with
bilateral bradykinesia and decrement on finger tapping. A patho-
logical HRR was present, with a stereotyped, nonhabituating
extension of the neck to nose tap (Video S1, segment 1). There
was no spontaneous myoclonus, stimulus-sensitive limb
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myoclonus, or acoustic startle. Brain magnetic resonance imaging
(MRI) and electroencephalogram (EEG) were normal.
Lysosphingomyelin was 1.7 ng/ml (<0.4). He was a com-
pound heterozygote with 2 known pathogenic variants in
NPC1, c.3019C > G (p.Pro1007Ala) and c.2861C > T (p.
Ser954Leu). Surface electromyogram (EMG) was recorded
from the left orbicularis oculi, masseter, trapezius, deltoid,
sternocleidomastoid (SCM), ADM, and C7 and T12 para-
spinals. Nose tapping was done by a finger with a piezoelec-
tric crystal attached. Stimulation induced a single response
with an EMG response seen at a latency of 20 milliseconds,
with near simultaneous onset across the muscles. In addition,
there was a second discharge seen at �100 milliseconds
(Fig. 1). No reflex response was obtained following tapping of
the forehead, cheek, mentalis, or sternal region.

Case 2
A 39-year-old woman presented with a 5-year to 6-year his-
tory of cognitive decline associated with slurring of speech and
gait disturbance. She had a history of severe depression, schizo-
phrenia, and postpartum psychosis. She had suffered with
learning difficulties from a young age and had delayed motor
milestones. There was no family history, and she was born of a
nonconsanguineous marriage. Examination showed a vertical
supranuclear gaze palsy, with normal horizontal eye move-
ments. There was also limb and truncal ataxia with a broad-
based gait. There was no spontaneous myoclonus, stimulus-
sensitive limb myoclonus, or acoustic startle. A pathological
HRR was present (Video S1, segment 2). There was no spon-
taneous or stimulus-sensitive limb myoclonus. Brain MRI and
EEG were normal. Lysosphingomyelin was elevated at 1.2

FIG 1. Patient 1: multichannel surface electromyogram (EMG) recording after a tap to the nose, representative superimposed trace of
3 trials to demonstrate lack of habituation. Bottom channel represents accelerometer attached to finger, measuring in triaxial planes.
Note only a single triaxial accelerometer recording (hence the 3 traces, representing the 3 axes) was illustrated for clarity. Note also the
sweep duration 50 milliseconds per division. Initial movement represents finger withdrawal, with tap occurring at the peak of the curve
(as marked). The first EMG response is consistently seen at latency 20 milliseconds, with earliest onset at lower brainstem innervated
muscles (SCM, trapezius), with a second discharge seen at �100 milliseconds. A small EMG response seen prior to nose tap is
artefactual. Note that given a single accelerometer trace is included for clarity, some EMG responses may appear earlier in this figure.
ADM, abductor digiti minimi; L, left; Orb, orbicularis; PS, paraspinals; SCM, sternocleidomastoid.
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ng/ml (<0.4). Massive parallel sequencing of NPC1 and NPC2
showed heterozygous variants in NPC1 at c.743G > A(p
(Glyc248Asp), which has not been reported previously, and a
known pathogenic variant in c.1298C > 5 (Pro433Leu).
Multi-EMG recordings of the left orbicularis oculi, masseter,
trapezius, deltoid, SCM, ADM, and C7 and T12 paraspinals
following nose tapping, as in patient 1, induced a single
response, with the earliest onset of EMG response seen in the
SCM, with a latency of 20 milliseconds, followed by near
simultaneous onset across muscles (Fig. 2). A similar reflex
response was obtained from tapping the sternal region, but not
the forehead, cheek, or mentalis.

Case 3
A 44-year-old man had an onset of subtle cognitive dysfunction
in his mid to late teens. Speech disturbance 2 to 3 years prior to

presentation brought the patient to medical attention. On initial
medical review, subtle dysarthria, ataxia, and tremor of the upper
limbs was noticed. Vertical supranuclear gaze palsy was only
noted some time later. There was no family history, and the
patient was born of a nonconsanguineous marriage. After a
diagnostic delay of 2 years, skin fibroblast analysis was per-
formed, with features consistent with NPC, which was then
confirmed with genetic testing, with a bi-allelic mutation in the
NPC1 gene (genotype not available). Brain MRI and EEG
were normal. Examination showed a vertical supranuclear gaze
palsy. There was mild limb and gait ataxia. There was no spon-
taneous or stimulus-sensitive limb myoclonus. There was no
acoustic startle. A pathological HRR was present (Video S1,
segment 3). A multichannel EMG recording demonstrated a
single response with the earliest onset of EMG response seen in
the SCM, with a latency of 20 milliseconds, followed by a near
simultaneous onset across muscles (Fig. 3).

FIG 2. Patient 2: multichannel surface electromyogram recording after a tap to the nose. Bottom channel represents accelerometer
attached to finger. Note the sweep duration 100 milliseconds per division. Initial movement represents finger withdrawal, with tap
occurring at the peak of the curve (as marked). The earliest onset of electromyogram response is seen in the SCM with a latency of
20 milliseconds followed with spread to the rostral and caudal muscles. ADM, abductor digiti minimi; L, left; Orb, orbicularis; PS,
paraspinals; SCM, sternocleidomastoid.
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Control Series
A total of 3 healthy individuals aged 30 to 36 years (2 women) were
studied clinically and neurophysiologically. There was no clinical
response in 2, and subtle head retraction that habituated after 2 to
3 taps was in the third. Neurophysiological recordings did not show
an EMG response other than a habituating blink reflex (Fig. S1).

Discussion
The HRR was first described by Foerster in 1921 in those with
postencephalitic parkinsonism or severe arteriosclerotic disease.1

Wartenburg4 then described it primarily in association with
amyotrophic lateral sclerosis and considered it to be an exaggerated
reflex with origin from the corticospinal tracts. Since that time,
there have been several small series in patients with stiff-person
spectrum and hyperekplexia syndromes.1,5 Somewhat interestingly,

Sandyk and colleagues6 found it to be positive in a high proportion
of patients with parkinsonism compared with controls, although this
finding has not been confirmed.

The HRR is elicited by sharply tapping the region of the face.
The response is best seen after stimulus to the midline,7 and par-
ticularly to the nose or upper lip.1 A positive response ranges
from simple facial muscular contraction to dramatic withdrawals.
A similar neurophysiological response (the TCR), without clear
clinical correlate, is seen in some healthy individuals via surface
EMG sampling of the involved muscles and is composed of early
and late responses. The TCR may be considered analogous to
the protective withdrawal reflex seen in the lower limbs. The
TCR, however, is of longer latency and habituates (particularly
the early response), suggesting that the clinical presence of a
pathological HRR may be an exaggeration of a physiological
reflex.2,3 Neurophysiological recordings of the pathological
HRR, in contrast, have shown synchronized activation of
craniocervical musculature with a short latency and lack of habit-
uation, similar to that seen in our patients, suggesting a brainstem

FIG 3. Patient 3: multichannel surface electromyogram recording after a tap to the nose. Bottom channel represents accelerometer
attached to finger. Note the sweep duration 100 milliseconds per division. Initial movement represents finger withdrawal, with tap
occurring at the peak of the curve (as marked). The earliest onset of electromyogram response is seen in trapezius at a latency
20 milliseconds followed by spread to the rostral and caudal muscles. ADM, abductor digiti minimi; L, left; Orb, orbicularis; PS,
paraspinals; R, right; SCM, sternocleidomastoid.
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origin.5 The pathological HRR is therefore currently generally
considered a polysynaptic cutaneomuscular brainstem reflex and
possibly represents an exaggerated TCR.

NPC is a genetic disorder related to mutation in 2 genes, NPC1
and NPC2, and is characterized by the accumulation of
lysosphingomyelin in various tissues, including the nervous system.
Initial manifestations commonly include vertical supranuclear gaze
palsy, ataxia, parkinsonism, neuropsychiatric disturbance, seizures,
haematologic abnormalities, and hepatosplenomegaly, among other
features. There is often a lag in diagnosis, however, because of its
rarity and, apart from the supranuclear gaze palsy and gelastic cata-
plexy, lack of specific signs. With the increasing availability of
targeted treatment, such as miglustat and now cyclodextrin,8 earlier
diagnosis is assuming greater importance with regard to the potential
treatment and prevention of irreversible damage.

The phenomenology and electrophysiological findings seen in our
3 patients with biochemically and genetically confirmedNPC are typ-
ical of a pathological HRR. Absence in controls supports its presence
as a diagnostic aid. The authors regularly check for the HRR in a spe-
ciality movement disorder clinic and have not found it consistently
present in other disorders. Myoclonus is only rarely seen in NPC and
is particularly rare during the early stages.9 Furthermore, there were
no historical clues to stimulus-sensitive myoclonus or hyperekplexia
in our patients, necessitating the deliberate testing for the HRR to
elicit its presence. A pathological HRRmay be present without other
examination signs of exaggerated startle or reflex myoclonus, as in our
patients, demonstrating that a pathological HRR may therefore pro-
vide a diagnostic clue that the pathological HRR, similar to vertical
supranuclear gaze palsy, might be relatively specific for NPC. Further
studies in a larger series of patients with both suspected and confirmed
NPC, in both early and more advanced disease, are required to
confirm or refute this suggestion.
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Figure S1 Control sample. Rastered trace. First trial from

each control. Multichannel surface electromyogram recording
after a tap to the nose. Bottom channel represents accelerometer
attached to finger. Initial movement represents finger with-
drawal, with tap occurring at the peak of the curve (as marked).
No response seen.
Video S1 Segment 1, patient 1: vertical supranuclear gaze

palsy. Positive pathological head retraction reflex to tap on the
nose. Segment 2, patient 2: vertical supranuclear gaze palsy. Posi-
tive pathological head retraction reflex to tap on the nose. Seg-
ment 3: positive pathological head retraction reflex. Not shown
is vertical supranuclear gaze palsy and mild limb ataxia.

MOVEMENT DISORDERS CLINICAL PRACTICE 2020; 7(5): 543–547. doi: 10.1002/mdc3.12976 547

A.J. MARTIN ET AL. CASE SERIES


	 The Head Retraction Reflex in Niemann-Pick Type C: A Novel Diagnostic Clue
	Case Series
	Case 1
	Case 2
	Case 3
	Control Series

	Discussion
	Acknowledgments
	Author Roles
	Disclosures
	References


