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Abstract

Background: Horizontal gaze palsy with progressive scoliosis (HGPPS) is a rare autosomal recessive congenital
anomaly characterized by horizontal gaze limitation and progressive scoliosis. We investigated the underlying
pathogenesis by incorporating diffusion tensor imaging and an electrophysiological study.

Case presentation: A 55-year-old female patient presented to our clinic due to a chronic history of eye movement
limitation since childhood. Her eye problem was followed by a progressive scoliotic change in her torso during
junior high school. Neurological examinations revealed remarkable conjugate horizontal but not vertical gaze palsy.
Her pupils were isocoric, with a prompt response to light reflex and convergence. Her vision, including visual acuity
and field, were normal. No pathological signs of muscle tone, muscle power, deep tendon reflex or coordination
were revealed. There was no associated family history, and no diseases involving other systems were noted. On
reviewing her past medical history, X-rays revealed scoliotic changes of her thoracic and lumbar spine. Brain
magnetic resonance imaging showed a midline cleavage at the tegmentum (split pons sign) and butterfly
configuration of the medulla, consistent with HGPPS. Color-coded diffusion tensor imaging in our patient revealed
absence of decussation of the superior cerebellar peduncle. In tractography, the pontocerebellar tracts and fibers
within the inferior cerebellar peduncle, deemed to be primarily dorsal spinocerebellar and vestibulocerebellar tracts,
appeared to be agenetic. The tegmentum was compromised secondary to dorsal displacement of the corticospinal
tracts. Of note, the bilateral corticospinal tracts remained uncrossed at the level presumed to be the pyramidal
decussation. A somatosensory evoked potential study also revealed predominantly ipsilateral cortical sensory
responses.

Conclusions: Our study confirmed that a compromised tegmentum secondary to dorsal displacement of the
corticospinal tracts and poorly-developed afferent fibers within the pontocerebellar tracts and inferior cerebellar
peduncle to be the main neuroanatomical anomalies responsible for the clinical presentations of HGPPS. In
addition, the uncrossed nature of the majority of pyramidal and proprioceptive sensory systems was confirmed.
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Background
Horizontal gaze palsy with progressive scoliosis (HGPPS) is
a rare congenital disorder with autosomal recessive inher-
ence, characterized by impaired conjugate horizontal eye
movements and progressive scoliosis developing in child-
hood and adolescence [1, 2]. Genetic studies underpin that
the pathogenesis of HGPPS is associated with mutations of
the ROBO3 gene, as the ROBO3 protein determines axon
path finding, crossing, and resultant hindbrain morphogen-
esis in human [3]. The responsible pathoanatomical find-
ings remain inconsistent; however it is generally believed to
be the consequence of cranial nuclear maldevelopment, as
evidenced by brainstem hypoplasia in neuroimaging studies
[1, 4]. Although several conventional brain magnetic reson-
ance imaging (MRI) studies have described its anatomical
features and clinical relevance [1, 4], studies incorporating
diffusion tensor imaging (DTI) tractography [5, 6] and elec-
trophysiological assessment [6, 7] are limited. Herein, we
describe a case with clinical-radiological features typical for
HGPPS, and further explore its relevant pathogenesis on a
neuroanatomic basis.

Case presentation
A 55-year-old female patient presented to our clinic due to
a chronic history of eye movement limitation since child-
hood. She had difficulty in moving her eyes to the right or
left, and therefore relied heavily on turning her neck. This
debilitating condition was followed by progressive scoliotic
changes in torso during junior high school. Her cognition
was intact, and she had no history of seizures or vision loss.
Neurological examinations revealed remarkable con-
jugated horizontal but not vertical gaze palsy (Fig. 1)
(Additional file 1). Although she was fully coopera-
tive, saccade and pursuit movements were rarely
completed. Her vestibular-ocular reflex was absent,
and her pupils were isocoric with a prompt response
to light reflex and convergence. No nystagmus, pto-
sis, chemosis, periorbital erythema, or extraocular
muscle synkinesis were observed. Her vision, including
visual acuity and field, were normal. Examinations of
muscle tone, muscle power, deep tendon reflex and coord-
ination were all unremarkable.
On reviewing her past medical history, she was born

at term to healthy nonconsanguineous parents after a
smooth pregnancy. No symptoms indicating central ner-
vous system infection were noted during childhood. She
had developed scoliosis since teenage, and X-rays re-
vealed scoliosis of her thoracic and lumbar spine
(Fig. 2a). She had received bracing treatment, but it had
a limited benefit in halting progression of her thoracol-
umbar scoliosis. No diseases involving other systems
were recorded, and there was no associated family his-
tory. Axial brain MRI showed a midline cleavage at the

dorsal aspect of the pons (split pons sign) and butterfly
configuration of the medulla (Fig. 2b, c), consistent with
HGPPS. In sagittal view, the pons and medulla were dys-
morphic with flattening of both anterior and posterior
contours (Fig. 2d). DTI was performed using a 3.0-T MR
unit (Discovery MR750, GE Medical Systems, Milwaukee,
WI). The diffusion-sensitizing gradients were applied along
20 non-collinear directions with diffusion weighting factor
b = 1000 s/mm2, plus one b = 0 image. The imaging param-
eters were: TR/TE = 8000/82 ms, matrix size = 128 × 128,
field of view = 240 mm, slice thickness = 3 mm with no
intersection gap, number of excitations = 2, number of
slices = 67, scan time = 5 min and 58 s. The post-processing
software Functool (GE Medical System, Milwaukee, WI)
was used to generate fiber tracts. The seed points were
placed in the brainstem based on T2-weighted images. The
cutoff value for fractional anisotropy was 0.20 (default
value). In color-coded DTI, the transverse pontine fibers
(labeled in red by their latero-lateral connection) which
separated the corticospinal tracts anteriorly from the medial
lemniscus and medial longitudinal fasciculus posteriorly in
the normal healthy control, were abnormally located anter-
ior to the corticospinal tracts (Fig. 3b, f). The medial longi-
tudinal fasciculus was compromised secondary to dorsal
displacement of the bilateral corticospinal tracts (labeled in
blue by their cranio-caudal orientation) (Fig. 3b, f). Interest-
ingly, the pontocerebellar tracts were agenetic compared to
the size in the normal healthy control (Fig. 3c, d, g, h). An-
other interesting color-coded DTI finding was absence of
red dot at the level of the pontomesencephalic junction in
our patient (Fig. 4). The red dot identified in the normal
healthy control represents decussation of the superior cere-
bellar peduncle, presumably to be fibers normally oriented
in a latero-lateral direction. Subsequent tractography re-
vealed that the bilateral corticospinal tracts remained
uncrossed at the level presumed to be the pyramidal decus-
sation (Fig. 5). On tracing the fibers within the inferior cere-
bellar peduncle, the targeted fibers, deemed to be primarily
dorsal spinocerebellar and vestibulocerebellar tracts, ap-
peared to be smaller in size compared to the normal
healthy control (Fig. 6). Interestingly, the cortical sensory
responses showed abnormally reversed lateralization in the
patient (Fig. 7). Specifically, although the latencies of all de-
tectable responses were normal (Right N9 = 8.5 ms, N20
contralateral/ipsilateral to stimulus = 16.4 /17.4 ms; Left
N9 = 8.9 ms, N20 contralateral/ipsilateral N20 = 17.2/
18.0 ms; reference value N9 = 9 ms, N20 = 20 ms), a som-
atosensory evoked potential study revealed that the cortical
sensory response was abnormally ipsilateral (Fig. 7).

Discussion and conclusions
In this case report, we combined DTI/tractography and
electrophysiological studies to reveal predominantly ipsilat-
eral sensorimotor findings of HGPPS. The compromised
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tegmentum secondary to dorsal displacement of the corti-
cospinal tracts and the poorly-developed pontocerebellar
tracts and afferent fibers within the inferior cerebellar ped-
uncle may be the main neuroanatomical anomalies respon-
sible for the clinical presentations of HGPPS.
There are currently no autopsy reports of patients with

HGPPS. However, incorporating advanced neuroimaging
studies with clinical assessments may provide informa-
tion to improve the understanding of its fundamental
pathogenesis. The horizontal conjugate eye movement
paralysis without esotropia or lateral rectus muscle atro-
phy in our case indicated that the lesion site was more
likely to be at the medial longitudinal fasciculus rather
than the abducens nuclei. Our color-coded DTI also cor-
roborated this hypothesis, as the tegmentum containing
the medial longitudinal fasciculus was expected to be
compromised by dorsal displacement of bilateral corti-
cospinal tracts. In the presence of profound reduction of
midline crossing fibers within the brainstem, several
DTI studies have further addressed the maldevelopment
of fibers within the superior and middle cerebellar pe-
duncles. The majority of DTI studies identified absent
decussation of fibers from the superior cerebellar pedun-
cles [5, 8]. Our color-coded DTI observation was also
consistent with this anatomical feature. However, there
is a considerable variation regarding the pontocerebellar
tracts. Contrary to normal crossing of the fibers within
the middle cerebellar peduncle identified by Avadhani et

al. [8], the decussating pontine fibers were not visualized
by Sicotte et al. [9]. On the other hand, Otaduy et al. de-
scribed the findings indicative displacement of the pon-
tocerebellar tracts [5]. Descriptions related to fibers
passing through the inferior cerebellar peduncles are
even more limited; isolated study has mentioned size re-
duction of the inferior cerebellar peduncles as an im-
portant component of butterfly configuration of the
medulla [9]. Of note, the afferent fibers of both the pon-
tocerebellar tracts and those within the inferior cerebel-
lar peduncles were visualized to be smaller in size in our
patient than in the normal control through our tracto-
graphy. Such observation provided additional pathoana-
tomical information in HGPPS. Agenesis of the
pontocerebellar tracts, as evidenced by both our
color-coded DTI and tractography, suggests the possibil-
ity of impaired sensory input from the cortex. A recent
DTI study suggested that the pontocerebellar tracts not
only govern pure coordination of simple movement but
also relay feed-forward and feed-backward connections
due to its widespread cortical connectivity [10]. There-
fore, it is possible that patients with HGPPS share a
similar mechanism to patients with idiopathic scoliosis,
whose abnormal sensorimotor network has been pro-
posed to be part of the main pathogenesis [11]. Agenesis
of fibers within the inferior cerebellar peduncles indi-
cates a less competent state of the dorsal spinocerebellar
and vestibulocerebellar tracts, thereby leading to spinal

Fig. 1 Cardinal directions of gaze in this patient. There was a limited range of voluntary ductions in horizontal directions. Vertical gazing
was normal
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deformity by impairing proprioception signals from the
spinal cord [12]. In other words, these fibers receive and
convey proprioceptive information from the posterior
column and vestibular nucleus to the cerebellum, and
this process is thought to be critical as it mediates con-
trol signals back to the spinal cord to drive locomotion
and regulate muscle tone. Several other hypothetical
mechanisms have also been proposed to explain the pro-
gressive spinal deformity, including maldevelopment of
the descending reticulospinal tracts [3], defects in other
structures within the brainstem (e.g., the vestibular nu-
cleus and medial longitudinal fasciculus) [1], and func-
tional anomalies within the pontine reticular formation
[7]. Although our DTI study could not exclude these
possibilities, our electrophysiological studies support the
primary mechanism of progressive scoliosis relying

mainly on the brainstem rather than on the spinal cord
itself. In addition, other studies have also mentioned het-
erogeneous ophthalmological findings with varying eye-
ball alignment and convergence performance [7]. This
suggests that the corresponding brainstem lesions may
involve more than the medial longitudinal fasciculus,
and the possibility that a spectrum of abnormalities may
be involved.
Various homozygous mutations throughout the human

ROBO3 gene located at chromosome 11q23–25 have been
associated with HGPPS. The protein product of this novel
gene is believed to specify the lateral position of longitu-
dinal pathways [13] and direct cell migration [14]. Consist-
ent with genetic studies, animal models using mice have
demonstrated similar findings, suggesting the critical role
of the ROBO3 gene across species. Three cases with the

Fig. 3 Diffusion tensor imaging showing an anatomical anomaly within the pons. a, e Selection of the seed regions of interest (35 mm2) in axial
T2 weighted imaging. b, f Color-coded diffusion tensor imaging showing dorsal displacement of bilateral corticospinal tracts (solid arrows),
malposition of the transverse pontine fibers (asterisk), and agenesis of the medial longitudinal fasciculus (hollow arrow in the healthy control).
Tractography on the right (c, g) and left (d, h) side suggested agenesis of the pontocerebellar tracts (arrow heads) in the patients compared to
the healthy control. Upper row: the patient; lower row: the age and sex-matched healthy control. Ant.: Anterior side; Post.: Posterior side

Fig. 2 Main conventional imaging findings of this patient with horizontal gaze palsy with progressive scoliosis. a Chest X-ray showing S-shaped
scoliosis of the thoracolumbar spine. b Axial T2-weighted brain magnetic resonance imaging showing a midline cleavage at the dorsal aspect of
the pons (split pons sign) (arrow). c Butterfly configuration of the medulla (arrow). d Atrophic change of the pons in sagittal view
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clinical features of HGPPS have been reported to have
hemiplegia ipsilateral to cerebral damage [15–17]. Our elec-
trophysiological study and DTI findings also support that
the uncrossed nature of both the pyramidal and proprio-
ceptive sensory systems are due to ROBO3 mutations in
human neurodevelopment.
Patients with other conditions including Möbius syn-

drome and Duane retraction syndrome may also have
similar clinical presentations of congenital horizontal

gaze paresis. They frequently exhibit additional neuro-
logical signs related to agenesis of other cranial nuclei
(e.g., facial nuclei) [18, 19], but not to have a spilt pons
sign pathognomonic to HGPPS. Patients with congenital
fibrosis of the extraocular muscles also commonly
present with variable phenotypes (e.g., ptosis and infra-
ducted globes) related to the maldevelopment of differ-
ent subnuclei in isolation or combination [20]. Chronic
progressive external ophthalmoplegia should also be

Fig. 5 Tractography of the patient showing the uncrossed bilateral corticospinal tracts (a, b, d, e the seed regions selection; c, f the uncrossed bilateral
corticospinal tracts). No crossed fibers were identified on placing the seed regions of the spinal cord contralateral to those within the pons

Fig. 4 Color-coded diffusion tensor imaging showing absence of red dot in this patient (a) representing decussation of the superior cerebellar
peduncle normally seen in the healthy control (arrow) (b)
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Fig. 7 Somatosensory evoked potential studies comparing the patient and healthy control. Predominant signals of the cortex were detected
ipsilateral to the stimulus in the patient (a, b), in contrast to predominant signals of the cortex contralateral to the stimulus in the healthy control
(c, d). a, c the right-side stimulus. b, d the left-side stimulus. Lead I: ipsilateral Erb point, Lead II: contralateral cortex, Lead III: ipsilateral cortex

Fig. 6 Tractography showing atrophic fibers within the inferior cerebellar peduncle (arrows). a, e Selection of the seed regions of interest
(350 mm2) in axial T2 weighted imaging at approximately the same level. b, f Color-coded diffusion tensor imaging. c, g Tractography on the
right-side. d, h Tractography on the left side. Upper row: the patient; lower row: the age and sex-matched healthy control. Ant.: Anterior side;
Post.: Posterior side
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considered in a differential diagnosis of ocular motility
deficits. However, these patients frequently have variable
clinical presentations combing ptosis, vision deficits,
muscle weakness, and heart involvement due to its
underlying mitochondrial dysfunction [21]. Congenital
esotropia (or Ciancia syndrome) is less likely due to its
presentation during early infancy [22]. We are aware
that the interpretations of our current case would be
limited by the lack of ROBO3 genetics. However, we re-
gard the diagnosis of HGPPS to be correct based onto
classical presentations in this patient. Although our pa-
tients started to present her clinical symptoms since her
childhood, the delayed age at diagnosis compared to the
previous reports [5, 6, 8, 9] were likely due to rarity of
HGPPS in clinical practice. A better understanding of
the uncrossing nature of major pathway could facilitate
clinicians’ awareness when dealing with HGPPS patients
suffered from various brain insults [15–17].
This case report supports the hypothesis that mal-

development of the tegmentum plays a crucial role in
the pathogenesis of HGPPS. Horizontal gaze palsy could
be explained by a compromised medial longitudinal fas-
ciculus, whereas scoliosis could be due to agenesis of the
pontocerebellar tracts and afferent fibers within the in-
ferior cerebellar peduncles. In addition, the uncrossed
nature of the majority of both the pyramidal and pro-
prioceptive sensory systems was confirmed.

Additional file

Additional file 1 Horizontal gaze palsy in this patient (video section). (AVI
2703 kb)
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