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CRANIOSYNOSTOSIS AND OCULOMOTOR DISORDERS

Introduction

Craniosynostosis is a cranial malformation due to premature synostosis of one or more cranial
sutures.

It may be simple, due to closure of a single suture, or complex, due to closure of several sutures. It
may be associated with facial growth abnormalities, in facio-craniosynostosis. This bone deformity,
present at birth, generates skull-brain impingement and complications.

Ophthalmologic complications occur in craniosynostosis, either by direct involvement of the optic
nerve or eyeball or indirectly due to raised intracranial pressure [1].

Amblyopia is a public health issue because it leads to definitive loss of vision if treatment is not early
and appropriate.

The most frequent ophthalmological complications are oculomotor disorders [1,2], showing
prevalence higher than in the general population (4%) [3].

1 Clinical diagnosis
1.1 Sensorimotor evaluation

1.1.1 Sensorial evaluation

- Visual acuity

Physiological visual development in humans continues up to the age of 10-12 years, with
extreme vulnerability between 9-12 months of age. Thus, visual acuity does not reach 10/10
before the age of 5-6 years and remains fragile until the age of 10-12 years, requiring monitoring
until this age, especially in children with craniosynostosis.

Visual acuity in newborns can only be assessed in terms of visual behavior, fixation, and
screening for amblyopia risk factors (refractive error, strabismus).

In older children, visual acuity is assessed on visual acuity scales highlighting and quantifying any
amblyopia.

- Refraction measurements
Refraction is measured by an automatic refractometer after administration of cycloplegic eye-drops,
to highlight amblyogenic refractive anomalies such as astigmatism [4] or anisometropia. Any
significant refractive error should be totally corrected from the age of 9 month [5] because of the
risk of amblyopia.

The examination must be repeated several times until 10 years of age.
- Stereoscopic vision measurement

Stereoscopic vision can be evaluated from the age of 6 months. Various tests such as the Lang test
can be used in consultation.

1.1.2 Motor evaluation
This is an important step of the examination because many oculomotor disorders are associated with
craniofacial malformations. This evaluation can be performed in newborns.



- Torticollis

Torticollis must be screened for and assessed, because some oculomotor disorders are responsible
for permanent torticollis [6].

- Oculomotor deviation

Assessment is made in primary position by the Hirschberg test (corneal reflection), cover test and
synoptophore, screening for A or V pattern syndrome. Conjugate eye movement is assessed in all
positions of gaze.

The affected eye can be highlighted by this examination, and it is not necessarily on the side of the
synostosis [7].

1.2 Biomicroscopic examination of the eyeball
The anterior and posterior segment of each eye should be carefully examined for corneal
involvement or papillary pathology of (atrophy, edema).

2 Complementary examinations
Complementary examinations may be carried out to specify or screen for associated pathology.

2.1 Fundus photography and anthropometric photography
Photos allow accurate follow-up by comparative check. Their interest is all the greater as follow-up
must be continued until the age of 10 years (fig. 1).

2.2 Optical Coherence Tomography (OCT)
OCT allows measurement of the thickness of the optical fibers and detection of early papilledema or
optical atrophy, enabling follow-up of progression thanks to precise comparison of measurements
over time.

2.3 Fluorescein Angiography

Fluorescein angiography may be indicated if there is a doubt about papilledema.

Nevertheless, it may be difficult to perform, because of the young age of the child, as it requires
cooperation for fixation.

2.4 Ocular ultrasonography
This examination can complete preoperative cerebral imaging, analyzing the various ocular and intra-
orbital structures. It can detect muscle abnormalities as excessive thinness or thickness, scar
condition and abnormal scleral insertion. Ultrasonography can also guide oculomotor surgery in
complex cases.

2.5 Cerebral imaging
Cerebral imaging is systematic in preoperative work-up for craniofacial surgery, studying the various
oculomotor axes, their positions in the orbit, insertions and anatomical aspects.



3 Oculomotor disorders

Craniosynostosis is frequently associated with oculomotor disorders of orbital or muscular origin.
These can also be induced by craniofacial surgery [1]. Therefore, ophthalmic follow-up must be
maintained throughout childhood, even in case of normal initial examination.

3.1 Horizontal deviation: exotropia and esotropia with or without V-pattern
syndrome

3.1.1 Exotropia
Exotropia is a form of strabismus where the eyes are in divergence: it is frequently associated with V-
pattern syndrome. It is often found in Crouzon’s syndrome [8] and hypertelorism.

3.1.2 Esotropia
Esotropia is a form of strabismus where the eyes are in convergence.

3.1.3 V-pattern syndrome
V-pattern syndrome is a type of strabismus found in the vertical gaze secondary to orbital torsion
(extorsion or intorsion) (fig. 2).

V- pattern with esotropia: the convergent deviation is greater looking downward than upward.
V-pattern with exotropia: the divergent deviation is greater looking upward than directly downward

V pattern syndrome is often found in craniosynostosis [9]. Surgical correction is difficult because it is
secondary to deformity of the orbit (torsion), often associated with abnormal oculomotor insertion.

3.2 Vertical strabismus: Hypotropia and hypertropia

3.2.1 Hypotropia and Hypertropia
Vertical strabismus is called hypotropia if the eye is deflected downward and hypertropia if upward.
Hypertropia is frequently found in anterior plagiocephaly, associated with pseudo-palsy of the
superior oblique muscle.

3.2.2 Pseudo-palsy of the superior oblique muscle
Hypofunction of the superior oblique muscle associated with overaction of the inferior oblique
muscle characterizes pseudo-palsy of the superior oblique muscle.

In craniosynostosis, it is due to frontozygomatic deformity inducing traction on the muscles and
orbital fasciae. There are different degrees of severity, making diagnosis more or less
straightforward. It is therefore systematically screened for to prevent or treat amblyopia (6) (fig. 3).

4 Craniosynostosis

In simple craniosynostosis, anterior plagiocephaly is the most important source of oculomotor
disorder because of its asymmetrical aspect. Other forms of simple craniosynostosis are more often
associated with ophthalmologic pathologies such as astigmatism, anisometropia, papilledema or
atrophy of the optic nerve.

Syndromic craniosynostosis is also frequently associated with ophthalmologic pathologies.



4.1 Simple craniosynostosis

4.1.1 Anterior plagiocephaly
Anterior plagiocephaly is frequently associated with strabismus, which can be present before the
operation or appear during the postoperative period [1].

Pseudo-palsy of the superior oblique muscle is frequent. The typical picture encountered in severe
anterior plagiocephaly [7], or in case of delayed treatment, includes hypofunction of the superior
obliqgue muscle, overaction of the inferior oblique muscle and overaction of the contralateral inferior
rectus muscle (figs 4 and 5).

Oblique muscle dysfunction induces laterocollis. Poor management leads to persistence or
aggravation of the facial scoliosis during follow-up. Ophthalmological management thus conditions
the craniofacial results.

4.1.2 Trigonocephaly
Trigonocephaly is less likely to cause oculomotor disorder, because of the symmetrical nature of the
deformity. Studies reported 7-15% prevalence [10] [11] of strabismus in children with metopic suture
synostosis. This prevalence is lower than in anterior plagiocephaly or complex craniosynostosis but
higher than in the general population (4%)[3].

Moreover, hypotelorism and epicanthus often give an impression of convergent strabismus.
Oculomotor examination, and in particular study of corneal reflection, confirms absence or presence
of strabismus.

This pathology is frequently associated with astigmatism [11] because of the traction exerted by the
lateral orbital wall on the eyeball via the oculomotor muscle and orbital fascia.

4.1.3 Scaphocephaly
Scaphocephaly is less likely to cause oculomotor disorders than trigonocephaly and anterior
plagiocephaly [12]. On the other hand, it is a major source of visual attention disorder, highlighted by
the "fixation shift” test, evaluating the direction and latency of saccadic eye movements in response
to peripheral visual targets in the lateral field. The high rate of abnormal refixation in infants with
scaphocephaly (11 out of 15 infants with scaphocephaly [12]) could be partly explained by the fact
that the neurophysiological mechanisms underlying the shift in visual attention are related to
parietal lobe function.
However, the main ophthalmological complication to be screened for is papillary edema or papillary
atrophy secondary to primary or secondary intracranial pressure elevation [13,14].

4.1.4 Brachycephaly
Brachycephaly can be associated with ophthalmological disorders such as pseudo-exorbitis or
oculomotor disorders, most frequently exotropia [15] .

4.1.5 Other simple and complex forms of craniosynostosis
Involvement of one or two coronal sutures leads to oculomotor disorders approximating those found
in anterior plagiocephaly and brachycephaly respectively. The main ophthalmological issue in
complex craniosynostosis concerns the consequences of raised intracranial pressure.



4.2 Syndromic craniosynostosis
The prevalence of strabismus is also very high in syndromic craniosynostosis, and particularly in
Crouzon’s syndrome. Oculomotor disorders are also found in Pfeiffer’s and Apert’s syndrome. Other
syndromic forms of craniosynostosis do not entail specific or systematic oculomotor disorders.

All syndromic craniosynostoses expose children to ophthalmologic complications, such as increased
intracranial pressure [16] , papillary edema or atrophic papilla [17].

4.2.1 Crouzon’s syndrome
In Crouzon’s syndrome, strabismus is most often divergent with a V-pattern of orbital extorsion [18],
more prominent at the frontal than the maxillary level. The result is a deformation of the musculo-
fascial cone outside, with excyclorotation of the eyeball. The action of the rectus muscles is modified,
muscle traction becoming oblique because the lateral rectus muscle is attached lower on the sclera
than the medial rectus muscle. This extorsion also induces a V-pattern syndrome. When severe
hypertelorism is associated, divergent strabismus is frequently present. Other ophthalmological
complications are usually found: proptosis, eyeball subluxation, keratitis, and/or papilledema.

4.2.2 Pfeiffer’s syndrome
Pfeiffer’s syndrome shows a high rate of eye complications: oculomotor disorders, proptosis, or
refractive errors. Amblyopia and exposure keratitis are secondary complications to be feared and are
relatively frequent. One study analyzed a series of 22 patients, finding 55% strabismus and 59%
refractive errors [19]. Severe proptosis, excyclotorted eyeball, and strabismus with overelevation in
adduction can be present [20]. Multidisciplinary management with an ophthalmology team is
essential to manage these ophthalmic manifestations and reduce the prevalence of amblyopia.

4.2.3 Apert’s syndrome
The ophthalmologic complications rate in Apert’s syndrome prior to craniofacial surgery is high [21]:
14% amblyopia, 60% strabismus, 13% exposure keratitis and corneal scarring, 8% optic atrophy.
Another study showed that the ophthalmic complication rate remained high even after craniofacial
surgery [22]. The hypertelorism associated with Apert’s syndrome accounts for the high rate of
exotropia [23,24].

Children with Apert’s syndrome are at risk of ophthalmological complications and require close
follow-up.

4.2.4 Other syndromic forms of craniosynostosis
There are no specific oculomotor disorders systematically associated with the other syndromic forms
of craniosynostosis.

Polymalformative syndromes may include ocular abnormalities (congenital glaucoma, dysgenesis of
the anterior segment, blue sclerae, etc.) and non-specific oculomotor disorders which are the
consequence of the syndrome and not of orbital anatomical particularities related to the sutures
involved [25-27].

However, many ophthalmologic complications can occur, such as increased intracranial pressure,
papillary edema, optic atrophy [16] or visual field loss [17].



5 Ophthalmological management

5.1 Preventive and curative treatment of amblyopia
Preventive and curative treatment of amblyopia is essential. It must be started without delay when
necessary. As soon as an oculomotor disorder is revealed on ophthalmological examination, or when
a refractive error is present (severe myopia, severe hyperopia, severe astigmatism, or
anisometropia). Ophthalmological prognosis warrants systematic early ophthalmological
consultation as soon as simple, complex or syndromic craniosynostosis is diagnosed.

Treatment consists mainly in total optical correction and ocular occlusion. When a patient is at risk of
amblyopia, surveillance should be continued after craniofacial surgery and repeated at least once a
year until 6 years, even when examination is normal.

5.2 Oculomotor surgery
Oculomotor treatment is implemented around the age of 4-6 years, after obtaining isoacuity. It
essentially consists in resection, plication, and recession of the various muscles, to restore
satisfactory oculomotor balance.

Pseudo-palsy of the superior oblique muscle and V- or A-pattern syndrome are difficult to treat and
often require reintervention. They can be treated by weakening the inferior oblique [28,29] or
strengthening the superior oblique muscle [30—32], horizontal rectus muscle surgery [33] or a
combination of these procedures, depending on the oculomotor evaluation.

The trickiest forms of craniosynostosis are anterior plagiocephaly and syndromic craniosynostosis
[18], because different types of strabismus can be associated.

5.3 Follow-up
Follow-up is continued until the end of growth of skull and orbits, with close follow-up to avoid any
recurrence. Treatment of amblyopia by occlusion can be continued if necessary until this age. Optical
correction is maintained as needed.

Reintervention on the oculomotor muscles is not uncommon.

CONCLUSION

Preoperative and postoperative ophthalmological follow-up is essential. This must be maintained
throughout the child's growth, in close collaboration between the craniofacial team and
ophthalmologist.

The quality of oculomotor management conditions craniofacial growth, and vice-versa.
The craniofacial team should work in collaboration with a specialized pediatric ophthalmology team.

In the context of anterior plagiocephaly, for which visual issues are important, our experience
prompts us to implement early correction, around the age of 7 months.
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