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Abstract

Background: Patients with unicoronal craniosynostosis (UCS) often show torticollis, which
can result from either an ocular cause or an imbalance in the neck muscles. For the primary
caregiver, the plastic surgeon, it is crucial to know the prevalence of ocular torticollis (OT) to
ensure appropriate referrals for treating torticollis to an orthoptist or physiotherapist.
Furthermore, associated ophthalmic features with OT in these patients are scarcely described.
Understanding these associations helps orthoptists in developing effective treatment plans for
these patients.

Purpose: To determine the prevalence of OT in a population-based cohort of UCS patients
and investigate its association with binocular single vision (BSV), strabismus, ocular motility,
cyclotorsion, refractive error, and amblyopia.

Methods: In this descriptive cross-sectional study, medical records of non-syndromic UCS
patients treated between 1994-2022 at a tertiary-care hospital, were retrospectively reviewed.
Collected data included diagnosis and type of torticollis, BSV, strabismus, ocular motility,
alphabetical patterns, cyclotorsion, refractive error, and amblyopia. Patients were classified as
OT based on their ophthalmic and/or orthoptic diagnosis. Prevalence was determined using a
binominal test and its confidence interval using the Clopper-Pearson test. Associations
between OT and the ophthalmic features were determined using Chi-square or Fishers exact
test and the effect size was calculated using Cramer's V.

Results: In total 146 patients with UCS were included; of whom 57 had torticollis. An ocular
cause for the torticollis was found in 54 patients 37% (95% CI [0.292 — 0.454]). Significant
associations were found between OT and strabismus (p<0.001), ocular motility abnormalities
(p<0.001), alphabetical patterns (p<0.001), and amblyopia (p=0.002). BSV (p=0.277) and
refractive error (p=1.0) were not significantly associated with OT. Although, in OT the BSV was
relatively poor (42.1%) and more frequently absent (26.3%) compared to the non-torticollis
group (7% and 16.3%, respectively). In both groups excyclotorsion was predominantly present
(62.3%).

Conclusion: In 95% of cases, torticollis in UCS patients is ocular-related. Overall, one-in-three
patients with UCS have OT.

Recommendations: This study emphasizes the importance of plastic surgeons referring all
UCS patients with torticollis to an orthoptist, who specializes in diagnosing and treating OT,

before considering physiotherapy.

Keywords (5)
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Nederlandse samenvatting

Achtergrond: Patiénten met unicoronale craniosynostose (UCS) vertonen vaak torticollis, die
kan voorkomen door een oculaire oorzaak of een onbalans in de nekspieren. Het kennen van
de prevalentie van een oculaire torticollis (OT) is van belang voor plastisch chirurgen - als
hoofdbehandelaar - om een passende doorverwijzing voor de behandeling van torticollis te
faciliteren; hetzij naar een orthoptist of fysiotherapeut. Geassocieerde oogheelkundige
kernmerken van OT zijn beperkt beschreven. Het kennen van deze associaties helpt
orthoptisten bij het ontwikkelen van effectieve behandelplannen voor deze patiénten.

Doel: Het bepalen van de prevalentie van OT in een populatie gebaseerd cohort van UCS-
patiénten en bepalen van de associatie met binoculair enkel zien (BEZ), scheelzien,
oogmotiliteit, cyclotorsie, refractie fout en amblyopie.

Methode: In deze beschrijvende cross-sectionele studie werden medische dossiers van
patiénten met non-syndromale UCS, behandeld in een ziekenhuis voor tertiaire zorg,
retrospectief beoordeeld. Verzamelde gegevens omvatten de diagnose en het type torticollis,
BEZ, scheelzien, oculaire beweeglijkheid, alfabetische patronen, cyclotorsie, refractieve
afwijking en amblyopie. Patiénten werden geclassificeerd als OT gebaseerd op de
oogheelkundige en/of orthoptische diagnose. De prevalentie werd bepaald met een binominale
test en zijn betrouwbaarheidsinterval met de Clopper-Pearson test. Associaties tussen OT en
oogheelkundige kenmerken werden bepaald met de Chi-kwadraattoets of Fishers exact toets,
effectgroottes werden berekend met Cramer's V.

Resultaten: Er zijn 146 UCS-patiénten geincludeerd; 57 hadden een torticollis. Een oculaire
oorzaak voor de torticollis werd gevonden bij 54 patiénten 37% (95% CI [0.292 — 0.454]).
Significante associaties werden gevonden tussen OT en scheelzien (p<0.001), afwijkingen in
oogmotiliteit (p<0.001), alfabetische patronen (p<0,001) en amblyopie (p=0.002). BEZ
(p=0.277) en refractieve afwijkingen (p=1.0) waren niet significant geassocieerd met OT.
Hoewel het BEZ in OT relatief slechter was (42.1%) en vaker afwezig (26.3%) in vergelijking
met de groep zonder torticollis (respectievelijk 7% en 16.3%). In beide groepen was een
excyclotorsie overwegend aanwezig (62.3%).

Conclusie: In 95% van de gevallen heeft torticollis bij UCS-patiénten een oogheelkundige
oorzaak. In totaal heeft één-op-de-drie UCS-patiénten OT.

Aanbevelingen: Dit onderzoek benadrukt het belang van plastisch chirurgen om alle UCS-
patiénten met torticollis te verwijzen naar een orthoptist, die gespecialiseerd is in het

diagnosticeren en behandelen van OT, alvorens een verwijzing naar fysiotherapie.
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Introduction

Craniosynostosis is a rare congenital condition characterized by the premature closure of one
or more cranial sutures’. It can occur as part of a syndrome or as an isolated finding (non-
syndromic)?3. Unicoronal craniosynostosis (UCS) is a non-syndromic form, in which one
coronal suture closes prematurely®*. It is also known as anterior plagiocephaly and accounts
for 30-35% of non-syndromic craniosynostosis cases®. The prevalence of UCS is
approximately 1 in 10,000 live births worldwide, with a higher incidence in females*®. Due to
the premature closure of the coronal sutures, the infant’s head growth is restricted at the side
of the closure, leading to growth occurring on the ipsilateral side. This results in several skull
deformations: a flattened forehead and base of the orbit on the side of the fusion (retrusion of
the forehead and superior orbital rim), protrusion of the forehead on the contralateral side
(frontal bossing of the forehead), raised eye socket on the ipsilateral side (orbital asymmetry),
and a shift of the nose towards the ipsilateral side (nasal deformity)’; figure 1. Surgical
correction by a plastic surgeon is typically required to address the suture closure. Ocular
abnormalities associated with UCS include strabismus (misalignment of the eyes), aniso-
astigmatism (different amounts of astigmatism between both eyes), and amblyopia (lazy eye)®.

Torticollis, characterized by head tilt, can also occur in UCS, either as ocular-related or non-

9-12

ocular-related torticollis

Retrusion of the

forehead and Frontal bossing
superior rim —
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coronal

Orbital asymmetry suture

Nasal deformity

Figure 1: Unicoronal suture synostosis cause a suture-specific skull shape and deformations. (Adjusted from Mount Sinai
Craniofacial Clinic3, 2023)

The prevalence of ocular torticollis (OT) in patients with UCS is unknown, despite being a
commonly reported feature'"'*. Determining this prevalence is crucial for plastic surgeons, as
primary caregiver, to make appropriate referrals for treating torticollis. Non-ocular torticollis in
UCS is commonly caused by sustained contraction of the sternocleidomastoid muscle. In
these cases, physiotherapy is needed to prevent permanent torticollis by relieving tense neck
muscles and achieving an upright head position®'®'2®, On the contrary, OT is an abnormal
head posture resulting from an ocular cause. It serves as a compensatory mechanism to

alleviate double vision caused by strabismus and obtain binocular single vision (depth
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perception) (BSV) or to improve visual acuity (eyesight)'’. Maintaining OT is vital for preserving
BSV'2°_If no OT is not maintained, it can lead to double vision, suppression of the squinting

20,21

eye, and the development of amblyopia™'. Referral to an orthoptist is essential for treating

OT"™, as their expertise is to effectively resolve OT through strabismus surgery'®?'.

The prevalence of strabismus in UCS patients, especially incomitant strabismus, is significantly
higher (40-70%) %> compared to the general population (1.93%)%. Incomitant strabismus is
a type of strabismus where the misalignment of the eyes varies with the direction of gaze®.
This high prevalence is hypothesized as the ocular reason why these patients adopt

11,31

torticollis' "', Strabismus in UCS can result from the abnormal position of the trochlea or the

absence of the superior oblique muscle®?® (Figure 2A). This can lead to excyclotorsion
syndrome, also known as pseudo-superior oblique palsy or strabismus sursoadductorius®3,
The excyclotorsion syndrome causes several ocular motility abnormalities to occur: elevation
in adduction, V-pattern strabismus, and excyclotorsion'*" (Figure 2B-D). Unfortunately, little
is known about these associated ophthalmic features in UCS patients with OT compared to

UCS patients without OT"".

(A)  Superior oblique muscle and trochlea

- Trochlea

Superior ——=_

> >
oblique N /

y
IS, ’
U
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(B) Elevation of the eye in adduction (C) V pattern strabismus (D)  Excyclotorsion

excyclotorsion

L

Figure 2: (A) Showing the superior oblique muscle and trochlea. If the position of the trochlea is abnormal or if the superior
oblique muscle is absent this leads to an excyclotorsion syndrome.Excyclotorsion syndrome causes (B) elevation in adduction
(elevation of the eye when looking towards the nose), (C) V pattern strabismus (outward squint when looking upwards,
together with an inward squint when looking downwards) and (D) excyclotorsion (outward rotation of the eye). (Adjusted
from Saint Luke’s3* 2023, Athens eye hospital?>3% 2023, Pencic et al.3’ 2022)
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Determining the prevalence of OT and its associated ophthalmic features in a large population-
based cohort of UCS patients is vital. This information is necessary for plastic surgeons to
make appropriate referrals for treating torticollis in UCS patients, whether to an orthoptist or
physiotherapist. For orthoptists, knowing its associated ophthalmic features allows the

development of effective treatment plans for these patients.
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Aim

The primary aim of this study is to determine the prevalence of OT in a large population-based
cohort of patients diagnosed with UCS. Second, this study aims to investigate the association
between the presence of OT and BSV, strabismus, ocular motility, the presence of

cyclotorsion, amblyopia, and refractive error among these patients.
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Methods

Study design

In this retrospective descriptive population-based cross-sectional study, the medical records
of patients with UCS treated between 1994 and 2022 at a tertiary-care hospital (Erasmus MC,
Rotterdam, the Netherlands) were reviewed. This is the designated center in the Netherlands
for craniofacial surgery, so all patients with craniofacial disorders are referred here. Therefore,
the sample of patients is representative of the population of interest. Clinical data from 1994
onwards were electronically available and thus traceable. Children diagnosed with UCS
typically undergo surgery to correct for the suture closure between 6-9 months of age.
Afterward, ophthalmologic screening for the presence of papilledema is a part of the
multidisciplinary craniofacial assessment in these patients until 18 years of age (Figure 3). The
current treatment guideline® used in the Netherlands indicates referral to the orthoptist if

considered necessary by the plastic surgeon.

Age ~—® Surgery: between ages 3-6 months: remove skull
suture and helm therapy or at ages 6-9 months: fronto-

o orbital advancement (open correction of forehead and
1 upper edge of orbits)
2 —
3 e Annual control age 1-6 years
% —

Skull
5 — 81' measurement
6 )

ABC Ophthalmic (screening papilledema)

7 123 examination
8

3D photo at
9 2 2 and 6 years
10

Surgery of eye
n @ muscleson
12 ] indication
13

~—=® Control at 7.5, 9, 12, 18 years
14
15 Skull ABC Ophthalmic
o measurement 12% examination
(screening

17 3D photo at 12 papilledema)
18 ku ?) and 16 years
19
20

Figure 3 Flowchart of follow-up routine in UCS patients at the Erasmus MC, Rotterdam, the Netherlands

Participants

With the help of the Department of Research Suite at the Erasmus MC, patients diagnosed
with UCS between 1994 and 2022 were identified. Patients diagnosed with non-syndromal
UCS, confirmed through CT-scans assessed by a radiologist, medical examinations, and
confirmed by genetic testing were considered eligible. Patients were included if surgical,
ophthalmologic, or orthoptic assessments were available. Patients with a history of strabismus

surgery elsewhere were excluded from the study, as this could potentially affect or resolve an
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observed torticollis in these patients. Patients were categorized into two groups to compare
their ophthalmic features in relation to OT: UCS patients with OT and those without. Patients

with non-ocular torticollis were included in the group without torticollis.

Variables

To avoid observer bias, the researcher (ET) followed a standardized protocol while extracting
data from medical records. The collected information for each patient included their sex, side
of synostosis, type, age at craniofacial surgery, and age at the initial visit. Clinical data from
the initial ophthalmologic and/or orthoptic visit were collected, which included the following: 1)
presence or absence of observed torticollis and its type, 2) BSV, 3) presence of strabismus, 4)
ocular motility, 5) presence or absence of cyclotorsion, 6) refractive error, and 7) presence or
history of amblyopia. All clinical data, except for cyclotorsion, were obtained from the initial
visit. If cyclotorsion was not determined during the initial visit, the first determination prior to

strabismus surgery was considered. Incomplete examinations were included as missing data.

Orthoptic measurements
The variables were determined based on the orthoptic measurements as described below:

1) The presence of torticollis was collected by reviewing the records of the orthoptist and
ophthalmologist for the description of observed torticollis (yes/no). Also, the records of
the Department of Plastic Surgery were scanned for descriptions of torticollis. The type
of torticollis was defined as a face turn, chin elevation, chin depression, head-tilt or, a
combination of the aforementioned (Figure 4). Patients were considered to have OT

based on their ophthalmic and/or orthoptic diagnosis.

8 v < )

Figure 4 Shows the types of torticollis. (a) Face turn to the right: the head is rotated to the right side of the primary
gaze in the vertical axis. (b) Chin elevation: the chin is elevated relative to the primary position in the horizontal axis.
(c) Chin depression: the chin is depressed relative to the primary position in the horizontal axis. (d) Head-tilt to the
right shoulder: the head is tilted to the right shoulder in the anteroposterior axis (Adjusted from Kraft39, 2016).

2) The BSV was determined by measuring stereopsis, which is a sensitive measure of
binocular vision*®?. Stereopsis was assessed the following stereotests: Bagolini
Straited Glasses (positive or negative outcome). Or the Lang, Titmus housefly, and/or
TNO tests (outcomes measured in arcseconds). Outcomes were categorized as ‘not
present’ if Bagolini was negative, ‘poor’ if Bagolini was positive and Titmus housefly

10
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measured 3.772 arcseconds, ‘moderate’ if Titmus circles 200-40 arcseconds were
recognized, and ‘good’ if all figures of the Lang Test (200 arcseconds) or TNO plate V
(480-240 arcseconds), VI or VII (120-15 arcseconds) were positive®?.

3) The angle of strabismus (horizontal- and vertical or combined deviations) was
measured using the prism cover test at near (30cm) in prism degrees. Outcomes were
categorized as esotropia, exotropia, esotropia and vertical deviation, exotropia and
vertical deviation, vertical deviation alone, or not present.

4) Ocular motility was assessed by observing the eye movements while the patient
followed a moving penlight from the primary position to each gaze position®. Motility
abnormalities were described as elevation or depression in adduction of one or both
eyes, if present. The presence of an alphabetical pattern, defined as a V- or A-
strabismus pattern or not present, was also noted during the assessment of ocular
motility.

5) Cyclotorsion was measured using the Maddox Double Rod test or assessed
anatomically by the ophthalmologist during fundus examination. Outcomes were
defined as incyclotorsion, excyclotorsion, or not present.

6) Refractive errors were obtained by retinoscopy in cycloplegia. Outcomes were defined
as hypermetropia (=+1.0D), high hypermetropia (=+5.0D), myopia (=-1.0D), high
myopia (=-5.0D), astigmatism (=-1.0D), anisometropia (=1.0D).

7) The presence of amblyopia was defined as visual acuity (VA) difference of
=20.2LogMAR between both eyes and was categorized as present or not present. VA
was measured using the Lea Hyvarine Chart or numbers/letters on the projector,

expressed in LogMAR.

Study size

The Department of Research Suite identified a total of 277 patients diagnosed with UCS.
Based on this population size, a sample size of 2159 patients are needed to determine the
prevalence of torticollis with a confidence level of 95% with a margin of error of 5 with a
population proportion of 50%. Since the prevalence of OT in UCS patients is unknown, it is
recommended in the literature to assume a 50% proportion when calculating the required

sample size***°.

Statistical methods

Descriptive statistics were analyzed using SPSS V.26 (IBM Corps). The prevalence of
torticollis in patients with UCS was computed using a binominal test dividing the total number
of patients that had OT by the total number of patients in the cohort. The 95% CI was

determined using Clopper-Pearson exact test. To characterize the ophthalmic features of UCS

11
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patients with and without OT, descriptive statistics were conducted. Age was considered a
quantitative continuous variable; results were presented as means with a standard deviation.
The independent samples T-test was used to compare means between groups. Levene’s Test
was used to test for homogeneity of variance. The results of each qualitative variable were
presented by frequency (n, %). All ophthalmic features were categorical variables, so
associations between OT and the features were investigated using either Chi-square or
Fisher's exact test. If the expected frequency in each cell of the contingency table was =5, a
chi-square test was used to verify the association. If the expected frequency in each cell was
<5 in >20% of cells, a Fisher's exact test was used. Also, Cramer’s V test was performed to
calculate the effect size for both the chi-square and Fisher’'s exact test: a value closer to 1
indicates a greater effect size. Depending on the degrees of freedom, the effect size was rated
as small, moderate, or strong*. Significant associations underwent further analysis to identify
key contributing features to torticollis using a logistic regression model for variables with a

binary outcome. In all analyses, p<0.05 was considered statistically significant.

Reporting and ethical issues

The Strengthening the Reporting of Observational Studies in Epidemiology Statement
(STROBE) for cross-sectional studies was used as transparency reporting guideline. The study
was conducted in accordance with the principles of the Declaration of Helsinki (2013). Since it
was part of a larger observational longitudinal study approved by the Erasmus MC's ethical
board (MEC-2022-0367), this study was not subject to the Medical Research Involving Human
Subjects Act (WMO).

12
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Results
Participants

Ocular torticollis in unicoronal craniosynostosis

A total of 277 children diagnosed with UCS were treated at the Erasmus MC; 146 met the

inclusion criteria. Most patients (n=114) were excluded due to missing orthoptic assessments,

due to multi-suture or other craniofacial disorders (n=13), due to an unconfirmed diagnosis of

UCS (n=2), due to the presence of Graves’ Orbitopathy which could influence the ocular

motility (n=1) or due to a history of strabismus surgery (n=1) (Figure 5).

Patients diagnosed with UCS
n=277

Excluded: n =131

Included patients
n=146

Figure 5: Flowchart of included patients and reasons for exclusion

ﬂeasons for exclusion:

Missing ophthalmic or orthopic
assessment:

n=114

Any multi-suture or other craniofacial
disorders:

n=13

Unconfirmed diagnosis of UCS:
n=2

Other systemic diseases influencing
ocular motility:

n=1

First ophthalmic and orthoptic
assessment after multiple strabismus
surgeries:

/

Of the included patients 96 (65.8%) were female. The right coronal suture was closed in 85

(58.2%) patients. The mean age at the initial visit was 2.72 years (SD 3.6, range 0-27 years).

No significant differences were observed in patients’ characteristics between patients with and

without torticollis (Table 1).

13
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Ocular torticollis in unicoronal craniosynostosis

Table 1: Patient characteristics of included UCS patients (n=146)

Patient characteristics Total Torticollis No torticollis p-value
n=146 n=57 n=89
Sex (n, %) 0.853
Female 96 (65.8) 38 (66.7) 58 (65.2)
Male 50 (44.2) 19 (33.3) 31 (34.8)
Synostotic coronal suture (n, %) 0.428
Right 85 (58.2) 31 (54.4) 54 (60.7)
Left 58 (39.7) 25 (43.9) 33 (37.1)
Unknown 3(2.1) 1(1.8) 2(2.2)
Age at initial visit (years, mean (SD)) 2.72 (SD 3.6) 2.3(SD 2.5) 3.0 (SD 4.1) 0.256
[95%CI -0.51; 1.91]
Craniofacial surgery (n, %) 0.201
Fronto-orbital advancement rim 135 (92.5) 52 (91.3) 83 (93.3)
Right and left orbit 5(3.7) 2(3.8) 3(3.6)
Right orbit 77 (57) 28 (53.8) 49 (59)
Left orbit 50 (37) 21 (40.5) 29 (34.9)
Unknown 3(2.3) 1(1.9) 2(2.5)
Strip craniotomy 1(0.7) 0 1(1.1)
No surgery 5(3.4) 4 (7) 1(1.1)
Unknown 5(3.4) 1(1.7) 4 (4.5)

Mean age at craniofacial surgery (months, mean (SD))

11.58 (SD 7.3)

10.49 (SD 3.0)

12.26 (SD 8.8)

0.087
[95%Cl -0.78; 4.32]

14
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Main results

Primary outcome: the prevalence of torticollis

Of the 146 patients identified with UCS, 57 patients had torticollis. Of the 57 patients identified
with torticollis, 94.7% (n=54) were ocular-related. The prevalence of OT in patients with UCS
was found to be 37% (95% CI [0.292 — 0.454]). Mean age of consultation at which torticollis

was identified was 2.8 years (SD 2.6, range 9 months-12 years).

The most common diagnosis for OT was strabismus (93%, n=53), of which 88.7% were
incomitant (Table 2). The majority showed a pseudo-superior oblique palsy (59.6%), followed
by pseudo-inferior oblique palsy (12.3%), accommodative esotropia (5.3%), and infantile
esotropia combined with pseudo-superior oblique palsy (5.3%). The type of torticollis was
specified in 56 patients: a head tilt was presentin 47.4%, a face turn in 28.1%, or a combination

in 22.8% (Table 3). Torticollis with only a chin elevation or depression was not present.

Table 2: Diagnosis in patients with torticollis (n=57)

Diagnosis of torticollis n=57

[n, %]
Incomitant strabismus 47 (88.7)
Pseudo-superior oblique palsy 34 (59.6)
Pseudo-inferior oblique palsy 7 (12.3)

Infantile esotropia and pseudo-superior oblique palsy 3(5.3)

Fourth nerve palsy 1(1.8)

Intermittent exotropia and pseudo-inferior oblique palsy 1(1.8)

Infantile exotropia and pseudo-superior oblique palsy 1(1.8)
Concomitant strabismus 6 (10.5)

Accommodative esotropia 3(5.3)

Intermittent exotropia 2 (3.5)

Micro esotropia 1(1.8)

Other 1(1.7)

Congenital nystagmus 1(1.8)

Non-ocular 3(5.3)

15
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Table 3: Described type of torticollis (n=57)

Type torticollis n=57
n, %]
Face turn 16 (28.1)
Right 4(7.1%)
Left 12 (21.4%)
Head tilt 27 (47.4)
Right 16 (28.6%)
Left 11 (19.6%)
Combination 13 (22.8)
Turn, chin, tilt 4 (7.1%)
Turn, chin 3(5.4%)
Chin, tilt 2 (3.6%)
Tilt, turn 4(7.1%)
Unspecified 1(1.7)

Ocular torticollis in unicoronal craniosynostosis

16
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Secondary outcomes: The ophthalmic-related features associated with OT

Collected ophthalmic-related features and their frequencies are shown in Table 4, which
features are described in detail below. Table 5 compares the occurrence of these features in
UCS patients with or without OT, their association with the presence of OT, and the effect size
(V).

17
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Table 4: Distribution of the ophthalmic related features in the total group, patients with ocular torticollis and patients
without (ocular) torticollis.

Ophthalmic features Total Ocular torticollis No (ocular) torticollis
[n, %] [n, %] [n, %]
Binocular single vision n=62 n=19 n=43
Good 29 (46.8) 3(15.8) 26 (60.5)
Moderate 10 (16.1) 3(15.8) 7 (16.3)
Poor 11 (17.7) 8 (42.1) 3(7)
Not present 12 (19.4) 5(26.3) 7 (16.3)
Strabismus n=145 n=53 n=92
Esotropia 11 (7.6) 4 (7.5) 7 (7.6)
Exotropia 8 (5.5) 2 (3.8) 6 (6.5)
ET + vertical 19 (13.1) 10 (18.9) 9 (9.8)
XT + vertical 14 (9.7) 11 (20.8) 3(3.3)
Vertical alone 17 (11.7) 13 (24.5) 4 (4.3)
Not present 76 (53.8) 13 (24.5) 63 (68.5)
Ocular motility n=143 n=>53 n=90
Elevation in adduction RE 26 (18.2) 15 (28.3) 11 (12.2)
Elevation in adduction LE 20 (14) 12 (22.6) 8 (8.9)
Elevation in adduction RLE 23 (16.1) 14 (26.4) 9 (10)
Depression in adduction RE 6 (4.2) 5(9.4) 1(11.1)
Depression in adduction LE 5(3.5) 2(3.8) 3(3.3)
Depression in adduction RLE 2(1.4) 2 (3.8) 0
Not present 61 (42.7) 3(5.7) 58 (64.4)
Alphabetical pattern n=143 n=>53 n=90
V-pattern 46 (32.2) 29 (54.7) 17 (18.9)
A-pattern 12 (8.4) 7 (13.2) 5 (5.6)
Not present 85 (59.4) 17 (32.1) 67 (75.6)
Cyclotorsion n=53 n=30 n=23
Excyclotorsion 33 (62.3) 22 (73.3) 11 (47.8)
Incyclotorsion 4 (7.5) 1(3.3) 3(13)
Not present 16 (30.2) 7 (23.3) 9 (39.1)
Refractive error* n=125 n=45 n=380
Hypermetropia 112 (89.6) 41 (89.1) 71 (89.9)
High hypermetropia 6 (4.8) 2 (4.4) 4 (5)
Myopia 2 (1.6) 1(2.2) 1(1.3)
High myopia 0 0 0
Astigmatism 55 (44) 20 (43.5) 35 (44.3)
Anisometropia 33 (22.6) 12 (26.7) 21 (26.3)
Amblyopia n =146 n =54 n =92
Present 64 (43.8) 33 (61.1) 31(33.7)
Absent 82 (56.2) 21 (38.9) 61 (66.3)

Abbreviations: ET+vertical: esotropia combined with a vertical deviation, XT+vertical: exotropia combined with a vertical
deviation, RE: right eye, LE: left eye

*The cumulative percentage exceeds 100% since refractive error can occur combined: spherical (hypermetropia/myopia) and/or
astigmatism and/or the presence of an anisometropia
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Table 5: Associations between the presence of the investigated ophthalmic features and the presence of a
torticollis in UCS patients.

Ophthalmic features Ocular torticollis No (ocular) torticollis
[n, %] [n, %] p-value Cramers’ V
Binocular single vision n=19 n=43 0.277 0.117
Present 14 (73.7) 36 (83.7)
Absent 5(26.3) 7(16.3)
Strabismus n=53 n=92 <0.001 0.406
Present 39 (73.6) 29 (31.2)
Absent 14 (26.4) 63 (68.8)
Ocular motility abnormalities n=>53 n=90 <0.001 0.574
Present 50 (94.3) 32 (35.6)
Absent 3(5.7) 58 (64.4)
Alphabetical pattern n=>53 n=90 <0.001 0.428
Present 36 (67.3) 22 (24.4)
Absent 17 (32.7) 68 (75.6)
Refractive error* n=45 n =380
Hypermetropia 43 (95.6) 75 (93.8) 1.0 -
Myopia 1(2.2) 1(1.2) 1.0 -
Astigmatism 20 (44.4) 35 (38.9) 1.0 -
Anisometropia 12 (26.7) 21 (26.2) 1.0 -
Amblyopia n=>54 n=92 0.002 0.267
Present 33 (61.1) 31(33.7)
Absent 21 (38.9) 61 (66.3)

* The cumulative percentage exceeds 100% since refractive error can occur combined: spherical (hypermetropia/myopia) and/or
astigmatism and/or the presence of an anisometropia. In this analysis ‘hypermetropia’ is cumulative of both the patients with
‘hypermetropia’ and ‘high hypermetropia’, and ‘myopia’ is cumulative of both the patients with ‘myopia’ and ‘high myopia’.

Binocular single vision

BSV was determined in 19 out of 54 patients with OT and in 43 out of 92 patients without
(ocular) torticollis. In the OT-group, BSV was present in 73.7% of patients compared to 83.7%
of patients in the non-torticollis (NT) group. There was no significant association between BSV
and OT presence (p=0.277) (Table 5). In the OT-group, BSV was relatively poor (n=8, 42.1%)
and more frequently absent (n=5, 26.3%) compared to the NT-group (n=3, 7% and n=7, 16.3%,
respectively) (Table 4).

Strabismus

In 53 patients with OT and 92 patients without (ocular) torticollis, the presence of strabismus
was assessed. In the OT-group, strabismus was observed in 73.6% of patients, compared to
31.2% in the NT-group. The association between strabismus and OT was moderate (V=0.406)
and statistically significant (x2(1, N=145)=23.891, p<0.001) (Table 5). In the OT group, a
vertical deviation alone was predominantly present (24.5%), followed by a combination of

exotropia and vertical deviation (20.8%), and a combination of esotropia and vertical deviation
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(18.9%). These frequencies were higher compared to the non-OT group (4.3%, 3.3%, and
9.8% respectively) (Table 4).

Ocular motility

Ocular motility was assessed in 53 patients with OT and 90 patients without (ocular) torticollis.
A strong association (V=0.574) was found between abnormalities in ocular motility and OT
(x2(1, N=143)=47.123, p<0.001) (Table 5). Elevation in adduction in one or both eyes was the
most frequently observed abnormality in both groups: one eye in 55.3% (n=27) in the OT-group
and 21.1% (n=19) in the NT-group, and both eyes in 26.4% (n=14) in the OT-group and 10%
(n=9) in the NT-group. In 55% of patients, the elevation in adduction was on the side of the

fused suture.

Alphabetical pattern

A significant association was found between alphabetical patterns and OT (x2(1, n=143)
=26.157, p<0.01) with a moderate effect size (V=0.428) (Table 5). In the OT-group (n=53),
54.7% of patients showed a V-pattern and 13.2% of patients showed an A-pattern. In contrast,
in the NT-group (n=90), 18.9% of patients showed a V-pattern and 5.6% of patients an A-
pattern (Table 4).

Cyclotorsion

In total, the cyclotorsion was determined in 53 patients: 30 patients with OT, and 23 patients
without (ocular) torticollis. An ophthalmologist anatomically determined cyclotorsion in most
cases (52.8%, n=28). In the OT-group, excyclotorsion was observed in the majority of
patients (73.3%,), while only 1 patient (3.3%) showed incyclotorsion. In the NT-group,
excyclotorsion was also most common (47.8%), with only 3 patients (13%) showing
incyclotorsion (Table 4). Since the cyclotorsion in the NT-group was only determined when
abnormalities of the motility were observed or prior to strabismus surgery, no valid

comparisons could be made between the two groups and no association could be assessed.

Association between the presence of strabismus, ocular motility abnormalities and
alphabetical patterns

When determining the associations for both groups together (n=146), significant associations
were found between the presence of strabismus and ocular motility abnormalities (x2(1,
n=142)=33.157, p<0.01), strabismus and alphabetical patterns (x2(1, n=142)=24.521,
p<0.01), as well as between ocular motility abnormalities and alphabetical patterns (x2(1,
n=143)=56.051, p<0.01) (Table 6). So, a logistic regression model could not be conducted

due to multicollinearity.
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Table 6: Significant associations between predictor variables for the total group of patients included in the study (n=146)
were found, indicating multicollinearity. Therefore, determining the individual effects of each variable is impossible in a

logistic regression model.

Presence of strabismus

[p-value, Cramers’ V]

Ocular motility abnormalities

[p-value, Cramers’ V]

Alphabetical patterns

[p-value, Cramers’ V]

Presence of strabismus <0.01 <0.01
0.483 0.416
Ocular motility abnormalities <0.01 <0.01
0.483 0.626
Alphabetical patterns <0.01 <0.01
0.416 0.626

Refractive error

The refractive error was obtained in 125 patients: 45 patients with OT and 80 patients without

(ocular) torticollis. In both the OT-group and NT-group, hypermetropia was most prevalent
(89.1% and 89.9, respectively), followed by astigmatism (43.5% and 44.3%, respectively)

and anisometropia (26.7% and 26.3%, respectively) (Table 4). No significant associations

were present between any type of refractive error and OT (p=1.0) (Table 5).

Amblyopia

Amblyopia was present in 33 (61.1%) patients with OT and 31 (33.7%) patients without
(ocular) torticollis (Table 4). A significant association was found between OT and the

presence of amblyopia (x2(1, n=146) = 10.38, p=0.002), although its effect size was small

(V=0.267) (Table 5).
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Discussion

This study presents the largest cohort of UCS patients compared to the current literature to
determine the prevalence of OT and its associated ophthalmic features. In 95% of cases,
torticollis in UCS patients is ocular-related. Overall, one-in-three patients with UCS have OT.
A significant association was found between the presence of OT and strabismus, ocular motility
abnormalities, alphabetical patterns, and amblyopia. UCS patients with OT had a relatively
poorer BSV compared to those without torticollis. An excyclotorsion of one or both eyes was
present in half of the patients. The findings of this study imply that in patients with UCS,

torticollis is highly associated with an underlying ocular cause.

Strabismus is the leading cause of OT (80%) in the general population, with incomitant

)47—

strabismus as the most frequent form (80%)*~°. Nystagmus is found as the second leading

cause'847-

*1 followed by infantile esotropia*’“°. The present study, only including patients with
UCS, yielded similar results: strabismus accounted for the majority (82%) of OT cases, with
incomitant strabismus (88.7%) being the most prevalent identifiable cause. Only one patient
(1.8%) had OT caused by congenital nystagmus. Earlier studies have reported a prevalence
of strabismus in UCS patients ranging from 40-70%2>?". An incomitant type of strabismus?®>?
was more frequently observed than a concomitant type of strabismus?’*3, In the present study,
a similar occurrence of strabismus was found (47.2%), mostly incomitant. However, within the
study groups, the prevalence of strabismus was higher in the OT-group (73.3%) and lower in
the NT-group (31.2%). The present study's findings indicate that similarly to the general

population, (incomitant) strabismus is the primary cause of OT in patients with UCS.

A reason for adopting OT in (incomitant) strabismus is to achieve BSV, by adjusting their head
posture in the gaze direction where the angle of strabismus is least pronounced'’~*
Surprisingly, no significant association was found between BSV and OT in patients with UCS
in this study. Hence, a strong correlation was observed between OT and ocular motility
abnormalities, and a moderate association regarding alphabetical patterns. The observed
ocular motility abnormalities and alphabetical patterns are consistent with previous studies.
Touzé et al."3' demonstrated similar findings in UCS patients: an elevation in adduction was
present in 65% (n=13) of patients and a V-pattern strabismus was present in 45% (n=9) of
patients. Maclntosh et al.*® demonstrated an elevation in adduction in half of their included
UCS patients. These findings suggest that UCS patients adopt OT in order to overcome ocular
motility abnormalities and/or alphabetical patterns in (incomitant) strabismus, and not solely
for obtaining BSV.
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Ocular manifestations like strabismus, ocular motility abnormalities, cyclotorsion, and
amblyopia in UCS are believed to result from various mechanical processes. UCS patients
typically exhibit structural differences, including a taller, narrower, and smaller ipsilateral orbit
compared to the vertically shorter, wider, and larger contralateral orbit>**°. This anatomical
variation leads to a shorter and weaker ipsilateral superior oblique muscle®. Furthermore,
displacement or absence of the superior oblique muscle has been observed®®. These factors
create an imbalance between the inferior- and superior oblique muscle, resulting in a pseudo-
superior oblique palsy. Consequently, the inferior oblique muscle overcompensates
excessively, leading to vertical manifest strabismus ipsilateral to the side of the synostosis,

28,57 and

elevation in adduction, the presence of a V-pattern, excyclotorsion of the eye
amblyopia®®*®°. The present study confirms these ophthalmic features in UCS patients and
indicates their heightened severity in those with OT. Although a direct association between the
presence of OT and cyclotorsion could not be established, excyclotorsion was most commonly
observed in both groups. An alternative reason for these more severe abnormal manifestations
in UCS patients with OT could be the relatively poorer and more frequent absence of BSV.
Previous research supports this hypothesis, demonstrating a strong correlation between the
absence of BSV and the occurrence of elevation adduction, V pattern, and excyclotorsion, all
of which increased when BSV was absent®.

Torticollis in patients with UCS is predominantly ocular-related, as demonstrated by the
findings of this study, which is important knowledge for plastic surgeons treating these patients.
It highlights the importance of timely referral of all UCS patients with torticollis to an orthoptist
for screening before considering physiotherapy. Orthoptists are experts in diagnosing OT and
identifying the associated ophthalmic features found in these patients, being strabismus, ocular
motility abnormalities, alphabetical patterns, amblyopia, and relatively poorer BSV. Orthoptists
can effectively treat OT by using glasses or performing strabismus surgery®’. Timely treatment
of OT can prevent complications associated with permanent torticollis including neck pain,

headache, muscular and soft tissue changes, facial asymmetry, and scoliosis'®"6":62,

The current study’s strength is its substantial sample size of 146 patients, exceeding previous
studies on ophthalmic features in UCS patients ranging from 15 to a maximum of 59 included
patients2631%_ Furthermore, this study is the first to differentiate between the presence of
these features in cases with OT and those without (ocular) torticollis. However, a limitation of
this retrospective study is the absence of protocolized examinations, potentially introducing
information bias. The data used in this study was obtained from routine ophthalmic and
orthoptic care, lacking protocolized assessments. In routine care, the presence of manifest

strabismus often leads to the assumption of absent BSV resulting in a limited number of
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patients with BSV measurements. Similarly, determining cyclotorsion in patients without
torticollis was lacking, as it was primarily assessed in patients preparing for strabismus surgery.
Therefore, no valid association between OT and cyclotorsion could be established. We
assume that if cyclotorsion was determined in all UCS patients without torticollis, an
association between the presence of OT and cyclotorsion would be found. Future studies
should consider larger prospective multicenter studies, also including other forms of synostosis
creating asymmetry of the skull, with standardized ophthalmological and orthoptic

assessments, as well as long-term follow-up evaluations.

Conclusion and recommendations

Torticollis in patients with UCS is predominantly ocular-related. Overall, one-in-three patients
with UCS have OT. This makes it essential for plastic surgeons to refer all UCS patients with
torticollis to an orthoptist, who possesses the expertise to diagnose and treat OT and its
related ophthalmic features. The study's findings suggest a need to reconsider current
guidelines for ophthalmic care in UCS patients, placing emphasis on referring all UCS

patients with torticollis to an orthoptist for screening before considering physiotherapy.

24



10.

11.

12.

13.

14.

15.

16.

17.

18.

Tan ETC Ocular torticollis in unicoronal craniosynostosis
Status: definitive, date 23-06-2023

References

Proctor MR, Meara JG. A review of the management of single-suture craniosynostosis, past,
present, and future: JNSPG 75th Anniversary Invited Review Article. J Neurosurg Pediatr
2019; 24: 622-631.

Boulet SL, Rasmussen SA, Honein MA. A population-based study of craniosynostosis in
metropolitan Atlanta, 1989-2003. Am J Med Genet A 2008; 146A: 984—991.

Neusel C, Class D, Eckert AW, Firsching R, Goble P, Gotz D, et al. Multicentre approach to
epidemiological aspects of craniosynostosis in Germany. Br J Oral Maxillofac Surg 2018; 56:
881-886.

Collett BR, Aylward EH, Berg J, Davidoff C, Norden J, Cunningham M et al. Brain volume and
shape in infants with deformational plagiocephaly. Childs Nerv Syst 2012; 28: 1083—1090.
Kalantar-Hormozi H, Abbaszadeh-Kasbi A, Sharifi G, Davai N, Kalantar-Hormozi A. Incidence
of Familial Craniosynostosis Among Patients With Nonsyndromic Craniosynostosis. J
Craniofac Surg 2019; 30: 514-517.

Ciurea AV, Toader C. Genetics of craniosynostosis: review of the literature. J Med Life 2009;
2:5.

Bruneteau R, Mulliken J. Frontal Plagiocephaly: Synostotic, Compensational, or
Deformational. Plast Reconstr Surg 1992; 89: 21-31.

Balaji SM. Unicoronal Craniosynostosis and Plagiocephaly Correction with Fronto-orbital
Bone Remodeling and Advancement. Ann Maxillofac Surg 2017; 7: 108-111.

van Vlimmeren LA, Helders PJM, van Adrichem LNA, Engelbert R. Torticollis and
plagiocephaly in infancy: therapeutic strategies. Pediatr Rehabil 2006; 9: 40—46.

Nucci P, Kushner BJ, Serafino M, Orzalesi N. A multi-disciplinary study of the ocular,
orthopedic, and neurologic causes of abnormal head postures in children. Am J Ophthalmol
2005; 140: 65.1-65.6.

Touzé R, Paternoster G, Arnaud E, Khonsari R, James S, Bremond-Gignac D et al.
Ophthalmological findings in children with unicoronal craniosynostosis.
https://doi.org/101177/11206721221077548. Epub ahead of print 4 February 2022. DOI:
10.1177/11206721221077548.

Stellwagen L, Hubbard E, Chambers C, Jones K. Torticollis, facial asymmetry and
plagiocephaly in normal newborns. Arch Dis Child 2008; 93: 827—-831.

The Mount Sinai Hospital C clinic. Cranial Disorders and Head Shape. [Internet], 2023 [cited
2023 May 12]. Available from:
https://www.mountsinai.org/files/MSHealth/Assets/HS/Care/Neurosurgery/Pediatric%20Ne
urosurgery/MSHS-Neurosurgery-Pediatric-Craniosynostosis-Coronal-2col-770x420-1.jpg
Chieffo DPR, Arcangeli V, Bianchi F, Salerni A, Massimi L, Frassanito P et al. Single-suture
craniosynostosis: is there a correlation between preoperative ophthalmological,
neuroradiological, and neurocognitive findings? Child’s Nervous System 2020; 36: 1481
1488.

Raco A, Raimondi AJ, De Ponte FS, Brunelli A, Bristot R, Bottini D et al. Congenital torticollis
in association with craniosynostosis. Childs Nerv Syst 1999; 15: 163-168.

Turan KE, Sekeroglu HT, Kog i, Vural E, Karakaya J, Sener E et al. Ocular Causes of Abnormal
Head Position: Strabismus Clinic Data. Turk J Ophthalmol 2017; 47: 211-215.

Nucci P, Curiel B. Abnormal Head Posture due to Ocular Problems- A Review. Curr Pediatr
Rev 2009; 5: 105-111.

Rubin SE, Wagner RS. Ocular torticollis. Surv Ophthalmol 1986; 30: 366—-376.

25



19.

20.

21.

22.

23,

24,
25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Tan ETC Ocular torticollis in unicoronal craniosynostosis
Status: definitive, date 23-06-2023

Stevens P, Downey C, Boyd V, Cole P, Stal S, Edmond J et al. Deformational plagiocephaly
associated with ocular torticollis: a clinical study and literature review. J Craniofac Surg 2007,
18: 399-405.

Williams CRP, O’Flynn E, Clarke NMP, Morris R. Torticollis secondary to ocular pathology. J
Bone Joint Surg Br 1996; 78: 620—-624.

Hofsli M, Vinding T, Sandfeld L, Buch Hesgaard H. Ocular torticollis is a diagnostic and
surgical challenge. Ugeskr Laeger 2013; 181: 23.

Tay T, Martin F, Rowe N, Johnson K, Poole M, Tan K et al. Prevalence and causes of visual
impairment in craniosynostotic syndromes. Clin Exp Ophthalmol 2006; 34: 434-440.

Khan SH, Nischal KK, Dean F, Hayward R, Walker J. Visual outcomes and amblyogenic risk
factors in craniosynostotic syndromes: a review of 141 cases. Br J Ophthalmol 2003; 87: 999—
1003.

Nischal KK. Ocular aspects of craniofacial disorders. Am Orthopt J 2002; 52: 58—68.
Rostamzad P, Arslan ZF, Mathijssen IMJ, Koudstaal M, Pleumeekers M, Versnel S et al.
Prevalence of Ocular Anomalies in Craniosynostosis: A Systematic Review and Meta-Analysis.
J Clin Med; 11. Epub ahead of print 1 February 2022. DOI: 10.3390/JCM11041060.

Maclntosh C, Wall S, Leach C. Strabismus in unicoronal synostosis: ipsilateral or
contralateral? J Craniofac Surg 2007; 18: 465-469.

Ntoula E, Nowinski D, Holmstrom G, Larsson E. Ophthalmological findings in children with
non-syndromic craniosynostosis: preoperatively and postoperatively up to 12 months after
surgery. BMJ Open Ophthalmol; 6. Epub ahead of print 26 April 2021. DOI:
10.1136/BMJOPHTH-2020-000677.

Tan KP, Sargent MA, Poskitt KJ, Lyons S. Ocular overelevation in adduction in
craniosynostosis: is it the result of excyclorotation of the extraocular muscles? J AAPOS
2005; 9: 550-557.

Hashemi H, Pakzad R, Heydarian S, Yekta A, Aghamirsalim M, Shokrollahzadeh F et al. Global
and regional prevalence of strabismus: a comprehensive systematic review and meta-
analysis. Strabismus 2019; 27: 54-65.

Ansons AM, Davis H. Diagnosis and Management of Ocular Motility Disorders. 4th ed.
Oxford, UK: Wiley Blacwell; 2014.

Touzé R, Bremond-Gignac D, Robert MP. Ophthalmological management in craniosynostosis.
Neurochirurgie 2019; 65: 310-317.

Gusek-Schneider GC, Kastle N, Reil F, Schiirhoff S, Engelhorn T. Isolated Unilateral Strabismus
Sursoadductorius (Congenital Trochlear Palsy) with and without Hypotrophia of the Superior
Oblique Muscle-Orthoptic Differences in Adulthood. Klin Monbl Augenheilkd 2018; 235:
1122-1128.

Voith-Sturm V, Rezar-Dreindl S, Neumayer T, Schmidt-Erfurth U, Stifter E. Pre- and
postsurgical measurements in patients with strabismus sursoadductorius a retrospective
study. Eur J Ophthalmol. Epub ahead of print 16 February 2023. DOI:
10.1177/11206721231156985/ASSET/IMAGES/LARGE/10.1177_11206721231156985-
FIG4.JPEG.

Saint Luke’s Health System Kansas City. Acquired Brown Syndrome (Superior Oblique Tendon
Sheath Syndrome). [Internet], 2023 [cited 2023 June 15]. Available from:
https://api.kramesstaywell.com/Content/6066ca30-310a-4170-b001-
a4ab013d61fd/medical-illustrations/Images/90260 1.

Athens Eye Hospital. A and V phenomena. [Internet], 2023 [cited 2023 June 15]. Available
from: https.//www.athenseyehospital.gr/en/a-childs-eyes/special-forms-of-strabismus/.

26



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.
48.

49.

50.

51.

52.

53.

54,

55.

56.

Tan ETC Ocular torticollis in unicoronal craniosynostosis
Status: definitive, date 23-06-2023

Athens Eye Hospital. Hyperfunction of the inferior oblique muscle. [Internet], 2023 [cited
2023 June 15]. Available from: https://www.athenseyehospital.gr/en/a-childs-eyes/special-
forms-of-strabismus/hyperfunction-of-the-inferior-oblique-muscle-p209.html.

Penci¢ M, Cavi¢ M, Oros D, Vrigocié¢ P, Babkovié K, Orosnjak M, et al. Anthropomorphic
Robotic Eyes: Structural Design and Non-Verbal Communication Effectiveness. Sensors 2022,
Vol 22, Page 3060 2022; 22: 3060.

Mathijssen IMJ. Guideline for Care of Patients With the Diagnoses of Craniosynostosis:
Working Group on Craniosynostosis. J Craniofac Surg 2015; 26: 1735.

Kraft SP. Abnormal head postures: causes and managment. https.//entokey.com/abnormal-
head-postures-causes-and-management/.

Yamada T, Scheiman M, Mitchell GL. A comparison of stereopsis testing between red/green
targets and polarized targets in children with normal binocular vision. Optometry - Journal of
the American Optometric Association 2008; 79: 138-142.

Von Noorden GK, Campos E. Binocular Vision and Ocular Motility. 6th ed. St. Louis: Mosby
Inc; 1985.

Caloroso EE, Rouse MW. Clinical Management of Strabismus. Newton, MA: Butterworth-
Heinemann; 1993.

Simonsz HJ, Kolling GH, Unnebrink K. Final report of the early vs. late infantile strabismus
surgery study (ELISSS), a controlled, prospective, multicenter study. Strabismus 2005; 13:
169-199.

Lwanga SK, Lemeshow S. Sample size determination in health studies: a practical manual,
https://apps.who.int/iris/handle/10665/40062 (1991, accessed 12 June 2023).

Arya R, Antonisamy B, Kumar S. Sample size estimation in prevalence studies. Indian J
Pediatr 2012; 79: 1482-1488.

Kim H-Y. Statistical notes for clinical researchers: Chi-squared test and Fisher’s exact test.
Restor Dent Endod 2017; 42: 152—155.

Mitchell PB. Ocular torticollis. Trans Am Ophthalmol Soc 1999; 97: 697.

Dikici K, Kizilkaya M. Ocular casuses of abnormal head posture. Cerrahpasa Medical Journal
2002; 33: 42-46.

Kushner BJ. Ocular Causes of Abnormal Head Postures. Ophthalmology 1979; 86: 2115—
2125.

Akbari MR, Khorrami-Nejad M, Kangari H, Akbarzadeh Baghban AA, Ranjbar Pazouki MR.
Ocular Abnormal Head Posture: A Literature Review. J Curr Ophthalmol 2021; 33: 379.
Turan EK, Sekeroglu TH, Koc I, Kilic M, Sanac A. The Frequency and Causes of Abnormal Head
Position Based on an Ophthalmology Clinic’s Findings: Is it Overlooked?
https://doi.org/105301/ejo5000908 2016; 27: 491-494.

Denis D, Genitori L, Bolufer A, Lena G, Saracco J, Choux. M Refractive error and ocular
motility in plagiocephaly. Childs Nerv Syst 1994; 10: 210-216.

Gupta PC, Foster J, Crowe S, Papay F, Luciano M, Traboulsi E. Ophthalmologic findings in
patients with nonsyndromic plagiocephaly. J Craniofac Surg 2003; 14: 58.

Bagolini B, Campos EC, Chiesi C. Plagiocephaly causing superior oblique deficiency and ocular
torticollis. A new clinical entity. Arch Ophthalmol 1982; 100: 1093-1096.

Beckett JS, Persing JA, Steinbacher DM. Bilateral orbital dysmorphology in unicoronal
synostosis. Plast Reconstr Surg 2013; 131: 125-130.

Touzé R, Heuzé Y, Robert MP, Bremond-Gignac D, Roux C, James S et al. Extraocular muscle
positions in anterior plagiocephaly: V-pattern strabismus explained using geometric
mophometrics. Br J Ophthalmol 2020; 104: 1156-1160.

27



57.

58.

59.

60.

61.

62.

Tan ETC Ocular torticollis in unicoronal craniosynostosis
Status: definitive, date 23-06-2023

Morax S. Oculo-motor disorders in craniofacial malformations. J Maxillofac Surg 1984; 12: 1-
10.

Robb RM, Boger WP. Vertical strabismus associated with plagiocephaly. J Pediatr
Ophthalmol Strabismus 1983; 20: 58-62.

Gosain AK, Steele MA, McCarthy JG, Thorne C. A prospective study of the relationship
between strabismus and head posture in patients with frontal plagiocephaly. Plast Reconstr
Surg 1996; 97: 881-891.

Deng H, Irsch K, Gutmark R, Phamonvaechavan P, Foo F, Anwar D et al. Fusion can mask the
relationships between fundus torsion, oblique muscle overaction/underaction, and A- and V-
pattern strabismus. J AAPOS 2013; 17: 177-183.

Yoon JA, Choi H, Shin YB, Jeon H. Development of a questionnaire to identify ocular
torticollis. Eur J Pediatr 2020; 180: 561-567.

Tumturk A, Kaya Ozcora G, Kacar Bayram A, Kabakioglu M, Doganay S, Canpolat M et al.
Torticollis in children: an alert symptom not to be turned away. Child’s Nervous System 2015;
31:1461-1470.

28



