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RESUME 

L’hypertélorisme orbitaire, défini par une augmentation pathologique de la distance interorbitaire, peut 

être isolé ou associé à de multiples syndromes malformatifs. La prise en charge chirurgicale de 

l’hypertélorisme, souvent réalisée avant la fin de la croissance faciale en cas de retentissement 

morphologique important, soulève la question de l’interférence avec le développement orbitaire normal 

et du risque de récidive à long terme. 

L’objectif principal de cette thèse est double : d’une part, il s’agit de définir des valeurs de référence de 

la croissance orbitaire osseuse chez l’enfant caucasien sain ; et d’autre part, d’évaluer l’évolution post-

opératoire de la distance interorbitaire chez des patients opérés d’hypertélorisme orbitaire. 

Pour répondre au premier objectif, une étude morphométrique rétrospective a été menée à partir de 466 

scanners crânio-faciaux réalisés chez des enfants caucasiens âgés de 3 mois à 10 ans. Les distances 

interorbitaires internes (IOD) et latérales (LOD), ainsi que leur ratio (IOD/LOD), ont été mesurées en 

suivant des repères anatomiques standardisés. Les résultats montrent une croissance progressive et 

isométrique des orbites, avec une accélération marquée durant les deux premières années de vie et entre 

7 et 8 ans, passant d’une IOD moyenne de 18,76 mm à 3 mois à 22,79 mm à 10 ans. 

Pour répondre au deuxième objectif, une étude rétrospective, chez des patients opérés d’une chirurgie 

d’hypertélorisme au sein de notre service, a été menée sur la période 2017 – 2025. Les critères 

d’inclusion étaient les suivants : données cliniques et scanographiques disponibles, avec suivi d’au 

moins 3 ans post-opératoires. Deux patients ont bénéficié d’une chirurgie monobloc d’avancée 

frontofaciale associée à une bipartition faciale, trois par une bipartition faciale et six par des box 

ostéotomies. Les distances interorbitaires ont été mesurées sur les scanners préopératoires, en période 

postopératoire immédiate et à distance. Nous avons observé dans notre série, une augmentation de la 

distance interorbitaire en période post-opératoire, suggérant une croissance résiduelle des orbites, sans 

récidive de l’hypertélorisme chez 8 des11 patients. Trois patients présentaient une insuffisance de 

correction de l’hypertélorisme à long terme, en lien avec une réduction per-opératoire de la distance 

interobitaire incomplète.  

Ces résultats contribuent à une meilleure connaissance de l’évolution de la distance interorbitaire au 

cours de la croissance physiologique, et après chirurgie d’hypertélorisme. Au total, la poursuite de ce 

travail avec l’augmentation du nombre de patients opérés d’hypertélorisme inclus dans notre étude, nous 

aidera à mieux adapter les stratégies chirurgicales en fonction de l’âge et de l’étiologie de 

l’hypertélorisme. 

 

 

MOTS-CLES : distance interorbitaire, scanners, croissance orbitaire, population pédiatrique saine, 

hypertélorisme orbitaire, correction chirurgicale, résultats post-opératoires.  

 

 

 

 

 



3 
 

SUMMARY 

TITLE: Study of Interorbital Distance Evolution During Growth in Healthy Patients and After 

Surgical Correction of Hypertelorism 

Orbital hypertelorism, defined as a pathological increase in the interorbital distance, can occur in 

isolation or in association with multiple congenital syndromes. Surgical management of hypertelorism, 

often performed before the completion of facial growth in cases with significant morphological impact, 

raises concerns regarding potential interference with normal orbital development and the risk of long-

term recurrence. 

The primary objective of this thesis is twofold: first, to establish normative reference values for orbital 

bone growth in healthy Caucasian children; and second, to evaluate the postoperative evolution of the 

interorbital distance in patients who have undergone surgery for orbital hypertelorism. 

To address the first objective, a retrospective morphometric study was conducted based on 466 

craniofacial CT scans of Caucasian children aged from 3 months to 10 years. Internal (IOD) and lateral 

(LOD) interorbital distances, as well as their ratio (IOD/LOD), were measured using standardized 

anatomical landmarks. The results demonstrate progressive and isometric orbital growth, with marked 

acceleration during the first two years of life and between 7 and 8 years, with the internal interorbital 

distance increasing from 18.76 mm at 3 months to 22.79 mm at 10 years. 

To address the second objective, a retrospective study was conducted on patients operated for 

hypertelorism in our department between 2017 and 2025. Inclusion criteria included availability of 

clinical and imaging data, with at least 3 years of postoperative follow-up. Two patients were treated by 

facial bipartition combined with monobloc frontofacial advancement, three by facial bipartition, and six 

by box osteotomies. Interorbital distances were measured on preoperative, immediate postoperative, and 

long-term follow-up CT scans. Our series showed an increase in interorbital distance over time, 

suggesting residual orbital growth without recurrence of hypertelorism in 8 out of 11 patients. Three 

patients exhibited insufficient long-term correction of hypertelorism, related to inadequate 

intraoperative reduction of the interorbital distance. 

These results contribute to a better understanding of interorbital distance evolution during physiological 

growth and following hypertelorism surgery. Overall, continuing this work with a larger cohort of 

surgically treated hypertelorism patients will help optimize surgical strategies based on patient age and 

hypertelorism etiology. 

 

KEYWORDS: interorbital distance, CT-scans, orbital growth, paediatric healthy population, orbital 

hypertelorism, surgical correction, postoperative outcomes. 
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Pauline, merci de m’avoir confié ce rôle de témoin le 26/08/2023. Je chéris nos échanges épistolaires, 

nos nombreuses heures passées à refaire le monde, à marcher en Bretagne, à boire des thés partout et 

nulle part. Si seulement Toulouse était la porte à côté.  

Sixtine, merci de m’avoir confié ce rôle de témoin le 28/07/2021. Ma belle Sixtine, ma confidente et 

mon acolyte pour les virées shopping. Quel bonheur de te voir t’épanouir dans ton travail et ton rôle de 

mère. Je crois que François mérite un nouveau merci de ma part en te rendant heureuse. Merci de me 

faire confiance pour être la marraine de Colombe.  

Clarisse, l’amie ambitieuse qui vit sa passion professionnelle autant que moi. Malgré toutes tes 

explications, je dois concéder que je ne comprends toujours pas ton job. Le jour où tu seras présidente 

ou député européen ou PDG de Safran j’espère que tu continueras à m’appeler pour tes questions 

médicales ou pour partager tes questions existentielles. Je suis sûre que le père Sèbe veille sur nous. Et 

vive l’île de Ré ! 

Quitterie, nos chemins ne se croisent moins souvent mais je n’oublie pas nos années aux guides-ainées 

et les responsabilités que nous avons endossées avec Clarisse. Heureusement que nous étions jeunes et 

insouciantes finalement. Quelle joie la naissance de Philippe.  

Orianne, toujours bien apprêtée. Une main de fer dans un gant de velours. Tu m’impressionnes avec ton 

rythme de maman, orthophoniste et femme de pilote. Bon courage pour l’expatriation. On viendra à 

Londres pour les magasins.  

Et Benjamin, parce que de pièce rapportée (merci Orianne) tu es devenu un véritable ami. J’ai le 

privilège de pouvoir dire « mon pote pilote de chasse » quand je parle de toi. J’espère que tu fais de 

même quand tu parles de moi « ma pote chirurgien ». C’est bon pour l’égo. Merci d’être un si bon 

cavalier sur la piste et de m’aider à assumer mon exigence dans ma vie pro et perso. N’oublie pas la 

précision chirurgicale là-haut et moi je réalise la check-list avant d’inciser.  

A Eddy et Kenza, les amis de la fac. J’ai hâte d’assister à votre mariage. Eddy, merci d’avoir fait 

confiance à mes goûts pour le choix de la bague. Bientôt le choix du costume. Merci pour cette amitié 

que tu m’offres. Kenza, Dr Chikh, j’espère que tes parents sont fiers de toi. Moi je le suis.  

Abdel, havrais tous les deux, voisins à Rouen, nous avons échoué à Tours. Merci pour tes râleries, tes 

fous rires et tes relectures de discours et topos. Ta capacité à passer outre les remarques des idiots 

m’impressionne. Je te souhaite sincèrement d’être heureux chirurgicalement et personnellement.  

Noémie, la gynécologue rencontrée à l’école de chirurgie. Tu étais l’interne raffinée avec ce petit truc 

en plus qui m’a rappelé mes amies. Pour ce que l’on partage dans nos vies d’internes de chir mais 

également en dehors. Sache que tu peux te reconvertir en tant qu’interprète ou organisatrice de voyages 

si tu satures de l’hôpital.    
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Clara, la chirurgien digestif rencontrée surtout à Orléans. Vue de loin notre amitié peut interpeler mais 

je sais que je peux compter sur toi au CHU et en dehors. Voyager à tes côtés en Italie était d’une 

simplicité appréciable. Alors tout simplement merci.  

Emma, la gynécologue rencontrée à Orléans. Merci pour ta joie de vivre communicative et tes talents 

culinaires. Attention aux feux rouges en sortie de garde.  

A Eyriann, la dermato que je peux solliciter au CHU et en dehors. Nos centres d’intérêts communs hors 

médecine contribuent à mon bon équilibre à Tours.  
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INTRODUCTION  

Au-delà de leur rôle de protection des globes oculaires, les orbites osseuses ont également un 

rôle dans l’esthétique du visage. De nombreuses anomalies crânio-faciales peuvent atteindre les 

orbites, ainsi une bonne connaissance de la croissance orbitaire est indispensable pour 

distinguer le physiologique du pathologique.  

L’hypertélorisme orbitaire, décrit pour la première fois en 1924 par Greig, correspond à une 

augmentation pathologique de l’espace séparant les orbites. Il s’agit d’une manifestation 

clinique pouvant être présente dans diverses malformations crânio-faciales. Cette anomalie 

orbitaire est un véritable défi chirurgical avec de nombreux enjeux, fonctionnels et esthétiques. 

La collaboration de deux chirurgiens français, Paul Tessier, chirurgien craniofacial, et Gérard 

Guiot, neurochirurgien, pour tenter de traiter un cas sévère d’hypertélorisme orbitaire, aboutira 

à la naissance de la chirurgie crânio-faciale dans les années 1960 à l’hôpital Foch à Paris.  

Les techniques opératoires qui en découlent et qui continuent d’être développées, permettent 

de corriger l’hypertélorisme orbitaire au cours d’une seule intervention. La disponibilité des 

scanners et l’utilisation en routine de la chirurgie assistée par ordinateur permettent d’accéder 

à la réalisation de guides de coupe chirurgicaux afin d’obtenir un résultat post-opératoire 

prédictible et de diminuer le temps chirurgical. Cependant, il existe encore des résultats 

perfectibles, avec notamment des récidives, faisant chercher des explications et identifier de 

potentiels facteurs de risque.  

L’objectif de ce travail de thèse est double. La première partie a pour but de quantifier 

l’évolution de la distance interorbitaire avec l’âge chez des patients sains, dans une population 

caucasienne, peu décrite dans la littérature. La deuxième partie est dédiée à l’étude de 

l’évolution des distances orbitaires chez les patients opérés dans notre service d’un 

hypertélorisme orbitaire. L’ensemble de ces résultats contribuera à une meilleure 
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compréhension de l’évolution de la croissance orbitaire avec l’âge, en physiologie et en 

pathologie, afin de déterminer la période la plus propice à une chirurgie correctrice de 

l’hypertélorisme. 

La première partie de ce travail a été soumis comme article dans un journal. (Pech de Laclause 

et al, submitted, 2025). 
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ABSTRACT 

TITLE: Assessment of orbital growth parameters in a healthy Caucasian paediatric population 

based on CT-scan measurements 

BACKGROUND 

The pattern of human orbital growth is an important point of facial development to investigate, 

due to the many craniofacial abnormalities which can interfere with it. Defining growth patterns 

is mandatory for guiding diagnostic, evaluation and surgical approach in children with 

craniofacial abnormalities. However, craniofacial morphology varies across genetic and 

ethnicities. Although several studies report Asian and American facial characteristics including 

normal interorbital distance, there is a lack of data concerning Caucasian paediatric healthy 

populations. 

Our study aimed to analyse orbital bone growth based on 3D CT-scan measurements in a 

healthy paediatric Caucasian population in France. 

MATERIALS and METHODS  

A retrospective cohort study was conducted, based on craniofacial CT-scans performed in our 

peadiatric center, between 2010 and 2024, in patients aged from 3 months to 10 years. To assess 

orbital growth, several anatomical landmarks and interorbital distances were defined, including 

the bony inner interorbital distance (IOD), and the bony lateral orbital distance (LOD). The 

IOD/LOD ratio was calculated. Mean +/- SD was calculated for IOD, LOD, and IOD/LOD 

ratio, and statistical comparisons between male’s and female’s values and between each age 

group were performed using Mann-Whitney test.  

RESULTS  

466 CT-scans were analysed in our study (216 females and 250 males), with at least 2 series of 

measurements for each CT-scan. Intra-observer variability was less than 5%. For each age 

group, 36 (+/- 4) CT-scans were analysed, Female/Male ratio was 86.4%. The average 

interorbital distances increased progressively with age, from 18.76 +/- 1.17mm at 3 months of 

age to 22.79 +/- 1.73 mm at 10 years of age. The most important increase of IOD and LOD 

values was observed during the first 2 years of age (p<0.01) and between 7 and 8 years of age 

(p<0.05). The IOD/LOD ratio remained constant with age, showing isometric growth of the 

orbits. 

CONCLUSION 

 

Our study provides detailed age- and sex-specific normative data of orbital measurements in 

Caucasian children based on CT-scans. Our results highlighted similar orbital growth patterns 

between Caucasian and Asian populations.  

 

KEYWORDS: interorbital distance, CT-scans, orbital growth, paediatric healthy population 
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ABBREVIATIONS  

IOD: Inner Interorbital Distance 

LOD: Lateral Orbital Distance 

ICC: Intraclass Correlation Coefficient  

 

SHORT TITLE:  Interorbital Distance in Caucasian children  

 

SUMMARY SECTION  

-Previous literature: Several studies report Asian and American facial and orbital growth 

characteristics in healthy populations, but to date, there is a lack of data reporting normal orbital 

growth patterns in Caucasian populations. Furthermore, several studies report normative values 

of interorbital distance based on radiographic 2D measurements. Today, CT-scan is available 

in routine allowing 3D measurements. This study aimed to analyse orbital bone growth based 

on CT-scan measurements in a healthy paediatric Caucasian population in France. 

-Key findings: Based on the evaluation of 466 CT-scans, performed in Caucasian children 

between 3 months and 10 years, we showed that inner interorbital distances increased 

progressively from 3 months to 10 years, the highest increase was observed during the first 2 

years and between 7 and 8 years of age.  

-Knowledge advancements: Our study provides detailed age- and sex-specific normative data 

of orbital measurements in Caucasian children based on CT-scans. Our results will help to better 

define the interorbital distance to apply per-operatively for the correction of hypertelorism, 

according to the age at surgery.  
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INTRODUCTION  

The pattern of human orbital growth is an important point of facial development to investigate, 

due to the many craniofacial abnormalities requiring surgical procedures which can interfere 

with it. Interorbital distance can be abnormally increased or decreased in case of hypertelorism 

or hypotelorism, respectively. Orbital hypotelorism is characterized by reduced interorbital 

distances, it is often associated with syndromic anomalies.1 Trigonocephaly is one of the most 

frequent craniofacial malformations leading to hypotelorism.2 It results from the premature 

closure of the metopic suture causing the inability of the frontal bones to grow laterally, and 

subsequent reduced interorbital distance.3  Hypotelorism is also described in more than 60 

different associated conditions, such as holoprosencephaly, trisomy 13, Coffin-Siris syndrome, 

Meckel-Gruber syndrome, or Williams syndrome. 4–7 

Orbital hypertelorism, first described by Greig in 1924, is characterized by increased 

interorbital inner and lateral orbital distances. 8 Hypertelorism is observed in various congenital 

and tumoral craniofacial diseases, such as craniofrontonasal dysplasia, median and paramedian 

craniofacial clefts, craniosynostosis, mostly Fibroblast Growth Factor Receptor-related 

syndromes (Crouzon, Apert and Pfeiffer syndromes), frontonasoethmoidal tumors, or 

encephalocele.9,10  Orbital hypertelorism is defined by the presence of an interorbital distance 

(IOD) over 30 mm, it is graded as mild or grade I when IOD is between 30 and 34 mm, as 

moderate or grade II when IOD is between 35-39 mm, and severe or grade III when IOD is over 

40 mm, according to Tessier.9 Orbital hypertelorism concerns an increased interorbital distance 

due to the true lateralization of the entire orbital complex. It must be differentiated from 

telecanthus, pseudohypertelorism and interorbital hypertelorism. Telecanthus is defined by an 

excessive inner intercanthal distance and normal outer intercanthal distance without bony 

lateralization, whereas pseudohypertelorism corresponds to an appearance of excessive 
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interorbital distance with normal interorbital distance. This is encountered in case of flat nasal 

bridge, epicanthic folds, exotropia, or narrow palpebral fissures.11  

A good knowledge of physiological orbital growth is essential to better assess normal and 

abnormal orbital development. Craniofacial morphology and growth vary across genetic 

backgrounds and ethnicities.  

Several studies report Asian and American facial and orbital growth characteristics in healthy 

populations, but to date, there is a lack of data reporting normal orbital growth patterns in 

Caucasian populations. 12–19 Surgical correction of craniofacial anomalies interfere with orbital 

growth, and age at surgery for the correction of hypertelorism is controversial. 20,21 Applying 

an overcorrection of the IOD based on the normal IOD values according to the age at surgery, 

may prevent the risk of relapse particularly in case of early surgical correction. 20 Several studies 

report normative values of interorbital distance based on radiographic 2D measurements. 22 

However, 3D CT-scan measurements allow more reliable and reproducible measurements than 

cephalometric measures. Today, CT-scan is available in routine for diagnosis, follow-up, and 

surgical planning for reconstructive surgery.  

Better knowledge of orbital growth will help clinicians and craniofacial surgeons to guide 

clinical evaluation and surgical planning in children with craniofacial abnormalities affecting 

the orbits. The aim of our study was to analyse orbital bone growth based on 3D CT-scan 

measurements in a healthy paediatric Caucasian population.  

 

MATERIALS AND METHODS 

Selection of the craniofacial CT-scans used for the analyses was based on a list provided by the 

Department of Peadiatric Radiology (BM); this list reviewed all craniofacial CT scans 
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retrospectively performed at the Peadiatric University Hospital of Tours, in France, between 

2010 and 2024, in patients aged from 3 months to 10 years.  

All the CT-scans were produced by using the same multidetector CT-scan machine 

(SIEMENS® SOMATOM DEFINITION EDGE, 2020) with high-resolution contiguous 

sections in an axial plane (slice thickness 0.6 mm). CT images were analyzed in bone window. 

We excluded all patients with a known facial fracture, craniofacial syndrome, infectious or 

tumoral diseases or previous facial surgery which affect the orbito-facial studied area.  

Age groups were categorized as follows: 3-6 months, 6-12 months, 12-18 months, 18-24 

months, and then every year until age 10 years of life. The anatomical landmarks used to 

evaluate interorbital distance were determined by the craniofacial surgeons of our team (BL, 

AM), in collaboration with our referring peadiatric radiologist (BM) as follows: bony inner 

interorbital distance (IOD), bony lateral orbital distance (LOD) and the IOD/LOD ratio. These 

anatomical landmarks were placed at the level of the neuro-ocular plane as described by 

Cabanis et al.23,24 All measurements were performed by the lead author (MPL) to minimize 

rater error in data collection. The measurements were carried out at least two times and the 

average was calculated. All image manipulations and measurements were made using the PACS 

Carestream Philips (Figures 1, 2).  

This study was approved by the ethical committee of University Hospital Center of Tours (study 

approval n° 2024_105). 

Statistical analyses  

Mean +/- SD was calculated for IOD, LOD, and IOD/LOD ratio. Patient’s age and Male/Female 

ratio were evaluated for each age group. Comparisons between each group ages in total group 

and between males and females for each age group were conducted (Mann Whitney test). 

Intraclass correlation coefficients were calculated for each age group. Statistical analyses were 
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performed using Excel® and Python®. The threshold for statistical significance was set to 

p<0.05: *0.01< p <0.05; **0.001< p <0.01; ***p <0.0001. 

 

 

 

 

 

  

  

Figure 1: Craniofacial CT-scan, sagittal view. The red line represents the level of neuro-ocular 

plane as described by Cabanis et al.23,24 

 

 

 

 

 

 

  

  

 

Figure 2: Craniofacial CT-scan, axial view (Cabanis plane). Bony inner interorbital (IOD) and 

bony lateral orbital (LOD) distances.23,24 
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RESULTS 

In total, 466 Caucasian subjects were included in this study, including 216 (46%) females and 

250 males (54%). Two series of measurements for each CT-scan were made and a third reading 

was performed for 70 patients, when intra-observer variability exceeded 5% between the two 

series of measurements. In total, 1166 series of CT-scan measurements were realized. Age at 

evaluation ranged from 3 months old to 10 years and 6 months. The average size of groups was 

36 subjects (+/- 4), ranging from 21 to 45 subjects per group, without significant differences 

between male and female rates (p= 0.07) for each age group. Intraclass correlation coefficients 

ranged between 0.95 and 0.99 for each age groups (Supplemental Table).  

The average inner interorbital distance (IOD) increased progressively with age, from 18.76 +/- 

1.17 mm at 3 months of age to 22.79 +/- 1.73 mm at 10 years of age, with an average increase 

of 2 % between age groups (from 0.3 to 4.53%) (Figure 3). Erreur ! Source du renvoi i

ntrouvable.The highest increase of IOD values was observed during the first 2 years of age and 

between 7 and 8 years of age, with statistically significant differences between these age groups 

(Figure 3). 

 Between the age of 3-6 months and the age of 2 years, the mean increase of IOD distance was 

4.53%, p = 0.004. Between the age of 7 years and the age of 8 years, the mean increase of IOD 

distance was +4.53%, p = 0.042 (Table 1, Figure 3). 

We observed a similar pattern of growth concerning the lateral orbital distance (LOD) (Figure 

4). Between the age of 3-6 months and the age of 2 years, the mean increase of LOD distance 

was +9.11%, p < 0.001. Between the age of 7 years and the age of 8 years, the mean increase 

of LOD distance was +3.10%, p < 0.001 (Table 2, Figure 4). 

The mean IOD/LOD ratio was 0.24 +/- 0.004 mm. The IOD/LOD ratio remained constant with 

age, without significant differences between age groups (Table 3).   
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No statistically significant difference between females and males was found for inner 

interorbital distance, excepted at 5, 7 and 10 years of age. In these age groups, males had a 

wider interorbital distance (+ 1 to 2 mm when compared with female values, p 0.041, p= 0.030, 

p=0.009, respectively) (Table 1). 

 No statistically significant difference between females and males was found for lateral orbital 

distance, excepted at 3-6 months, 6-12 months, 3 years and 10 years of age. In these age groups, 

males had a wider lateral orbital distance (+ 1 to 3 mm when compared with female values, 

p=0.002, p=0.030, p=0.001, p=0.023, respectively) (Table 2). 

No statistically significant difference between females and males was observed concerning 

IOD/LOD ratio (Table 3).   

Age 

group 

Number of 

Subjects per 

group 

Inner Interorbital distance (IOD) 

Mean +/- Standard Deviation (mm) 

   All (mean +/- 

SD) 

F (mean +/- SD) M (mean +/- 

SD) 

p-Value* 

3-6 mo 33 (13F, 20M) 18.76 +/- 1.17 18.58 +/- 1.25 18.89 +/- 1.13 0.519 

6-12 mo 45 (19F, 26M) 18.72 +/- 1.15 18.37 +/- 0.96 18.94 +/- 1.20  0.105 

12-18 mo 38 (17F, 21M) 18.81 +/- 1.38 18.44 +/- 1.27 19.11 +/- 1.41 0.161 

18-24 mo  21 (11F, 10M) 19.30 +/- 1.68  19.27 +/- 1.86 19.34 +/- 1.55 0.918 

2 y  39 (16F, 23M) 19.61 +/- 1.21 19.48 +/- 1.29 19.71 +/- 1.18 0.525 

3 y 40 (17F, 23M) 20.22 +/- 1.45 19.76 +/- 1.28 20.57 +/- 1.49 0.120 

4 y 35 (17F, 18M) 20.28 +/- 1.50 20.11 +/- 1.38 20.45 +/- 1.62  0.586 

5 y 35 (17F, 18M) 20.89 +/- 1.65 20.31 +/- 1.43 21.45 +/- 1.68  0.041* 

6 y 37 (20F, 17M) 21.22 +/- 1.63 21.11 +/- 1.61 21.34 +/- 1.69 0.715 

7 y  36 (20F, 16M) 21.19 +/- 1.54 21.70 +/- 1.58 20.55 +/- 1.26 0.030* 

8 y  33 (15F, 18M) 22.15 +/- 1.84 21.94 +/- 1.86 22.33 +/- 1.86 0.613 
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9 y  42 (18F, 24M) 22.50 +/- 1.99 22.06 +/- 1.77 22.84 +/- 2.11 0.438 

10 y  32 (16F, 16M) 22.79 +/- 1.73 22.03 +/- 1.43 23.55 +/- 1.71 0.009** 

Table 1: Bony inner interorbital distances (IOD) values by age group and sex, and comparisons 

between males and females (*). F = females, M = males, y = years, mo = months. 

Age 

group 

Number of 

CT-scans per 

group 

Lateral Orbital distance (LOD) 

Mean +/- Standard Deviation (mm) 

   All (mean +/- 

SD) 

F (mean +/- SD) M (mean +/- 

SD) 

p-Value 

3-6 mo 33 (13F, 20M) 74.17 +/- 3.35 72.02 +/- 2.62 75.65 +/- 3.06 0.002** 

6-12 mo 45 (19F, 26M) 77.04 +/- 3.00 76.03 +/- 2.71 77.77 +/- 3.03 0.030* 

12-18 mo 38 (17F, 21M) 77.62 +/- 3.48 76.68 +/- 3.57  78.38 +/- 3.29  0.123 

18-24 mo 21 (11F, 10M) 78.94 +/- 3.42 77.93 +/- 3.86  80.05 +/- 2.60 0.132 

2 y 39 (16F, 23M) 80.93 +/- 2.57  80.39 +/- 1.96 81.31 +/- 2.90 0.404 

3 y 40 (17F, 23M) 83.52 +/- 2.77  81.90 +/- 1.76 84.71 +/- 2.80 0.001** 

4 y 35 (17F, 18M) 84.38 +/- 3.54 82.97 +/- 3.41 85.70 +/- 3.21 0.052 

5 y 35 (17F, 18M) 85.53 +/- 2.90 84.39 +/- 2.74 86.60 +/- 2.69 0.044 

6 y 37 (20F, 17M) 86.76 +/- 3.25 86.03 +/- 2.67 87.62 +/- 3.72 0.198 

7 y  36 (20F, 16M) 87.36 +/- 3.17 87.38 +/- 2.91 87.33 +/- 3.57 0.836 

8 y  33 (15F, 18M) 90.07 +/- 2.97 89.40 +/- 3.64 90.62 +/- 2.22 0.556 

9 y  42 (18F, 24M) 91.23 +/- 3.01 90.29 +/- 2.62 91.93 +/- 3.14 0.220 

10 y  32 (16F, 16M) 92.37 +/- 2.98  91.06 +/- 2.45 93.68 +/- 2.96 0.023* 

Table 2: Lateral orbital distance (LOD) values by age group and sex, and comparisons between 

males and females (*). F = females, M = males, y = years, mo = months. 
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Age 

group 

Number of CT-

scans per group 

Inner Interorbital / Lateral Orbital distances ratio 

(IOD/LOD ratio)  

   All (mean +/- 

SD) 

F (mean +/- SD) M (mean +/- 

SD) 

p-Value* 

3-6 mo 33 (13F, 20M) 0.25 +/- 0,01 0.26 0.25 0.610 

6-12 mo 45 (19F, 26M) 0.24 +/- 0,01 0.24 0.24 0.912 

12-18 mo 38 (17F, 21M) 0.24 +/- 0,01 0.24 0.24 0.881 

18-24 mo 21 (11F, 10M) 0.24 +/- 0,02 0.25 0.24 0.772 

2 y 39 (16F, 23M) 0.24 +/- 0,01 0.24 0.24 0.952 

3 y 40 (17F, 23M) 0.24 +/- 0,01 0.24 0.24 0.944 

4 y 35 (17F, 18M) 0.24 +/- 0,01 0.24 0.24 0.826 

5 y 35 (17F, 18M) 0.24 +/- 0,02 0.24 0.25 0.764 

6 y 37 (20F, 17M) 0.24 +/- 0,02 0.25 0.24 0.834 

7 y  36 (20F, 16M) 0.24 +/- 0,01 0.25 0.24 0.582 

8 y  33 (15F, 18M) 0.25 +/- 0,02 0.25 0.25 0.976 

9 y  42 (18F, 24M) 0.25 +/- 0,02 0.24 0.25 0.653 

10 y  32 (16F, 16M) 0.25 +/- 0,02 0.24 0.25 0.617 

Table 3: Bony inner interorbital distance (IOD) to lateral orbital distance values (LOD) ratio by 

age group and sex and comparisons between males and females (*). F = females, M = males, y 

= years, mo = months. 
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Figure 1: Inner Interorbital Distance from 3 months to 10 years of age. Mean +/- SD (mm). 

(*0.01< p <0.05; **0.001< p <0.01). 

 

 

Figure 2: Lateral Orbital Distance from 3 months to 10 years of age. Mean +/- SD (mm).       

(***p <0.0001). 
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Figure 3: Comparisons of Inner Interorbital Distance values between our series and previous 

published series. Mean in mm.13,14 

 

DISCUSSION  

Craniofacial morphology and growth have traditionally been studied using radiographic 2D 

measurements, and adult population has been more widely described than peadiatric ones. 22  

CT-scan allows a 3D evaluation, it is now available in routine and provides more reliable and 

reproducible measurements than radiographic-based measurements.  

Asian and American facial and orbital growth characteristics are well reported in literature. 12–

19 However, craniofacial morphology varies across ethnicities, and, to date, there is still a lack 

of data concerning normal orbital growth patterns in Caucasian populations. 13,14 Thus, we 

aimed to analyse orbital bone growth based on 3D CT-scan measurements in a healthy 

paediatric Caucasian population in France.  

We showed that inner interorbital distances increased progressively with age, from 3 months to 

10 years, with an average increase of 2 % +/- 1.3 every year. The highest increase of interorbital 
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distance values was observed during the first 2 years of age and between 7 and 8 years of age. 

We observed a similar pattern of growth concerning the lateral orbital distance, with an average 

increase of 1.8 % +/- 1.06 between age groups. The IOD/LOD ratio remained constant with 

age, highlighting isometric orbital and zygomatic growth. 

According to Tessier et al, mean inner interorbital distance reaches 25 mm in females and 28mm 

males at adult age. 9 In our study, Inner Interorbital Distance reaches approximately 78 % and 

89 % of the adult values, at the age of 2 years, and 8 years, respectively. Then, the orbital growth 

slows down since it reaches at the age of 10 years, almost 91% of the adult values, as reported 

among literature. 12,14,25  Ye et al. reported also 2 growth spurts during orbital growth: during 

the first 2 years and between the age of 5 and 13 years. 19 

The embryological development of the orbit is linked to the development of the brain and of 

the anterior cranial vault, this determines the size and the shape of the orbits. 26,27 Embryology 

and fetal development of the orbits begins at the time of the neurulation during week 4 of 

embryogenesis. 28 The development of the eyeballs establishes the scaffolding of the orbital 

bones. Convergence of the orbits during pregnancy and after birth determines the final position 

of the orbits. At 2 months of gestation, orbits have an initial 180 relation to each other, they 

reach a 71 relation to each other at birth. In the post-natal period and during growth, orbital 

growth and shape is also influenced by the sinus pneumatisation.25  Patency of cranial sutures 

also allows orbital development and the time of cranial sutures closure influences interorbital 

distance and orbital volume and shape. 26,27 Premature fusion of coronal sutures, causing 

plagiocephaly and brachycephaly, leads to reduced orbital volume and is often associated with 

hypertelorism, whereas, in case of premature fusion of the metopic suture, leading to 

trigonocephaly, triangular frontal shape and reduced interorbital distance are observed. 2,29  
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When comparing our results with those reported from the study of Asian populations 

(Thailand), we found a similar orbital growth pattern with a rapid increase during the first 2 

years of life and comparable values of interorbital distance between 3 months and 10 years of 

age (Figure 5).14 When comparing with the results obtained from a study conducted in 

American population (USA) that examined orbital measurements of healthy infants before 2 

years of age, our results were slightly higher but IOD/LOD distance ratio remained similar 

(Figure 5). 13 Although interorbital morphology varies across ethnicity and genetic 

backgrounds, measurements methods and the different reference planes used among the series 

may also explain these variations.  

In this present study, we defined anatomical landmarks and interorbital distances at the level of 

neuro-ocular plane as described by Cabanis et al.23,24 This neuro-ocular plane is a standard for 

the CT or MRI study of the visual pathway, it is the permanent orientation of the brain in space 

and replicates the Broca’s visual plan. Others studies chose the Frankfort horizontal plane, 

defined by the highest point on the upper margin of the opening of each external auditory canal 

and the lowest point on the lower margin of the left orbit. 13,14,19 Due to these plane variations 

used for the measurements, we cannot draw any definitive conclusions based on the comparison 

with the other studies. However, despite the different planes used within the different series and 

ours, Inner Interorbital Distance/Lateral Orbital Distance ratio remained constant with age and 

comparable, and interorbital distance showed similar evolution with growth.   

Finally, we found some discrepancies between males and females concerning IOD and LOD, 

this is also reported in other studies, but at different ages. 14,19 These differences between the 

series may be due to the inclusion bias due to the CT-scan selection and the sample size. 

Nevertheless, some studies didn’t find discrepancies between males and females. 12,18 However, 

in all cases, when a significant difference was found, males had a wider lateral orbital and/or 
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inner interorbital distances. Noticeably, these variations between males and females persisted 

in adulthood.14,19  

The strengths of our study were the intraobserver reliability, with a low intra-observer 

variability and high intraclass correlation coefficients, showing a good measurement 

reproducibility. 

Our study has some limitations that must be considered. Firstly, our samples came from a single 

tertiary care center and this population may differ from the general healthy population. 

Secondly, although the average size of our groups is comparable to those of other studies, the 

sample size may limit statistical power of this study. Thirdly, we couldn’t use longitudinal CT-

scans from the same patients during growth due to the retrospective design of the study.  

 

CONCLUSION 

Overall, our study provides additional knowledge concerning orbital growth in Caucasian 

paediatric population. These normative data and analysing evolution of orbital growth after 

the surgical correction of hypertelorism, will help in future to better define the interorbital 

distance to apply per-operatively for the correction of hypertelorism, according to the age at 

surgery.  
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SUPPLEMENTAL FILES  

Age            Intraclass Correlation Coefficient (ICC) 

  All Females  Males 

3-6 mo 0.98 0.99 0.98 

6-12 mo 0.96 0.94 0.97 

12-18 mo 0.97 0.96 0.97 

18-24 mo 0.98 0.98 0.98 

2 y 0.96 0.97 0.95 

3 y 0.97 0.96 0.97 

4 y 0.95 0.94 0.96 

5 y 0.97 0.96 0.96 

6 y 0.97 0.98 0.96 

7 y 0.98 0.99 0.95 

8 y 0.98 0.97 0.98 

9 y 0.99 0.99 0.98 

10 y 0.98 0.98 0.98 

Supplemental Table: Intraclass Correlation Coefficients for Inner Interorbital Distance 

measurements. 
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PARTIE II  

Long-term longitudinal assessment of interorbital distances after surgical correction of 

hypertelorism. 

 

ABSTRACT 

BACKGROUND 

Orbital hypertelorism, defined by an increased interorbital distance (IOD) greater than 30 mm, 

can be associated with various congenital and tumor-related craniofacial conditions. Surgical 

correction of hypertelorism, which has evolved over decades, faces challenges due to orbital 

growth changes post-operatively. This study aimed to assess the long-term evolution of IOD 

after surgical correction and identify factors that could influence post-operative outcomes. 

MATERIALS and METHODS 

A retrospective analysis was performed on 33 patients treated at the University Hospital Center 

of Tours between 2017 and 2025. Patients who met inclusion criteria (confirmed hypertelorism 

diagnosis, complete clinical data, and pre- and postoperative CT-scans) were included. 

Preoperative and postoperative IOD and lateral orbital distance (LOD) were measured, and 

factors influencing surgical outcomes, were sought. 

RESULTS 

The study included 11 patients aged 8–18 years at the time of surgery, with a mean follow-up 

duration of 6.4 years. Surgical correction of hypertelorism was performed using the following 

techniques: box osteotomies (n=6), facial bipartition (n=3) or frontofacial monobloc 

advancement with facial bipartition (n=2). The mean pre-operative IOD/LOD ratio was 0.33, 

which decreased to 0.27 immediately post-operatively and remained at 0.27 in the late 

postoperative phase. All patients showed a modest resurgence of IOD in the late postoperative 

period, with a mean residual IOD increase of 2 +/- 1.27 mm. In 3 patients, IOD remained 

pathological (>30 mm) during the late post-operative phase. Factors such as the surgical 

technique, underlying aetiology, and age at surgery contributed to the variations in 

postoperative outcomes. 

CONCLUSION 

Surgical correction of orbital hypertelorism yields stable long-term outcomes in most cases, 

with minimal residual growth and only a few cases of pathological relapse. These findings 

support the use of an age-adapted overcorrection strategy, with targets for IOD ranging from 

18–22 mm, depending on the patient's age, to be confirmed by a larger cohort study.  

KEYWORDS: hypertelorism, box osteotomy, facial bipartition, interorbital distance, 

postoperative outcomes. 
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INTRODUCTION  

Orbital hypertelorism, characterized by increased interorbital inner and lateral orbital distances, 

was first described by Greig in 1924.1  Orbital hypertelorism is defined by an interorbital 

distance (IOD) greater than 30 mm. According to Tessier, hypertelorism is classified as mild 

(Grade I) when the IOD measures between 30 and 34 mm, as moderate (Grade II) between 35 

and 39 mm, and as severe (Grade III) when it exceeds 40 mm. 2,3 

Hypertelorism can be associated with a variety of congenital and tumor-related craniofacial 

conditions. The most frequent include craniofrontonasal dysplasia, median and paramedian 

craniofacial clefts, craniosynostosis syndromes such as Crouzon, Apert, and Pfeiffer, as well as 

frontonasoethmoidal tumors and encephaloceles. 2,4  

The management of orbital hypertelorism has been of interest to surgeons since the mid-20th 

century. Paul Tessier described the first surgical corrections in the 1960s, introducing 

craniofacial approaches and craniofacial surgery.2,3,5,6  In the 1970s, Van der Meulen described 

the facial bipartition technique, which allows simultaneous correction of orbital anomalies as 

well as associated maxillary deformities.5 Over the years, surgical strategies have evolved with 

the integration of preoperative 3D planning, virtual surgical simulation, and improved fixation 

methods, leading to safer procedures and more predictable aesthetic outcomes.7,8 

Surgical correction of hypertelorism interfere with orbital growth, and age at surgery for the 

correction of hypertelorism is controversial.9 Regarding literature, orbital hypertelorism 

correction is classically performed from 5 – 8 years of age.10,11 Orbital growth is nearly 

complete around 8 – 10 years of age, with inner interorbital distances reaching nearly 90 % of 

the adult values, at the age of 8 years. 12–14 (Pech de Laclause et al, submitted, 2025). However, 

the amount of overcorrection required to prevent recurrence of hypertelorism following early 

surgical intervention, i.e. before the age of 8 years, remains uncertain and poorly defined. 
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The objective of this study was first to assess late evolution of interorbital distance after surgical 

correction of hypertelorism. Secondly, we aimed to analyse the factors influencing post-

operative outcomes and evolution of interorbital distance. Overall, our work contributes to a 

better understanding of interorbital growth after correction of hypertelorism, for a better 

personalized and aged-adapted surgical planning.   

MATERIALS AND METHODS 

We reviewed the clinical records of 33 patients treated in the Department of Maxillofacial and 

Facial Plastic Surgery at the University Hospital Center of Tours, between 2017 and 2025. We 

reviewed all pre- and postoperative craniofacial CT scans performed in patients who underwent 

surgical correction of hypertelorism in our department, using box osteotomies or facial 

bipartition techniques.  

Participants were included in the study if they met the following inclusion criteria: 

- confirmed diagnosis of orbital hypertelorism, based on clinical and CT-scan analyses; 

- availability of comprehensive clinical data regarding the etiology of hypertelorism and the 

surgical technique used; 

- availability of preoperative, early and late postoperative CT-scans with adequate resolution 

for orbital measurements. A minimum postoperative follow-up period of 3 years was required. 

Factors potentially influencing postoperative outcomes and possible recurrence — including 

age at the time of surgery, etiology of hypertelorism, and any intraoperative or postoperative 

complications — were collected and analyzed. 

The anatomical landmarks used to evaluate interorbital distance were determined as follows, 

according to our previous study (Pech de Laclause et al, submitted, 2025): bony inner 

interorbital distance (IOD), bony lateral orbital distance (LOD) and the IOD/LOD ratio. 

Landmark identification was performed at the neuro-ocular plane, according Cabanis et al.15,16 
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A relapse was defined as a late postoperative increase in interorbital distance reaching 

pathological values, i.e. IOD > 30mm.  

All measurements were performed by the lead author (MPL) to minimize inter-rater variability. 

Each measurement was obtained at least twice, and the mean value was recorded. Image 

processing and measurements were conducted using the Carestream PACS system (Philips 

Healthcare) (Figures 1, 2). 

Statistical analysis  

Mean +/- SD was calculated for IOD, LOD and IOD/LOD ratio.   

Statistical analyses were performed using Excel® using Mann-Whitney test.  

The threshold for statistical significance was set to p<0.05.  

 

This study was approved by the ethical committee of University Hospital Center of Tours (study 

approval n° 2024_105). 

 

 

 

 

 

  

Figure 1: Craniofacial CT-scan, sagittal view. The red line represents the level of neuro-ocular 

plane as described by Cabanis et al.15,16 
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Figure 2: Craniofacial CT-scan, axial view (Cabanis plane). Bony inner interorbital (IOD) and 

bony lateral orbital (LOD) distances.15,16 

 

RESULTS  

A total of 11 patients were included in this retrospective study, comprising 6 females and 5 

males aged between 8 and 18 years old, with a mean age of 11.7 years at the time of the surgery. 

The mean postoperative follow-up duration was 6.4 +/- 1.7 years. The most frequent reason for 

patient’s exclusion was an insufficient postoperative follow-up duration or absence of available 

late postoperative CT-scan.  

Six patients were treated by box osteotomies, three by facial bipartition ans two treated by facial 

bipartition combined with frontofacial monobloc advancement. Decision of surgical approach 

was guided by the presence of associated craniofacial anomalies and individual anatomical 

considerations based on preoperative imaging and multidisciplinary evaluation. 

Regarding underlying diagnoses: 3 patients had syndromic FGFR-related craniosynostosis, 5 

patients were diagnosed with frontonasal dysplasia, 1 patient presented a Tessier 0 – 14 
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craniofacial cleft and 2 patients had a Tessier 1–13 craniofacial cleft. The overall characteristics 

of the study population are summarized in Table 1.  

The mean pre-operative IOD/LOD ratio was 0.33 +/- 0.05, which decreased to 0.27 +/- 0.02 in 

the immediate post-operative period (p <10-4), and remained at 0.27 +/- 0.02 in the late post-

operative phase (p=0.12). (Table 2). 

All operated patients experienced increased IOD values in the late postoperative period, ranging 

from 1% to 14% of the early postoperative IOD values (mean 7%). The late postoperative 

average IOD increase was 2 +/- 1.27 mm when compared with immediate postoperative ones. 

In 3 patients (P5, P7, P10), the late postoperative IOD remained within pathological ranges, i.e 

> 30mm (Figure 3, Figure 4).  

 

Patient Sex Age at 

surgery 

(y) 

Diagnosis Surgical 

technique 

Follow-up 

(y) 

P1 Male 8 Frontonasal 

dysplasia 

Box Osteotomies 6 

P2 Female 8 Tessier 1–13 

craniofacial cleft 

Facial Bipartition 4 

P3 Male 9 Frontonasal 

dysplasia 

Box Osteotomies 6 

P4 Female 9 Tessier 1–13 

craniofacial cleft 

Box Osteotomies 6 

P5 Male 11 Tessier 0–14 

craniofacial cleft 

Facial Bipartition 8 

P6 Female 12 Frontonasal 

dysplasia 

Facial Bipartition 6 

P7 Female 12 Frontonasal 

dysplasia with cleft 

lip and palate 

Box Osteotomies 5 

P8 Male 12 Pfeiffer Syndrome Monobloc + 

Facial Bipartition 

5 

P9 Female 14 Pfeiffer Syndrome Monobloc + 

Facial 

6 
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Bipartition 

P10 Male 16 Apert Syndrome Box osteotomies 10 

P11 Female 18 Frontonasal 

dysplasia 

Box Osteotomies 8 

Table 4: Studied Population characteristics. Y= years. 

 

 

 Pre-operative period Early post-operative period Late post-operative period 

Patient  IOD LOD IOD/LOD 

Ratio 

IOD LOD IOD/LOD 

Ratio 

IOD LOD IOD/LOD 

Ratio 

P1 28.13 93.41 0.30 23.25 88.38 0.26 26.31 94.7 0.28 

P2 35.35 94.35 0.37 18.64 75.83 0.24 21.49 84.52 0.25 

P3 32.5 93.96 0.35 25.35 88.63 0.29 26.4 93.3 0.28 

P4 41.25 100 0.41 23.37 85.91 0.27 25.58 92.23 0.28 

P5 38.91 101.5 0.38 27.77 91.76 0.30 32.32 102 0.32 

P6 32.52 97.52 0.33 23.66 87.63 0.27 26.03 95.25 0.27 

P7 37.94 108 0.35 28 99.38 0.28 30.03 102.5 0.29 

P8 25.6 102.65 0.25 22.47 99.23 0.23 24.47 104.5 0.23 

P9 26.82 102.5 0.26 23.21 95.68 0.24 23.95 96.28 0.25 

P10 37.28 120 0.31 30.28 117 0.26 30.6 119 0.26 

P11 33,11 98,45 0,34 25,38 92,75 0,27 25,89 93,32 0,28 

Table 5: Orbital Distances Evolution in mm. 
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Figure 3: Evolution of the Inner Interorbital Distance. Y = Years.     = preoperative.      = early 

post-operative.       = late post-operative.  

 

 

Figure 4: Evolution of the Inner Interorbital Distance. Y = Years.     = preoperative.      = early 

post-operative.       = late post-operative. 
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Figure 5:  Patient 11 : Frontonasal dysplasia. Pre- (left, age18 years) and post-operative (right, 

age 24 years) facial photographs and 3D CT-scans. 

Figure 6: Patient 4: Tessier 1–13 craniofacial cleft. Pre- (left, age 9 years) and post-operative 

(right, age 15 years) facial photographs and 3D CT-scans. 

Figure 7: Patient 1: Frontonasal dysplasia. Pre- (left, age 8 years) and post-operative (middle, 

age 8 years and right, age 14 years) facial photographs and 3D CT-scans. 

 

DISCUSSION  

This study offers a detailed individual-level analysis of the late evolution of interorbital 

distances after surgical correction of hypertelorism in a cohort of 11 patients with diverse 

craniofacial conditions, over a mean follow-up period of 6.4 ± 1.7 years. Given the 

heterogeneity of the sample — including variability in age, etiology and surgical techniques — 

we chose to focus on IOD/LOD ratios and individual trajectories rather than aggregated means, 

to better capture proportional changes and growth-related variability. 

In 2 patients with syndromic craniosynostosis who required a frontofacial monobloc 

advancement procedure, a surgical reduction of IOD by facial bipartition was performed 

simultaneously although hypertelorism was mild (IOD between 25 and 27 mm). This was 

justified by the necessity for transverse maxillary expansion.7 This reflects a reconstructive 

pragmatism, where orbital correction accompanies broader craniofacial goals. 

All patients showed a marked decrease in the IOD/LOD ratio immediately postoperatively, 

reflecting effective orbital medialization. Preoperative IOD/LOD ratios often exceeded 0.32 

pre-operatively and typically normalized to around 0.27 after surgery. These postoperative 

ratios closely approximate the physiological range observed in normal age-matched 

populations, suggesting that the surgical correction restored near-physiological orbital 

proportions. 13,14 (Pech de Laclause et al, submitted, 2025) 

Although a modest increase in IOD was observed during the late postoperative period, the 
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surgical outcomes remained stable in most patients throughout late childhood and into 

adolescence. 

Pathological relapse—i.e., resurgence of excessive values of IOD—was only observed in 3 of 

11 patients.2 Interestingly, all three cases had grade II hypertelorism—i.e., IOD > 35mm—, 

linked to different underlying aetiologies (syndromic craniosynostosis or facial clefts). Several 

factors may account for these recurrences. First, the method of osteosynthesis and the stability 

of fixation may have played a role in postoperative orbital drift. This was the case of one patient 

of our series (P10), with Apert syndrome which had box osteotomies 5 years after a frontofacial 

monobloc advancement, that was complicated by fronto-orbital bone osteolysis. This could 

have increased peroperative difficulties for orbit medialisation and osteotomies stabilization, 

leading to suboptimal correction.  

Secondly, the management of excess soft tissues and/or redundant bony structures, frequently 

encountered in midline duplication facial clefts or frontonasal dysplasia, is not always 

straightforward. Incomplete resection or remodelling in these cases may limit the extent of 

achievable correction and contribute to postoperative residual hypertelorism. 

Thirdly, incomplete intraoperative correction due to technical limitations or peroperative 

underestimation of IOD reduction to apply may also explain the relapse observed in these 

patients. Surgical correction of hypertelorism involves complex procedures, with a relatively 

long learning curve. Thus, results may be suboptimal in early cases. Over time, the surgical 

team progressively refined its preoperative planning strategies, notably by implementing 

patient-specific surgical planning, including the use of cutting guides and custom-made plates. 

This transition toward personalized surgery likely contributed to improved accuracy of 

osteotomies, better repositioning control, and ultimately more stable and reproducible 

outcomes. 
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Our results align with a critical appraisal of surgical outcomes following orbital hypertelorism 

correction, which distinguishes between true bony relapse and soft tissue telecanthus.18 The 

review underscores that true bony relapse is uncommon but clinically significant, whereas soft 

tissue changes can simulate recurrence. Our study confirms this distinction, as most of patients 

maintained stable bony corrections over time, with only a minority showing pathological 

relapse. Preservation of the medial canthal tendon insertions is critical during osteotomies and 

mobilization, as their disinsertion significantly increases the risk of telecanthus and canthal 

malposition in the postoperative period.  Residual postoperative telecanthus may occur 

following correction of hypertelorism, necessitating a secondary procedure in the form of 

medial canthopexy to achieve satisfactory medial canthal positioning.19 To note, medial 

canthopexy can also be performed at the time of hypertelorism correction, this was the case of 

four patients of our series presenting medial canthal tendon disinsertion.   

Regarding our results, these study supports an age-adapted overcorrection strategy: targeting 

an immediate postoperative IOD of 18–20 mm in patients younger than 8 years and 

approximately 20-22 mm in older children appears prudent. This overcorrection should 

anticipate relapse and promote sustained normalization of orbital proportions during growth.  

This recommendation is supported by normative data showing a significant increase in IOD 

from 21.19 ± 1.54 mm at 7 years to 22.15 ± 1.84 mm at 8 years, reflecting important transverse 

orbital growth during this period. By 8 years, healthy children reach over 90% of adult IOD 

values, underscoring the need for age-specific surgical targets to accommodate ongoing 

craniofacial development.12,14,17 (Pech de Laclause et al, submitted, 2025) 

Medra et al highlighted the controversy surrounding the optimal timing for hypertelorism 

correction.9 They recommended delaying surgery after 6 years of age when possible, to reduce 

relapse risk, unless functional or anatomical indications mandate earlier intervention. In our 

initial practice, surgical correction of hypertelorism was preferentially performed from the age 
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of 8 years onward. However, more recently, we have extended our indications to include select 

complex cases as early as 5–6 years of age, particularly when functional or syndromic factors 

necessitate earlier intervention. These younger patients were not included in the present analysis 

due to insufficient follow-up duration for meaningful postoperative assessment.  

Finally, our detailed longitudinal data analyses offer further insights that complement earlier, 

broader analyses such as those by Marchac and coll., highlighting the value of targeted 

overcorrection strategies adapted to age and growth potential to correct hypertelorism.10 

The main limitation of our retrospective study was the relatively small sample size, constrained 

by strict inclusion criteria requiring long-term follow_up, and high-quality imaging. Extending 

the cohort and lengthening follow-up periods will increase statistical power and enable more 

detailed subgroup analyses by diagnosis and surgical technique, for a better estimation of the 

amount of interorbital distance overcorrection to apply peroperatively, according to age. 

 

 

CONCLUSION 

This study highlights the long-term evolution of interorbital distance after hypertelorism 

surgery. Close long-term follow-up and individualized surgical planning are essential for 

achieving stable, lasting outcomes, particularly in complex cases involving associated 

craniofacial anomalies. Our findings suggest a targeted overcorrection approach, with age-

specific goals. Further studies with larger cohorts and extended follow-up will help refine 

surgical guidelines and enhance patient-specific treatment strategies. 
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CONCLUSION 

Ce travail en deux volets a permis, d'une part, de mieux définir les normes de croissance de la 

distance interorbitaire chez l’enfant caucasien en bonne santé, et d'autre part, d’analyser 

l’évolution à long terme de cette distance après correction chirurgicale de l’hypertélorisme. 

L’étude des données physiologiques de croissance orbitaire offre un référentiel précieux pour 

adapter les objectifs chirurgicaux en fonction de l’âge. L’analyse rétrospective postopératoire 

souligne la stabilité globale des résultats, tout en identifiant des facteurs de récidive potentiels, 

notamment dans les formes complexes. Ces données soutiennent une stratégie de surcorrection 

adaptée à l’âge et à l’étiologie, permettant une planification chirurgicale personnalisée.  
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RESUME  

L’hypertélorisme orbitaire, défini par une augmentation pathologique de la distance interorbitaire, peut 

être isolé ou associé à de multiples syndromes malformatifs. La prise en charge chirurgicale de 

l’hypertélorisme, souvent réalisée avant la fin de la croissance faciale en cas de retentissement 

morphologique important, soulève la question de l’interférence avec le développement orbitaire normal 

et du risque de récidive à long terme. 

L’objectif principal de cette thèse est double : d’une part, il s’agit de définir des valeurs de référence de 

la croissance orbitaire osseuse chez l’enfant caucasien sain ; et d’autre part, d’évaluer l’évolution post-

opératoire de la distance interorbitaire chez des patients opérés d’hypertélorisme orbitaire. 

Pour répondre au premier objectif, une étude morphométrique rétrospective a été menée à partir de 466 

scanners crânio-faciaux réalisés chez des enfants caucasiens âgés de 3 mois à 10 ans. Les distances 

interorbitaires internes (IOD) et latérales (LOD), ainsi que leur ratio (IOD/LOD), ont été mesurées en 

suivant des repères anatomiques standardisés. Les résultats montrent une croissance progressive et 

isométrique des orbites, avec une accélération marquée durant les deux premières années de vie et entre 

7 et 8 ans, passant d’une IOD moyenne de 18,76 mm à 3 mois à 22,79 mm à 10 ans. 

Pour répondre au deuxième objectif, une étude rétrospective, chez des patients opérés d’une chirurgie 

d’hypertélorisme au sein de notre service, a été menée sur la période 2017 – 2025. Les critères 

d’inclusion étaient les suivants : données cliniques et scanographiques disponibles, avec suivi d’au 

moins 3 ans post-opératoires. Deux patients ont bénéficié d’une chirurgie monobloc d’avancée 

frontofaciale associée à une bipartition faciale, trois par une bipartition faciale et six par des box 

ostéotomies. Les distances interorbitaires ont été mesurées sur les scanners préopératoires, en période 

postopératoire immédiate et à distance. Nous avons observé dans notre série, une augmentation de la 

distance interorbitaire en période post-opératoire, suggérant une croissance résiduelle des orbites, sans 

récidive de l’hypertélorisme chez 8 des11 patients. Trois patients présentaient une insuffisance de 

correction de l’hypertélorisme à long terme, en lien avec une réduction per-opératoire de la distance 

interobitaire incomplète.  

Ces résultats contribuent à une meilleure connaissance de l’évolution de la distance interorbitaire au 

cours de la croissance physiologique, et après chirurgie d’hypertélorisme. Au total, la poursuite de ce 

travail avec l’augmentation du nombre de patients opérés d’hypertélorisme inclus dans notre étude, nous 

aidera à mieux adapter les stratégies chirurgicales en fonction de l’âge et de l’étiologie de 

l’hypertélorisme. 
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