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ABSTRACT 

Introduction: Orofacial clefts are one of the most common congenital craniofacial defects 

associated with serious health complications. The aim of any surgical intervention is to 

minimize these health problems in order to achieve the highest possible quality of life 

for patients. A surgical repair of the lip is the first approach, the timing of which varies 

between surgical centres. Due to current advanced medical techniques, this surgery can be 

performed immediately after birth (early neonatal cheiloplasty). This operation can lead 

to an improvement in the occlusion of the dentoalveolar arch, but on the other hand, it may 

have a negative effect on the size or shape of the dentoalveolar arch due to increased tissue 

tension after the procedure.  

Objectives & design of the research: The main objective of this research is to provide a 

comprehensive evaluation of the effect of early neonatal cheiloplasty on the morphology 

and growth of the palate and face in patients with different types of orofacial clefts in 

comparison with normal growth patterns and symmetry in healthy probands. The present 

thesis is divided into two parts to achieve this objective. The first and core part of the thesis 

focuses on palatal and facial development in children with orofacial clefts after early 

neonatal cheiloplasty. The second and complementary part of the thesis deals with the normal 

development of the palate in healthy individuals and the development of directional 

asymmetry in relation to age and sex in a healthy population. 

Materials & methods: This thesis consists of a summary of five publications (Jaklov§ et 

al., 2020; Koģejov§ Jaklov§ et al., 2021; Koģejov§ Jaklov§ et al., 2023a; Koģejov§ Jaklov§ 

et al., 2023b; Harn§dkov§ et al., 2023). These publications are based on the evaluation of 3D 

palatal models (n = 400) and 3D facial scans (n = 509) obtained longitudinally and 

transversely. The present research includes a wide range of probands, including patients with 

various orofacial clefts and healthy individuals of Czech nationality, ranging in age from 

birth to older adulthood (0 to 80 years). The methodology is based on the principles of 

geometric morphometrics and multivariate statistics and was complemented by methods of 

classic morphometrics. 

Results: The results concerning patients with orofacial clefts in early childhood (0 up to 2 

years of age) after early neonatal cheiloplasty are summarized in the first part of the thesis. 

Longitudinal morphometric analyses of dental models of patients with orofacial clefts after 



 

 

early neonatal cheiloplasty show that during the first 12 months of life, the alveolar clefts 

narrowed due to unrestricted anterior palatal growth combined with the shaping effect of 

the suture. During the first 12 months of life, there was also no restriction of palatal growth 

posteriorly or in length, which was consistent with the growth patterns in the healthy 

population or in patients operated on at an average age of three months. The faces of patients 

with orofacial clefts were significantly affected by the presence of the cleft in the first two 

years of life, depending on the severity of the cleft. Patients manifested retrusion of the 

oronasal region and forehead, protrusion of the supraorbital and ocular regions, and anterior 

displacement of the chin compared to controls. There was no progression of deviations with 

increasing age; on the contrary, there was a slight improvement after the first year of life.  

The results focusing on a healthy population from preschool age (6 years) to older adulthood 

(80 years) are presented in the second part of the thesis. The development of a healthy palate 

was non-linear in females, with a break in early puberty (between 10 and 12 years) and 

termination at 15 years, while in males the development of a healthy palate was consistent 

with a duration of at least 19 years. Sexual dimorphism of the healthy palate was evident 

from 15 years of age. Directional asymmetry manifested itself in a similar manner in the 

healthy population in both sexes and in each age category. The faces tended to form a slightly 

convex C-shape of the midline, resulting in a clockwise rotation of the upper face and a 

counterclockwise rotation of the lower face. Sex differences appeared up to the age of 40 

years. 

Conclusions: Comprehensive analysis of the entire 3D palatal and facial surface using 

geometric and classic morphometrics has confirmed that patients with orofacial clefts in 

early childhood after early neonatal cheiloplasty show growth trends comparable to the 

healthy population and patients operated on with standard surgical protocol at an average of 

three months. The results of the present thesis can be applied in clinical practice as part of 

the revision of surgical procedures, diagnosis, and the determination of effective and 

individualized therapy.  

Key words: Orofacial clefts, geometric morphometrics, classic morphometrics, early 

neonatal cheiloplasty, 3D scanning, biomedical anthropology, virtual anthropology, palatal 

growth, facial morphology.  



 

 

ABSTRAKT 

Đvod: Orofaci§ln² rozġtŊpy jsou jednou z nejļastŊjġ²ch vrozenĨch kraniofaci§ln²ch vad, 

kter® se poj² se z§vaģnĨmi zdravotn²mi komplikacemi. C²lem jednotlivĨch operaļn²ch 

z§krokŢ je eliminace ļi minimalizace tŊchto zdravotn²ch probl®mŢ za ¼ļelem dosaģen² co 

nejvyġġ² kvality ģivota pacientŢ. Jako prvn² se pŚistupuje k chirurgick® reparaci rtu, jej²ģ 

naļasov§n² se mezi jednotlivĨmi pracoviġti odliġuje. Vzhledem k souļasnĨm pokroļilĨm 

medic²nskĨm technik§m lze tuto operaci prov§dŊt ihned po narozen² (ļasn§ neonat§ln² 

cheiloplastika). Tato operace mŢģe v®st ke zlepġen² okluze dentoalveol§rn²ho oblouku, na 

druhou stranu vġak mŢģe m²t negativn² dopad na velikost nebo tvar dentoalveol§rn²ho 

oblouku v dŢsledku zvĨġen®ho napŊt² tk§nŊ po z§kroku.  

C²le a koncepce pr§ce: StŊģejn²m c²lem t®to pr§ce je komplexnŊ zhodnotit vliv ļasn® 

neonat§ln² cheiloplastiky na morfologii a rŢst patra a obliļeje u pacientŢ s rŢznĨmi typy 

orofaci§ln²ch rozġtŊpŢ s ohledem na norm§ln² rŢstov® vzorce a symetrii zdravĨch jedincŢ. 

K dosaģen² tohoto c²le je pŚedloģen§ disertaļn² pr§ce rozdŊlena do dvou ļ§st². Prvn² 

a stŊģejn² ļ§st se zamŊŚuje na vĨvoj patra a obliļeje u dŊt² s orofaci§ln²mi rozġtŊpy po ļasn® 

neonat§ln² cheiloplastice. Druh§ a doplŔuj²c² ļ§st pr§ce se zabĨv§ norm§ln²m vĨvojem patra 

u zdravĨch jedincŢ a vĨvojem direkcion§ln² symetrie vzhledem k vŊku a pohlav² u zdrav® 

populace. 

Materi§l a metody: Tato disertaļn² pr§ce sest§v§ ze souhrnu pŊti publikac² (Jaklov§ et al., 

2020; Koģejov§ Jaklov§ et al., 2021; Koģejov§ Jaklov§ et al., 2023a; Koģejov§ Jaklov§ et 

al., 2023b; Harn§dkov§ et al., 2023). Tyto publikace byly zaloģeny na hodnocen² 3D 

patrovĨch modelŢ (n = 400) a povrchovĨch faci§ln²ch 3D skenŢ (n = 509) z²skanĨch 

longitudin§lnŊ i transverz§lnŊ. PrezentovanĨ vĨzkum zahrnoval ġirok® spektrum probandŢ, 

mezi nŊģ patŚili pacienti s rŢznĨmi orofaci§ln²mi rozġtŊpy i zdrav² jedinci ļesk® n§rodnosti, 

a to ve vŊku od narozen² do starġ² dospŊlosti (0 aģ 80 let). Metodologie vych§zela z principŢ 

geometrick® morfometrie a mnohorozmŊrn® statistiky a byla doplnŊna metodami klasick® 

morfometrie.  

VĨsledky: V prvn² ļ§sti pr§ce byly sumarizov§ny vĨsledky tĨkaj²c² se pacientŢ 

s orofaci§ln²mi rozġtŊpy v ran®m dŊtstv² (0 aģ 2 roky) po podstoupen² ļasn® neonat§ln² 

cheiloplastiky. Morfometrick® longitudin§ln² analĨzy dent§ln²ch modelŢ pacientŢ 

s orofaci§ln²mi rozġtŊpy po ļasn® neonat§ln² cheiloplastice uk§zaly, ģe v prŢbŊhu prvn²ch 



 

 

12 mŊs²cŢ ģivota doġlo ke z¼ģen² alveol§rn²ch rozġtŊpŢ v dŢsledku neomezen®ho 

anteriorn²ho rŢstu patra v kombinaci s formuj²c²m efektem sutury. BŊhem prvn²ch 12 mŊs²cŢ 

ģivota se neprok§zalo omezen² rŢstu patra ani posteriorn²m smŊrem, ani do d®lky. Tyto 

rŢstov® tendence odpov²daly rŢstu normy ļi pacientŢ operovanĨch prŢmŊrnŊ ve tŚech 

mŊs²c²ch vŊku. Obliļeje pacientŢ s orofaci§ln²mi rozġtŊpy byly v prvn²ch dvou letech 

vĨznamnŊ ovlivnŊny pŚ²tomnost² rozġtŊpu v z§vislosti na z§vaģnosti vady. Ve srovn§n² 

s kontrolou byla u pacientŢ pozorov§na retruze oronaz§ln² oblasti a ļela, protruze 

supraorbit§ln² a oļn² oblasti a pŚedsunut² brady. S rostouc²m vŊkem vġak nebyla zjiġtŊna 

progrese odchylek, po prvn²m roce ģivota naopak doġlo k m²rn®mu zlepġen² morfologie 

pacientŢ.  

V druh® ļ§sti pr§ce byly pŚedstaveny vĨsledky zamŊŚen® na zdravou populaci 

od pŚedġkoln²ho vŊku (6 let) do starġ² dospŊlosti (80 let). VĨvoj zdrav®ho patra byl u d²vek 

neline§rn², s pŚeruġen²m v ran® pubertŊ (mezi 10 a 12 lety) a s ukonļen²m v 15 letech, 

zat²mco u chlapcŢ byl vĨvoj patra konzistentn² s trv§n²m minim§lnŊ do 19 let. Pohlavn² 

dimorfismus zdrav®ho patra byl patrnĨ od 15 let. Direkcion§ln² asymetrie se ve zdrav® 

populaci projevovala u obou pohlav² a v jednotlivĨch vŊkovĨch kategori²ch podobnĨm 

zpŢsobem. Obliļeje mŊly tendence vytv§Śet m²rnŊ prohnutĨ tvar ĂCñ stŚedn² linie, coģ vedlo 

k natoļen² horn²ho obliļeje ve smŊru hodinovĨch ruļiļek a doln²ho obliļeje proti smŊru 

hodinovĨch ruļiļek. Pohlavn² dimorfismus byl v analyzovan®m vzorku jedincŢ pŚ²tomnĨ 

do 40 let. 

Z§vŊry: Komplexn² analĨza cel®ho povrchu patra a obliļeje metodami geometrick® 

a klasick® morfometrie potvrdila, ģe pacienti s orofaci§ln²mi rozġtŊpy po ļasn® neonat§ln² 

cheiloplastice vykazuj² v ran®m dŊtstv² rŢstov® trendy srovnateln® se zdravou populac² a s 

pacienty operovanĨmi klasickĨm operaļn²m protokolem prŢmŊrnŊ ve tŚech mŊs²c²ch. 

VĨsledky t®to pr§ce lze vyuģ²t v klinick® praxi jako souļ§st revize chirurgickĨch postupŢ, 

diagnostiky a stanoven² ¼ļinn® a individualizovan® terapie. 

Kl²ļov§ slova: Orofaci§ln² rozġtŊpy, geometrick§ morfometrie, klasick§ morfometrie, ļasn§ 

neonat§ln² cheiloplastika, 3D skenov§n², biomedic²nsk§ antropologie, virtu§ln² 

antropologie, rŢst patra, morfologie obliļeje.  
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VPI Velopharyngeal insufficiency 
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1 INTRODUCTION 

Non-syndromic complete or isolated cleft lip and/or palate are different types of orofacial 

malformations that are caused by numerous developmental and environmental factors or a 

combination of these in the prenatal period. These defects are caused by a failure of 

embryonic development between the fourth and sixth gestational week, when the facial or 

palatal segments fail to fuse properly. Types of cleft and their severity vary depending on 

when the failure of the process began and how long it has lasted. The prevalence of orofacial 

clefts in the Czech Republic, based on data collected between 1994 and 2008, is 1 per 600 

live births (Urbanov§, KoŠov§, & VaŔkov§, 2013), although there is significant variation 

with respect to the type or severity of cleft, sex, and other factors. 

Orofacial clefts can potentially be the source of several serious health problems for the 

patients, including hearing problems, insufficiently developed speech ability, and 

complications in the growth and development of facial morphology, which can result in 

asymmetrical or otherwise negatively affected physical appearance. To prevent these health 

issues, both lip and palate surgery are performed without any delay in early childhood. In 

general, cleft surgeries may be performed in several stages over the course of the patientôs 

life: (1) repair of the cleft lip (cheiloplasty), (2) repair of the cleft palate (palatoplasty) in the 

case of patients with a complete cleft, and (3) additional surgeries if necessary (sulcoplasty, 

columelloplasty, secondary revisions of the lips and nose, and others). The timing of 

cheiloplasty is a widely debated topic (e.g., Hammoudeh et al., 2017; Wlodarczyk et al., 

2020), and the exact timing of the procedure is most often determined as a compromise 

between adequate speech development and favourable facial growth (Friede, 2007; 

Wyszynski, 2002).  

The timing of cheiloplasty varies across departments, but the preferred time for surgery is 

between 6 and 12 weeks of age, with surgeons basing their decision on the most appropriate 

time on various factors, such as the newbornôs weight, haemoglobin level, and general health 

condition (Lewin, 1964). The presence of associated anomalies, which may not be apparent 

immediately after birth, is one possible reason for delayed cheiloplasty (Kummer, 2018). 

Medical advances and current modern methods provide the opportunity to expedite the 

timing of lip surgery into the neonatal period (Kondra et al., 2023; Wlodarczyk et al., 2021), 

mainly due to persistent foetal healing that leads to improved scar appearance, positive 
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psychosocial development of patients and their families, positive impact on facial aesthetics, 

earlier breast/bottle feeding, and improved speech and hearing development (BorskĨ, 

Tvrdek, Koz§k, ĻernĨ, & Zach, 2007; Bromley, Rothaus, & Goulian, 1983; Koġkov§ et al., 

2016). On this basis, surgical protocols can be divided into early neonatal cheiloplasty 

(ECH), performed in the first two weeks after birth, and late or standard cheiloplasty (SCH), 

performed at approximately three months of age. 

Improved dental arch occlusion is considered one of the potential benefits of the ECH. In 

children with complete cleft who have undergone early lip surgery, the alveolar cleft gap 

forms in the correct position and closes more quickly due to the early repair of musculus 

orbicularis oris. This process is also aided by the early use of the sucking reflex of the 

newborn during breast/bottle feeding. This combination results in the lip acting as a sphincter 

and the tongue as an obturator (Akin, Ulgen, Gencosmanoglu, & Dogan, 1991). 

Furthermore, it has been confirmed that lip pressure after the ECH acts as a major effector 

of craniofacial growth (Bardach & Morris, 1990; Bardach & Eisbach, 1977; Hoffmannov§ 

et al., 2018; Hoffmannov§ et al., 2016; Huang et al., 2002; Shi & Losee, 2015). 

On the other hand, cheiloplasty may lead to a change in the size and shape of the mandibular 

arch due to increased tissue tension and scarring at the site of surgery; its timing may 

therefore affect the growth of the maxilla in relation to the progressive ossification of the 

bone and the increase in its stiffness (Schweckendiek & Doz, 1978). There is a concern that 

performing cheiloplasty may inhibit maxillary length growth, although the width and height 

of the maxilla, the posterior width of the face, or the length of the mandible are all favourably 

affected by cheiloplasty. 

The presence of orofacial clefts will always manifest itself to a certain extent in the form of 

maxillofacial abnormalities such as lack of growth of the middle face, developmental defects 

of hard and soft tissues, or facial asymmetries (Eppley, van Aalst, Robey, Havlik, & Sadove, 

2005). However, the severity of the facial growth abnormality depends on the extent of the 

original cleft, the growth potential of the individual patient, and the technique of the lip 

surgery, which determines the pressure exerted on the alveolar arch. 

In order to obtain a comprehensive assessment of how and to what extent the ECH affects 

the growth and development of the entire face and its individual parts (palate, maxilla), it is 

essential to understand normal growth patterns (Krimmel et al., 2015). Knowledge of 
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morphological changes in the face or palate that are related to growth and symmetry with 

respect to age and sex is relevant for establishing reference data. Data tracking the 

differences between normality and pathology are crucial for ensuring a correct diagnosis, 

determining accurate treatment, monitoring the effects of post-operative therapy, and more 

(Bell et al., 2014; Matthews et al., 2021). This thesis aims to contribute to a complex 

evaluation of the effect of early neonatal cheiloplasty on the growth and development of the 

palatal and facial surfaces, especially but not exclusively in paediatric patients, with respect 

to normal growth patterns and symmetry in healthy individuals. 

To accomplish this main objective, the research part of the thesis is divided into two sections. 

The first and core part of the thesis is based on three of the authorôs own publications, which 

focus on the development of the palate and face in children with orofacial clefts after early 

neonatal cheiloplasty, using both longitudinal and transversal approaches (Appendices 1ï3). 

This key part of the research builds on longitudinal studies performed at our laboratory 

(Dad§kov§ et al., 2016; Hoffmannov§ et al., 2016, 2018, and others), in which no clinically 

significant negative impact of the ECH was observed. According to these previously 

published studies, it can be stated that a surgically corrected lip has a beneficial effect on 

palatal growth, resulting in the closing of cleft gaps. Considering that the ECH is a soft tissue 

surgery, it is expected that it will have no negative effect on the growth and development of 

the face and palate in either the anterior or posterior directions; in addition, a positive shaping 

effect of the surgery on the development of the dentoalveolar arches is expected. 

The second and complementary part of the thesis focuses on the normal development of the 

palate in healthy individuals and the development of directional asymmetry (DA) with 

respect to age and sex in a healthy population (Appendices 4ï5). This part of the thesis aims 

at understanding the normal developmental principles occurring in the healthy population, 

knowledge of which is part of the complex and effective treatment of patients with orofacial 

clefts. By establishing a baseline against which developmental abnormalities can be 

assessed, areas of the face and palate that appear asymmetrical and that will require more 

consistent treatment can be accurately identified.  
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2 TREATMENT OF OROFACIAL CLEFTS  

This chapter presents an overview of the current state of knowledge of orofacial cleft lip 

and/or palate limited to the latest trends in the treatment, with a focus on early neonatal 

cheiloplasty, its benefits, and possible risks. 

2.1 Current trends in treatment 

Treatment of orofacial clefts is constantly evolving due to more advanced surgical methods, 

technologies, and appropriate multidisciplinary care. Treatment in the Czech Republic has 

developed in several stages after the second world war, which were characterized by the 

postponement of the timing of lip and palate surgeries to a significantly older age than the 

current norm. With increasingly advanced techniques of surgery and anaesthesia, there is 

currently a worldwide trend to operate on patients with cleft as early as possible, ideally 

immediately after birth, with early neonatal cheiloplasty (Hammoudeh et al., 2017; Kondra 

et al., 2023; Ngo et al., 2021; Onah, Amanari, Onwuagha, & Jac-Okereke, 2020; Stanton et 

al., 2023; Wlodarczyk et al., 2020, 2021, 2022).  

A suitable option in certain cases might be in utero cleft surgery, which is currently under 

clinical testing in larger animal models. Improved healing of the mucosal wound and minor 

bone defects without scar formation have been demonstrated in animal models after in utero 

surgery (Oliver et al., 2020; Ozt¿rk, Deveci, Sengezer, & G¿nhan, 2001; Ozt¿rk, Karagoz, 

Zor, Inangil, & Kara, 2016). No limitation of mandibular or maxillary growth has been 

observed, potentially eliminating the need for postnatal corrective procedures. Furthermore, 

in utero therapies can potentially restore the molecular homeostasis required for proper 

growth and fusion of the palatal plates (Oliver et al., 2020). The risk of false-positive results 

in prenatal screening and the subsequent potential compromise of a healthy foetus by a risky 

in utero intervention are reasons to optimize diagnostic techniques first. Only then can in 

utero surgery be implemented in clinical practice to correct orofacial clefts at an earlier stage 

of development (Ozt¿rk et al., 2016). 

Efforts are being made at several institutions to achieve the best possible post-operative 

outcomes by performing simultaneous single-stage surgery in patients with unilateral cleft 

lip and palate. Single-stage surgery is a highly debated intervention, with most studies 

showing favourable results; however, the long-term effects on morphology and anatomy are 
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unknown, and there are therefore concerns about the effect on the craniomaxillofacial growth 

or increased risk of complications (Kantar et al., 2018). Most studies report low rates of 

surgical complications, and no mortality has been described following a single-stage surgery 

(Guneren et al., 2015; Hodges, 2010; Kantar et al., 2018).  

In the context of this thesis, it is interesting to note that single-stage repair at less than 10 

months of age (from 6 weeks to 10 months) has been described by Hodges (2010). The 

results are encouraging, with no significant surgical or anaesthetic complications and only 

8 % of patients requiring a second surgical procedure. However, the problem with this study 

is that the loss of patients during the longitudinal follow-up was very high and accounted for 

up to 40 %, so the longitudinal observation could not be made accurately.  

The effect of single-stage surgery on craniomaxillofacial morphology and growth has been 

studied primarily in patients operated on at an older age (Fudalej, Hortis-Dzierzbicka, 

Dudkiewicz, & Semb, 2009). Comparison of cephalometric data of patients operated on at 

an average age of 8.8 months with healthy controls showed shortening and posterior 

positioning of the maxilla, as well as a reduction in maxillary prominence. The degree of 

abnormalities in craniofacial morphology did not differ between patients who underwent 

single-stage surgery and those who underwent multi-stage surgery (Corbo, Dujardin, de 

Maertelaer, Malevez, & Glineur, 2005; Fudalej et al., 2009). 

Recent trends may positively influence orthodontic and other treatment, which most patients 

with cleft must undergo at an older age. The use of stem cells for hard tissue regeneration in 

the treatment of orofacial clefts in orthodontics and dentofacial orthopaedics is currently 

being widely discussed. Stem cells have the potential to regenerate clefts and to move teeth 

into regenerated areas. The future use of stem cells is aimed at accelerating tooth movement 

or regeneration of resorbed tooth roots (Safari, Mahdian, & Motamedian, 2018). Tissue 

engineering therapies based on the supportive action of three-dimensional (3D) biomaterials 

together with the synergistic action of osteoinductive molecules and recruited stem cells may 

be beneficial for patients with cleft in terms of accelerating bone regeneration (Mart²n-Del-

Campo, Rosales-Iba¶ez, & Rojo, 2019). 

Artificial intelligence (AI) and machine learning methods can be applied in dentistry and 

orthodontics (Mohammad-Rahimi et al., 2021). Examples of the use of AI in this field, such 

as diagnostic imaging, detection of cephalometric landmarks (Hwang et al., 2020), and 
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decision-making on further surgical procedures (e.g., orthognathic surgery) (Choi, 2020), 

are schematically illustrated in Fig. 1. Facial growth anomalies present in patients with cleft 

could be more easily diagnosed using automated cephalometric analysis (Song, Qiao, 

Iwamoto, & Chen, 2020). In addition, AI can estimate future facial aesthetics after surgery. 

  

Figure 1 A scheme of the application of machine learning to provide a diagnosis and accurate treatment plan 

for (not only) patients with cleft. Adapted from Mohammad-Rahimi et al. (2021). 

2.2 Early neonatal cheiloplasty 

In general, cheiloplasty is the first surgery that patients with orofacial clefts undergo. It is 

performed as a suture of the soft tissues of the lip to restore normal function and anatomy 

and to reconstruct the nasolabial area (Cassell, Daniels, & Meyer, 2009). The ECH aims to 

improve feeding, ensure proper speech development, and facilitate the development of the 

Eustachian tube (ET), thereby preventing complications such as otitis media with effusion 

(OME) and achieving excellent aesthetic results (Bitter, 2001; Haque & Alam, 2015). The 

future aesthetic appearance of patients is fundamentally influenced by the extent of 

reconstruction, which varies depending on the severity of the cleft and the timing of surgery. 
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The safest timing of cheiloplasty is a widely debated topic that has been addressed in several 

studies (e.g., Hammoudeh et al., 2017; Valentov§-Stren§ļikov§ et al., 2016). The timing of 

the ECH may vary depending on the specific surgical practices followed by each hospital 

and on the preferences of the surgeon. The preference to postpone lip surgery often stems 

from the historical rule of 10 established in the publication by Wilhelmsen & Musgrave 

(1966), which describes a fivefold higher rate of post-operative complications in patients 

who do not meet this rule. Over the past 50 years, significant progress has been made in 

methods of prenatal screening for orofacial clefts and potential associated anomalies; and 

advances in neonatal anaesthesia have allowed lip surgery to be performed at an earlier age 

(Harris, Oliver, Slater, Murdoch, & Moss, 2010). In light of these advances, further studies 

are needed to help to resolve the question of the most effective timing of the surgery.  

The ECH is the method of first choice at several institutions in the Czech Republic, primarily 

due to its benefits, which include favourable aesthetic and healing results, positive 

psychosocial impact on the individuals and their families, acceleration of enteral nutrition, 

including breastfeeding, as well as the shaping effect on the alveolar segments, reduced time 

of hospitalization, minimization of artificial pulmonary ventilation, and others.  

In favour of the ECH, no higher rate of morbidity or post-operative complications has been 

observed in infants with isolated cleft lip (CL) who underwent early surgery (in the first three 

weeks of life) compared to the group who underwent later cheiloplasty between three weeks 

and three months (Stanton et al., 2023; Weatherley-White, Kuehn, Mirrett, Gilman, & 

Weatherley-White, 1987; Wlodarczyk et al., 2022). A study by Stanton et al. (2023) evaluates 

the efficacy and safety of the ECH compared to traditional lip repair. It has been found that 

the two surgical protocols studied are not significantly different in terms of neonatal 

mortality within 30 days after surgery, post-operative dehiscence rates, and post-operative 

bleeding complications; however, the ECH has a significantly longer operative time. Despite 

these positive findings, further studies are needed to assess the long-term effects of surgery 

on individual development. It should also be considered that the study only involves the least 

severe cleft (unilateral CL), whereas the rate of post-operative complications is closely 

related to the severity of the cleft, and a higher incidence of wound separation can be 

observed in the most severe bilateral cleft lip and palate (BCLP). The rate of respiratory 

complications does not differ even after considering the severity of cleft. 
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The aesthetic result, including the appearance of the scar, is a crucial parameter in evaluating 

the outcomes of cheiloplasty. The ECH takes advantage of the neonatal plasticity that is 

present shortly after birth. This plasticity, based on higher levels of oestrogen during the 

neonatal period, results in flexibility of both hard and soft tissues and leads to better wound 

healing, less visible scarring, and better nasal cartilage formation (Hammoudeh et al., 2017; 

Roohani et al., 2023). According to several studies, the aesthetic results with revision 

frequency can be compared to the traditional surgical protocol in terms of scar appearance, 

overall facial attractiveness and symmetry, or the need for secondary revisions (Goodacre, 

Hentges, Moss, Short, & Murray, 2004; Roohani et al., 2023). Nevertheless, further research 

and longitudinal comparison of patients operated on early versus traditionally at three to six 

months of age, including post-operative outcomes and anthropometric symmetry, are 

needed. Although the ECH carries no greater risk than later surgery, it is essential that it is 

performed by an experienced surgeon, with a thorough pre- and post-operative evaluation. 

2.3 Benefits and risks of early neonatal cheiloplasty 

Early neonatal cheiloplasty offers several benefits and is widely accepted as safe. This 

subchapter emphasizes the importance of the ECH in achieving optimal outcomes in children 

born with clefts but also mentions its rare risks, which a multidisciplinary team of experts 

seeks to minimize.  

2.3.1 Scar healing and aesthetic outcomes 

One of the most common complications of cheiloplasty is the presence of a hypertrophic 

scar, which can be a major indication for secondary corrections (Fearmonti, Bond, Erdmann, 

& Levinson, 2010). Excellent aesthetic results regarding the post-operative scar have been 

observed after early neonatal cheiloplasty, as shown in Fig. 2 (BorskĨ et al., 2012; Stanton 

et al., 2023; Wlodarczyk et al., 2022). Evaluation of scar healing shows faster maturation in 

children operated neonatally (3 to 4 days) compared to the later cheiloplasty at the age of 

three months (Mateu et al., 2016; Ģivicov§ et al., 2017). After eight months up to one year 

of life, the scar is completely healed and almost invisible (BorskĨ et al., 2012). This is 

assumed to be due to persistent foetal wound healing, which is based on a different 

immunological principle than postnatal wound healing and is much faster. Fibroblasts and 

keratinocytes also play an important role in scar healing. They differ from the cells of older 
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infants, and this difference accelerates scar healing after the ECH compared to the SCH 

(Ģivicov§ et al., 2017).  

Early studies revealed no significant difference in aesthetic quality or attractiveness of the 

scar when comparing groups operated on early and late (Goodacre et al., 2004; Weatherley-

White et al., 1987). Recent studies have however repeatedly concluded that the ECH not 

only achieves a good aesthetic appearance of the scar, but its outcomes also include lip and 

nasal septum symmetry and a possible reduction of secondary corrections later in life 

(BorskĨ et al., 2007; BorskĨ et al., 2012; McHeik, Sfalli, Bondonny, & Levard, 2006; 

Wlodarczyk et al., 2022).  

 

Figure 2 Aesthetic results in patients with complete cleft (BCLP and UCLP) two to three years after early 

neonatal cheiloplasty. The source of the images is a private database of MUDr. JiŚ² BorskĨ, Ph.D.  

A relatively little discussed but essential benefit in the recent literature is the increased 

pliability of neonatal cartilage after the ECH, which can be used to restore a more 

physiological and symmetrical nasal morphology (Flores & Shetye, 2019; Hammoudeh et 

al., 2017). This increased plasticity is caused by the overproduction of hyaluronic acid and 

transforming growth factor-ɓ in response to the increased levels of circulating maternal 

oestrogens (Goel et al., 2019; Petr§ļkov§ et al., 2015). Several authors therefore argue that 

the ECH can achieve the same plasticity to sculpt a more symmetrical nostril and alveolus, 
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as seen in nasoalveolar moulding pre-treatment and standard lip repair at three up to six 

months (Attiguppe et al., 2016; Wlodarczyk et al., 2022). This argument is supported in the 

case of Wlodarczyk et al. (2022) by image documentation showing patients in the pre- and 

post- operative states, as reproduced in Fig. 3. 

 

Figure 3 Pre-operative (12 days of life) and post-operative (19 months of life) state of patient with UCLP after 

the ECH at the age of 18 days (Wlodarczyk et al., 2022).  

2.3.2 Psychosocial well-being and parental bonding 

A visible cleft or post-operative scar on the face has a significant impact on the individualôs 

psychosocial well-being, including self-esteem, body image perception, and social 

interactions in adulthood. The ECH offers the opportunity to normalize facial appearance 

and aesthetics at a very early stage, leading to a positive psychological impact on the child 

and their family later in life. 

The birth of a child with orofacial cleft is a major psychological burden for the whole family, 

which is significantly higher compared to parents of healthy children, especially in terms of 

parental depression and demands on the child. It may be associated with adverse effects in 

terms of parental attachment or even rejection of the newborn (Borghini et al., 2018; Johns, 

Hershfield, Seifu, & Haynes, 2018; Lentge et al., 2022). Van Horne et al. (2018), analysing 

the situation in Texas, report that children with cleft have a higher prevalence of child abuse 

(in the sense of neglect of supervision or medical care) compared to children with other 

congenital syndromes. In addition, cleft lip and palate has a significant negative impact on 
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the motherôs emotional relationship with her child, possibly due to the visual aspects of the 

condition (Boztepe, Ay, Kerimoĵlu Yēldēz, & ¢ēnar, 2016), and can lead to impaired 

motherï child relationships and early bonding (Borghini et al., 2018).  

These negative consequences can be partially mitigated by early diagnosis of the cleft, which 

allows the parents time for mental preparation, including professional counselling 

(Davalbhakta & Hall, 2000). Although prenatal detection is continuously improving, early 

diagnosis of orofacial clefts is still a challenge, and some studies report that only about 32 % 

of parents or even less were informed about the manifestation of cleft lip and palate in the 

foetus (Robbins et al., 2010; Scheller et al., 2020). Scheller et al. (2020) report that most 

parents are informed about the presence of a cleft in a newborn at the time of birth, which is 

a very critical time for the mother and the least appropriate time in terms of psychological 

consequences. The negative impact on parents is greater depending on the severity of the 

cleft and the length of treatment, and it is always advisable to initiate early intervention by 

clinical psychologists as soon as the child is born (Wehby & Cassell, 2010; Lengthe et al., 

2022).  

The decision to proceed with surgery should consider the creation of a supportive 

environment for early motherï child bonding, which is crucial for the future psychosocial 

development of the individual and is primarily influenced by the timing of surgery. The ECH 

ensures that parents leave the hospital with a healthy-looking infant whose scar is healed and 

who can be fed more easily due to a functioning sucking reflex. It is therefore argued that 

early surgery has an irreplaceable effect on the motherôs psychological well-being and the 

childôs integration into the family (McHeik et al., 2006; Tsuchiya et al., 2019).  

Although some studies find no significant differences in the psychological well-being of 

mothers of infants operated on neonatally and mothers of children operated on at three 

months of age or later (Slade, Emerson, & Freedlander, 1999), the preferences of the parents 

and their informed decision about the timing of surgery should be taken into account. The 

ECH is also the preferred choice of most families because children operated on neonatally 

perform better in self-assessment compared to children who undergo a later surgery 

(Petr§ļkov§ et al., 2015).  
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2.3.3 Improved feeding and nutritional status  

The American Cleft PalateïCraniofacial Association considers the nutrition of infants with 

orofacial cleft to be a major topic. Cleft lip and palate impairs an infantôs sucking reflex due 

to inadequate intraoral pressure and the inability to stabilize the papilla mammae or feeding 

bottle in the mouth, leading to difficulties with food intake and subsequent weight loss 

(Boyce, Reilly, Skeat, & Cahir, 2019). Patients have difficulty generating the intraoral 

pressure during feeding because the oral cavity is partially connected to the nasal cavity 

(Reid, Reilly, & Kilpatrick, 2007). Due to the insufficient pressure, patients are at risk for 

nasal regurgitation, excessive air intake, coughing, reflux, prolonged breastfeeding time, and 

inadequate milk transfer (Agarwal, Rana, & Shafi, 2010; Kaye et al., 2017). The severity of 

the problems depends on the type of cleft and the initial size of the cleft (Reid, 2004). 

The ECH helps to restore lip function, creates suitable conditions for sucking, reduces the 

risk of aspiration, and improves food intake. Breastfeeding is the preferred method of feeding 

infants after the ECH because of its proven nutritional, psychological, and immunological 

benefits for children and mothers. No post-operative complications or changes in scar 

appearance have been demonstrated in breastfed infants (Cohen, Marschall, & Schafer, 

1992). Breastfeeding, unlike alternative feeding methods (e.g., syringe feeding and others), 

does not interfere with wound healing and can therefore be initiated immediately after 

surgery (Matsunaka, Ueki, & Makimoto, 2019). The positive effect of breastfeeding has also 

been confirmed in terms of weight gain in newborns compared to infants fed by alternative 

methods (Bessell et al., 2011; Weatherley-White et al., 1987). Regarding weight gain in 

general, a study by Kondra et al. (2023) evaluates weight gain after the ECH and the SCH. 

Patients who underwent early surgery had significantly greater weight gain from surgery to 

24 months post-operatively compared to patients who underwent later surgery supplemented 

with nasoalveolar moulding. The results suggest that the ECH may alleviate feeding 

difficulties and reduce malnutrition in children with orofacial cleft. 

On the other hand, there are concerns that the ECH may cause a delay in the initiation of 

breastfeeding and that disruption of skin-to-skin contact may also reduce breastfeeding rates 

(Moore, Bergman, Anderson, & Medley, 2016). This is contradicted by a study by Burianov§ 

et al. (2020), who found that differences in the length of surgery, artificial lung ventilation, 

and hospital stay did not have a significant effect on breastfeeding rates in neonates after the 
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ECH. However, the study highlights that a positive breastfeeding policy in hospitals is very 

important for breastfeeding rates.  

A study by Darzi, Chowdri, & Bhat (1996) reports that the weight gain of breastfed infants 

after cheiloplasty was no greater than that of healthy children. However, all the benefits of 

breastfeeding still apply, and it should also be considered that breastfeeding is the most 

economical method of feeding compared to alternative methods. 

2.3.4 Improved speech and hearing development 

Patients with complete cleft lip and palate have a 97 % incidence of conductive hearing 

defects related to middle ear pathology, with the majority developing otitis media with 

effusion before the first year of life (Kuo, Lien, Chu, & Shiao, 2013). The hearing defect 

results from abnormal function of the Eustachian tube due to malposition of the tensor veli 

palatini and levator veli palatini muscles, as illustrated in Fig. 4. The ET is unable to equalize 

the pressure in the middle ear cavity and drain secretions, resulting in middle ear effusion 

(Heidsieck, Smarius, Oomen, & Breugem, 2016; Jurovļ²k et al., 2020). Patients are at risk 

of eardrum perforation, tympanosclerosis, congestion, chronic otitis media, and other defects 

due to the ET and muscle dysfunction (Berryhill, 2016; Kim, 2023). The most significant 

complication is varying degrees of hearing loss, which is more severe in association with the 

OME due to the higher viscosity of middle ear secretions, which transduce sound less 

efficiently (Flynn, Mºller, Jºnsson, & Lohmander, 2009; Jurovļ²k et al., 2020). Hearing loss 

should be prevented because it negatively affects the patientôs quality of life, and impaired 

hearing, speech, and communication skills lead to psychosocial problems and impaired 

social skills (Chapman, 2011; Heidsieck et al., 2016; Sousa, Devare, & Ghanshani, 2009). 

Technological advances in the surgical field facilitate the management of the OME with the 

collaboration of a paediatric otolaryngologist, plastic surgeon, and speech and language 

therapist (Chang et al., 2022; Schoenbrunner et al., 2017; Torrecillas et al., 2021). The 

multidisciplinary team must focus on middle ear ventilation during the surgery as some 

patients are at post-operative risk of developing the OME (Sharma & Nanda, 2009). The 

American Academy of OtolaryngologyïHead and Neck Surgery Foundation proposed the 

use of a ventilation tube to manage the OME in children at high risk of complications (Felton, 

Lee, Balumuka, Arneja, & Chadha, 2018; Song et al., 2021). This procedure helps to 

eliminate the middle ear vacuum and allows the accumulated effusion to be drained out of 
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the ET, thus preventing inflammation and the formation of the OME (Sharma & Nanda, 

2009). However, the timing of this procedure is unclear (either at the same time as the 

surgical repair of the palate or later, after the onset of early symptoms of the OME). There 

is also controversy as to whether the procedure is associated with secondary infections, the 

ET displacement, or other complications (Felton et al., 2018).  

The aim of specialized departments in the Czech Republic is to detect the first signs of the 

OME during the first lip surgery in early childhood, ideally in the neonatal period. 

Otoacoustic emissions, standard 226 Hz, and high-frequency 1 000 Hz tympanometry are 

performed before the ECH. If middle ear secretion is suspected, otomicroscopy with 

paracentesis followed by aspiration of secretion is performed in indicated cases (Jurovļ²k et 

al., 2020). At the same time, the concentration of hyaluronic acid in the middle ear secretion 

is determined, which can be an indicator of the severity of the defect, as the lowest values 

are often found in patients with an unfavourable course of the defect (Kotaġka et al., 2021). 

 

Figure 4 Condition of the Eustachian tube orifice on the non-split side (left) and cleft side (right). The figure 

is modified according to Jurovļ²k et al. (2020).  

Speech and language development is negatively affected by velopharyngeal insufficiency 

(VPI), which can occur in some cases after palatal surgery due to a secondary dysfunctional 

velum, short velum, or oronasal fistula that prevents closure of the velopharyngeal port and 

causes problems with speech production (Mildinhall, 2012). 

The VPI is the cause of secondary speech problems, including speech delay in most cases 

with complete cleft or isolated cleft palate. In addition, a study by Boyce, Kilpatrick, Reilly, 

Da Costa, & Morgan (2018) found that up to 80 % of individuals with submucous cleft palate 

suffered from the same speech disorders as individuals with other types of cleft. Their speech 
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is characterized by increased nasal resonance (hypernasality), nasal air emissions, or passive 

articulation.  

Prevention of the VPI and other post-operative complications, such as a palatal fistula, can 

be achieved by an appropriate choice of the type and timing of surgical repair, by surgeon 

experience, or by exclusion of the presence of craniofacial and other syndromes (Landheer, 

Breugem, & Van Der Molen, 2010). Eliason, Hadford, Green, & Reeves (2020) compared 

the incidence of the VPI between early palatal surgery (performed before six months of age) 

and later palatal surgery (performed at six months of age and later) and found that the 

development of the VPI was not significantly different between these surgical protocols. 

However, it was reported in this study that palatal fistula formation was significantly faster 

in early repairs and that the incidence of the VPI was more likely in patients with post-

operative fistula formation than in those who healed without it. 

Several studies considered pre-operative cleft width and its effect on the incidence of the 

VPI after palatal surgery (Landheer et al., 2010). Increased cleft width prior to palatal surgery 

was found to be a significant risk factor for the development of the VPI; however, this is 

likely because surgery of wide clefts may result in a shortening of the soft palate, which is 

associated with loss of physiological motor function. According to Parwaz et al. (2009), 

other palatal dimensions (e.g., posterior arch width, width between palatal plates) should be 

monitored to provide comprehensive information about the extent of the cleft.  

One of the manifestations of impaired communication ability due to orofacial cleft is ñcleft 

palate speechò (in Czech ñpalatol§lieò, less well known in the English literature as 

ñpalatolaliaò). The results of several studies indicated that the palate of patients with cleft 

palate speech showed typical characteristics such as greater width, less arching, and 

deepening in the anterior part of the palate (Hamtilov§, 2011; Nishikubo, Hirahara, Gomi, 

Nozoe, & Nakamura, 2009). Other studies reported a lower palatal height in patients with 

speech disorders or shortening in the anterior or posterior palatal region (Nishikubo et al., 

2009; Okazaki, Kato, & Onizuka, 1991). Brunner, Fuchs, & Perrier (2009) found that 

individuals with a lower and shallower palate had lower articulation variability. The results 

of these studies conclude that the shape and morphology of the palate may be involved in 

the progression of cleft palate speech in addition to the VPI and other factors. 
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Assessing speech and language development in different age groups during childhood is very 

challenging because it is a longitudinal process that needs to be carefully monitored over a 

long period of time. It should be kept in mind that speech development at any age is 

influenced by many different factors. However, some recent studies have analysed the 

speech and language abilities of preschool children with non-syndromic cleft lip and palate. 

It was showed that children at preschool age had poorer speech articulation skills compared 

to their peers of the same age (Chapman, 2011). No significant differences in speech abilities 

between a group of patients and healthy children at the age of five years was demonstrated 

in other studies, suggesting that young children catch up with their peers in speech skills as 

they grow (Boyce et al., 2018).  

2.3.5 Neurotoxicity of anaesthetics 

Several studies have demonstrated a severe neurotoxic effect of anaesthesia on the brain and 

cognitive function of animals following neonatal exposure to anaesthetics (Loepke, 

McGowan, & Soriano, 2008). This raises a number of concerns about the use of anaesthetics 

in early infancy, given their unclear neurological effects and possible impact on 

neurodevelopment or behaviour in patients.  

Expert opinions on the issue of neonatal anaesthesia vary; however, most researchers agree 

that the period of higher susceptibility to neurotoxic damage can last up to three years of age 

(e.g., Sun, 2010). A study by DiMaggio et al. (2009) reported that the incidence of 

developmental or behavioural disorders in children who underwent general anaesthesia 

before the age of three years was twice as high as in the control group. However, it is not 

certain that the significant differences were caused by the application of anaesthesia in early 

childhood. The degree of neurotoxicity of anaesthesia also depends on the number of 

repetitions, the length of each procedure, and the type of anaesthetic used. For example, the 

risk of learning disabilities has been found to increase with the number of general 

anaesthetics administered and the duration of anaesthesia (Wilder et al., 2009). 

To the best of our knowledge, the negative effect of anaesthetics in early childhood has not 

been confirmed in humans so far (Hansen et al., 2011; Vutskits, Davis, & Hansen, 2012); 

not even in a twin study, where unexposed twins showed more cognitive problems than 

exposed twins. Regarding intelligence quotient, no significant difference was found in 

children aged three to seven years who had undergone the ECH (Petr§ļkov§ et al., 2015). 



31 

 

Moreover, as shown by the results from the first 100 patients operated on using the early 

surgery protocol (Wlodarczyk et al., 2022), the ECH was associated with anaesthesiological 

complications comparable to standard surgery.  

A new anaesthesia protocol that seeks to minimize potentially neurotoxic and proapoptotic 

agents was described by Wlodarczyk et al. (2022). Neonates who underwent the ECH were 

divided into two groups, with one group receiving standard anaesthesia, while the other 

group received dexmedetomidine-based anaesthesia. There was no significant difference 

between the two groups in terms of anaesthesia time, complication rates, or side effects. 

In conclusion, when newborns are gestationally mature and in excellent health, then the ECH 

under current medical conditions and with modern anaesthetic techniques is not associated 

with an increase in complications after exposure to anaesthetic agents (Stephens, Saunders, 

& Bingham, 1997, Wlodarczyk et al., 2022). It should be remembered that neonates face a 

greater risk of hypoxia, apnoea, and respiratory complications following anaesthesia and 

therefore consistent post-operative care is essential. Even more stringent and consistent post-

operative care applies to premature neonates (Steward, 1982). 

2.4 Surgical protocols in the Czech Republic 

All patients in this thesis were treated using a modified Tennison method (see Fig. 5 for 

patients with UCLP) or the Veau method (see Fig. 6 for patients with BCLP). Compared to 

the original Tennison method, the modification used two mucosal lobes that were obtained 

by folding the cleft margin. The lobes were used to deepen the atrium and the bottom of the 

nasal cavity and the upper oral vestibule. In BCLP, two lobes were elevated on the premaxilla 

side and used to deepen the upper oral vestibule. In severe clefts, the nasal cartilage on the 

cleft side was released and the nasal cavity was corrected by adjusting its position and shape. 

In the final stage of the operation, the cleft was closed using soft tissue.  
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Figure 5 Scheme of the modified Tennison method for UCLP (left-sided). (1) Condition before surgery. (2, 3) 

The VL mucosal lobe was used to deepen the vestibule, the NL mucosal lobe was used to deepen the base and 

bottom of the nasal cavity. (4) Post-operative condition. Adapted from BorskĨ (2014). 

 

Figure 6 Scheme of the modified Veau method for patients with BCLP. (1) Condition before surgery. (2, 3) 

The VL1 and VL2 mucosal lobes were used to deepen the upper oral vestibule; the NL1 and NL2 mucosal 
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lobes were used to repair the nasal base and lateral side of the nose. (4) Post-operative condition. Adapted from 

BorskĨ (2014).  

The institutional protocol included general anaesthesia with inhaled sevoflurane combined 

with intravenous sufentanil and midazolam. After administering general anaesthesia and 

securing the airway, dental casts were made. The protocol included high-frequency 

tympanometry and otoacoustic emission determination to prevent irreversible hearing 

damage. If the presence of middle ear fluid was detected, a tympanotomy was performed 

under a microscope, followed by analysis of middle ear secretions (Fig. 7).  

 

Figure 7 Middle ear secretion on day three after birth. Adapted from Jurovļ²k et al. (2020). 

More detailed information regarding the chosen surgical protocol is available in BorskĨ et 

al. (2007, 2012) or Koģejov§ Jaklov§ et al. (2021).  
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3 GROWTH AND DEVELOPMENT OF THE FACE AND PALATE 

IN PATIENTS WITH OROFACIAL CLEFT 

Each surgical procedure performed on patients with orofacial cleft has a significant impact 

on facial growth. This chapter focuses on the effect of early neonatal cheiloplasty on the 

growth and development of the face and palate. In addition, the ECH may have an 

irreplaceable effect on future dental development. The present research aims to address the 

impact of the ECH in early childhood, as it is difficult to distinguish the influence of different 

surgical procedures that patients undergo at later ages (e.g., palatoplasty and others). 

3.1 Craniomaxillofacial abnormalities in patients with cleft 

Patients with cleft lip and palate exhibit noticeable maxillofacial asymmetries and 

abnormalities, such as middle face growth deficiency or developmental defects of soft and 

hard tissues, mainly in the nasomaxillary complex (Eppley et al., 2005; Khanna, Tikku, 

Verma, Verma, & Dwivedi, 2020). Internal developmental defects, secondary functional 

disorders due to the presence of cleft, hereditary characteristics and genetic influences on 

the size and shape of structures, iatrogenic factors following surgical treatment, or a 

combination of the above are considered to be possible aetiologies of maxillofacial 

deformities (Khanna et al., 2020; Ye et al., 2015). 

Based on the available knowledge, approximately six core skeletal abnormalities have been 

identified that develop gradually in patients with cleft from early childhood to adulthood 

(Fig. 8) (Ġmahel & M¿llerov§, 2000). These include a shortening of the maxillary length 

with a subsequent retrusion and the associated shortening of the overall length of the middle 

face with a reduction in the sagittal plane caused by maxillary hypoplasia and the iatrogenic 

effect of surgery (Khanna et al., 2020; Mßlsted & Dahl, 1990; Ġmahel, HradiskĨ, & 

M¿llerov§, 1999). Another problem is the positional deviations of the maxilla, which include 

dentoalveolar retroinclination and posterior displacement of the maxilla against the cranial 

base. The posterior position of the maxilla is attributed to altered functional matrices and 

tensile effects due to fibrosis after soft palate surgery (Bishara, de Arrendondo, Vales, & 

Jakobsen, 1985; Capelozza Filho, Correa Normando, & Da Silva Filho, 1996; Khanna et al., 

2020). The question of whether the maxillary retrusion results from lip or palatal surgery is 

still unresolved. Capelozza Filho et al. (1996) attribute the significance primarily to lip 

surgery, which is in contradiction with other studies (e.g., Mars & Houston, 1990). The 
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severity of dentoalveolar deformities depends on the relationship of the maxilla and the 

mandible relative to the skull base (Liberton et al., 2020). The maxilla is pushed down 

relative to the cranial base and the mandible, which disturbs the relationship of the upper 

and lower jaw in the sagittal plane and results in an inverted bite or an edge-to-edge bite 

(Dahl, 1970; Ġmahel & Brejcha, 1985; Ġmahel & M¿llerov§, 2000; Liberton et al., 2020). 

The maxilla is also shortened in the vertical direction (Ġmahel et al., 2003). 

Several morphological abnormalities are related to mandibular growth insufficiency, which 

is manifested by a shortening of the corpus mandibulae and rami mandibulae (Ġmahel & 

M¿llerov§, 2000; Khanna et al., 2020; Swennen et al., 2004; Zheng, Fang, & Lin, 2016). 

Several research studies have reported that the mandible is also positioned more posteriorly 

relative to the cranial base (Mßlsted & Dahl, 1990). Morphological variations of the 

mandible may be explained by scarring that disrupts the orbicularis oris muscle (Khanna et 

al., 2020). Insufficient growth of the mandible causes a more open gonial angle, which 

promotes disruption of inter-jaw relations (Ġmahel & Brejcha, 1983). This is compensated 

by the formation of a sharp angle of the chin and the extension of the front facial height and 

the front dental height (Ġmahel &M¿llerov§, 2000). 

The reduction of the upper facial height is caused by the limitation of vertical growth and 

narrowing of the upper dentoalveolar arch, which may be caused by scar tension and palatal 

pro-ossification as a result of palatoplasty, or primary growth insufficiency, malposition, and 

flatter morphology of the dental arch in the cleft area, among others (Ġmahel & M¿llerov§, 

2000; Mars & Houston, 1990; Ye et al, 2013; Shi & Loose, 2015). Patients with cleft also 

suffer from soft tissue abnormalities such as a reduction in the height of the upper lip, a 

reduction in the width (thickness) of the lip, a widening of the nose, a narrowing of the lips, 

or some degree of asymmetry in the face or oronasal region.  

The morphological abnormalities in patients with cleft are not limited to the maxillofacial 

region, but some studies have reported a reduction in cervical spine curvature in patients 

with UCLP due to a shortening of the cervical vertebrae (Srivastava et al., 2014). Other 

abnormalities are evident in the cranial base, which is progressively shortened in overall 

length and anterior cranial base length compared to individuals without cleft (Khanna et al., 

2020; Zheng et al., 2016) and also shows a tendency to flatten (Mßlsted & Dahl, 1990). 

Further abnormalities have been described in the orbital region, the nasopharynx, the 
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philtrum, and elsewhere. However, these abnormalities are without major clinical 

significance. 

It is assumed that these core skeletal abnormalities do not have the same origin and are either 

caused by surgical intervention (palatal deviations) or are of prenatal origin (reduction in the 

maxillary height and its displacement, insufficient growth of the mandible) (Ġmahel & 

M¿llerov§, 2000; Zheng et al., 2016). 

 

Figure 8 Schematic representation of core skeletal abnormalities (1ï5) in patients with cleft. Modified 

according to Ġmahel & M¿llerov§ (2000). 

Patients with orofacial cleft, especially those with unilateral cleft lip (UCL), unilateral cleft 

lip and palate (UCLP), and unilateral cleft lip, palate, and alveolus (UCLA), are 

characterized by a patterned defect in the soft and hard tissues of the face, which manifests 

as asymmetry (Bell et al., 2014; Bugaighis, Mattick, Tiddeman, & Hobson, 2014a). To 

identify patterns of asymmetry in patients with cleft, it is necessary to compare their faces 

with healthy controls to determine which area of the face appears most asymmetrical. This 

was performed in the study by Kuijpers et al. (2015), where the chin was identified as the 

most asymmetrical area in healthy individuals in pre-pubertal age. The nasolabial region was 
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the most asymmetrical area in the group with unilateral clefts (UCL, UCLP, UCLA), similar 

to other studies (Ayoub et al., 2011; Bell et al., 2014; Hood, Bock, Hosey, Bowman, & 

Ayoub, 2003). Due to the disruption of the perioral and perinasal muscles attached to the 

nasal septum, the nose and philtrum were deviated towards the non-cleft side (Campbell, 

Costello, & Ruiz, 2010). The upper lip was vertically shortened on the cleft side and, together 

with the nose and oronasal region, it exhibited asymmetry in the posterior direction on the 

cleft side, which was due to the lack of bony support of the hypoplastic maxilla on the 

affected side (Al-Rudainy, Ju, Mehendale, & Ayoub, 2018). 

Asymmetries in the nasolabial region decrease with age, and patients around eight to ten 

years old begin to resemble their healthy peers (Ayoub et al., 2011; Kuijpers et al., 2015). A 

visible asymmetry of the entire face in patients with unilateral clefts was also evident before 

undergoing orthodontic treatment and alveolar bone grafting. According to Nollet et al. 

(2008) and Kuijpers et al. (2015), it may be an anatomical defect of the facial tissues and not 

the surgery that causes the facial asymmetry. Surgeries, on the other hand, have the potential 

to improve facial asymmetry, especially when the lip and soft palate closure is involved 

(Nollet et al., 2008). According to the findings of Al-Rudainy et al. (2018), lip repair helped 

to resolve the asymmetry in the vertical direction and to a certain extent in the anteroposterior 

direction, and the modified Millard method of cheiloplasty was involved in improving the 

vertical shortening of the upper lip. Nevertheless, a deficit in the anteroposterior prominence 

of the cleft side was noted, which may be caused by genetic growth deficiency, elevation of 

the upper lateral nasal muscles, or a combination. 

3.2 Effect of early neonatal cheiloplasty on palatal growth  

The severity of any maxillofacial abnormalities is influenced by many factors, including the 

initial extent of the cleft, the surgical technique used (standard or early surgical protocol), or 

the associated pressure exerted on the alveolar arch (Shi & Losee, 2015). In fact, lip pressure 

after the ECH may act beneficially as a major effector of craniofacial growth. It may have a 

positive effect on dental arch formation by early modelling of the orbicularis oris muscle 

and minimizing the development of potential facial asymmetry and deformity of the maxilla 

and mandible (Bardach & Morris, 1990).  

The shaping effect of cheiloplasty due to the pressure of the operated lip has been confirmed 

by many studies, regardless of whether the SCH or the ECH is used, and it is generally 
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recognized as one of the most important factors in alveolar cleft closure (e.g., Akin et al., 

1991; Eichhorn et al., 2011; Hoffmannov§ et al., 2016, 2018; Huang et al., 2002; Sakoda et 

al., 2017; Bardach, 1984; Bruggink et al., 2020). The advantage of the ECH is that the 

generated pressure starts to act on the anterior palatal segment earlier, thus forming the 

dentoalveolar segments over a longer period of time (Valentov§-Stren§ļikov§ & Malina, 

2016).  

Several research studies have demonstrated that the alveolar cleft width closes due to a 

combination of the formative effect of the repaired lip and the growth of the alveolar 

segments in the anterior direction (Hoffmannov§ et al., 2016, 2018; Honda, Suzuki, Ohishi, 

& Tashiro, 1995; Kramer, Hoeksma & Prahl-Andersen, 1996; Reiser, Skoog, & Andlin-

Sobocki, 2013; Kongprasert et al., 2019). The results also showed that the growth of the 

maxillary segments in the posterior direction was not restricted, and thus the maxillary 

segments were elongated and the dentoalveolar arch was widened. The growth of the 

maxillary segments in both the posterior and anterior directions refuted one of the biggest 

concerns about the inhibition of maxillary growth in length after cheiloplasty, at least in the 

first year of life (Hoffmannov§ et al., 2016, 2018).  

In the study by Kramer, Hoeksma, & Prahl-Andersen (1994), the palatal length was reduced 

by surgical therapies in early childhood after the SCH, while an increase in this dimension 

was observed in other studies (Hoffmannov§ et al., 2018). The problem may occur later in 

life (school age), when the shaping effect of the operated lip results in a posterior shift of the 

incisor. If this shift occurs early after birth during the ECH, when the bones are not yet well 

mineralized, it may lead to a shortening of the sagittal palatal length (KoŠov§ et al., 2019). 

In a study by KoŠov§ et al. (2019), the sagittal palatal length was compared between three 

groups of patients with different timing of surgery (group 1: cheiloplasty at six months, 

palatoplasty at four years; group 2: cheiloplasty at six months, palatoplasty at nine months; 

group 3: early neonatal cheiloplasty, palatoplasty at nine months), and a significant 

shortening of the palate was observed only in the neonatally operated group. Even 

statistically significant results are not strictly clinically relevant; more data need to be 

collected from patients of different ages. 

Numerous studies have concluded that the distance between the canines is reduced after 

cheiloplasty, regardless of its timing (Hoffmannov§ et al., 2016, 2018; Honda, Suzuki, 

Ohishi, & Tashiro, 1995; Kramer et al., 1994; Mello et al., 2019; Prado et al., 2022; Reiser 
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et al., 2013; Sakoda, 2017; Vi¶as et al., 2022). However, it has been found that the maxillary 

arch area decreases after palatoplasty and there is no significant growth during the first five 

years of life or inhibition of transverse growth of the dental arches (Prado et al., 2022; 

Sakoda, 2017). One option to reduce the negative effect of palatoplasty on maxillary growth 

deficit is late palatal closure, but this has adverse effects on speech and language 

development. 

Posterior palatal width has been found to stabilize or increase after the ECH or SCH 

(Ambrosio et al., 2018; Falzoni et al., 2016; Hoffmannov§ et al., 2018). In the study by 

Bruggink et al. (2020), only a small and non-significant increase in the intertuberosity 

distance was demonstrated after the SCH. This was explained by increased lip pressure 

causing rotation of the maxillary segments in the sphenoid region resulting in anterior 

movement medially and posterior rotation laterally. 

When it comes to evaluating the entire surface of the palate, a longitudinal study analysing 

this surface from birth to five years in children with UCL and UCLP after the SCH showed 

that the total area was smaller in the group with UCL before cheiloplasty than in the group 

with UCLP. Moreover, this area increased significantly in the UCL group, whereas this 

phenomenon did not occur in the UCLP group due to the instability of the dental arch in the 

more severe cleft group (Prado et al., 2022). The palatal region did not change in the group 

with UCLP in the period between cheiloplasty and palatoplasty, supporting the notion that 

cheiloplasty does not negatively affect palatal growth and development (De Menezes et al., 

2016; Mello et al., 2019; Prado et al., 2022). The differences in the size of the upper 

dentoalveolar arch for each cleft type compared to controls up to 15 years of age are shown 

in Fig. 9. 
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Figure 9 Differences in the upper dentoalveolar arch size between types of cleft compared to controls at 3 (first 

column) and 15 years (second column). Black areas of the dentoalveolar arch represent the difference by which 

patients with clefts have a reduced upper dentoalveolar arch. Adapted from Jel²nek, Peterka, & Dost§l (1983). 

3.3 Effect of early neonatal cheiloplasty on facial growth  

Facial growth and development in patients with orofacial clefts is significantly different from 

that of their healthy peers, regardless of the timing of surgery as part of their treatment 

protocol. Growth trajectories are not identical to healthy individuals, usually not even after 

a successful cleft closure (Singh, Levy-Bercowski, Y§¶ez, & Santiago, 2007). Surgical 

intervention has been identified as a significant factor in the impaired facial development 

due to the excessive pressure created by the scar tissue (Diah et al., 2007) or the extent of 

the intervention (Semb, 1991).  

The problem with studies evaluating the facial growth of patients after surgery is 

differentiating the effect of individual surgical interventions (cheiloplasty, palatoplasty), as 

growth abnormalities may not become apparent until several years after surgery. The effect 

of surgery may also vary depending on the surgical protocol used. The Tennison method is 
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generally described as achieving good aesthetic results, but it still leads to a shorter, wider, 

and more posteriorly displaced maxilla compared to other protocols. It also results in more 

abnormalities in the anterior teeth and alveoli (Shi & Losee, 2015). The modified Tennison 

surgical protocol used in the patients with CL/UCLP included in this thesis aims to minimize 

these abnormalities.  

The presence of the cleft and surgery, regardless of its timing, most significantly affects the 

middle face. Retrusion of the middle face and thinning of the philtrum and upper lip have 

been observed in various studies (e.g., Bugaighis et al., 2010). In a study conducted on 

Spanish patients after the SCH, a retrusion of the lower third of the middle face was 

demonstrated; however, lateral facial analysis did not reveal significant differences between 

patients with cleft and controls, hence the nasolabial angle should not be significantly 

affected. The nasolabial angle generally plays an important role in the analysis of facial 

symmetry in the sagittal plane and is an indicator of aesthetic treatment outcomes (Vi¶as et 

al., 2022). The middle face retrusion may extend to the buccal region, where it manifests as 

a lack of prominence of both cheeks (Duffy, Noar, Evans, & Sanders, 2000) or the cheek on 

the cleft side (Bugaighis et al., 2014b). The middle face is also affected in patients with 

isolated cleft palate who underwent only palatoplasty and not cheiloplasty. 

When it comes to the nasolabial region, Ayoub et al. (2011) also describe a wider philtrum, 

which may be caused by imperfect correction of the orbicularis oris muscle during surgery. 

The width of the alar base was also significantly greater in patients with cleft than in controls. 

The greatest width of the alar base was observed in patients with BCLP and could not be 

fully corrected by surgery (Vi¶as et al., 2022). The increased width of the nose resulted in a 

significantly lower columella height ratio compared to controls. When comparing groups 

with different types of cleft and controls, it was found that there were no significant 

differences in mouth width; however, the length of the upper lip was shortened compared to 

controls (Moreira et al., 2014; Vi¶as et al., 2022). These morphological changes in the upper 

lip were observed already before surgery.  

The face of patients with cleft appears concave as a result of the described abnormalities, 

and patients are characterized by a facial morphology with a longer vertical dimension 

(Ferrario et al., 2003; Ye et al., 2015). The forehead of the patients is less prominent, and the 

nasal root is straighter, even after the ECH (Djordjevic et al., 2014). However, our previous 

studies have showed that abnormalities in school-aged individuals with UCLP, including a 
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larger distance between the orbits, a wider and flatter nose, an asymmetrical upper lip, and 

the philtrum retrusion, are not statistically or clinically significant (Dad§kov§ et al., 2016).  
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4 GROWTH AND DEVELOPMENT OF THE PALATE AND FACIAL 

SYMMETRY IN HEALTHY INDIVIDUALS 

Knowledge of the growth and development of the craniofacial region in healthy subjects is 

essential for understanding the physiological processes that contribute to the shape and 

function of the palate and face. This chapter discusses palatal growth and facial symmetry 

in healthy individuals as indicators of normal growth processes and overall facial aesthetics. 

This chapter seeks to contribute to a broader understanding of craniofacial development in 

the healthy population.  

4.1 Postnatal growth of the healthy palate 

A healthy palate is a structure that supports the mechanisms of chewing, sucking, 

swallowing, tongue manipulation, and sound production. The palate forms the roof of the 

oral cavity and consists of skeletal tissues in the anterior two-thirds (palatal processes of the 

maxilla and horizontal plates of the palatal bones bounded by the alveolar region of the 

maxilla) and muscular tissues in the posterior third (soft palate muscles and uvular muscles) 

(Mu et al., 2021). 

Maxillary growth has been reported to be most intense during the first months of life (Bauer 

et al., 2017; Laowansiri, Behrents, Araujo, Oliver, & Buschang, 2013). Between the first and 

second month of life, transverse growth of the palate has been observed in several 

dimensions, with the width of the intertuberosity identified as linear (Bauer et al., 2017). 

From a clinical point of view, it is important to note that transverse growth in the anterior 

direction is very intense in the first two months of life and caution must be exercised 

regarding applying pressure to the mucosa. 

The development of the early palate after birth can be significantly influenced by the tension 

caused by sucking and tongue movement, which promotes cartilage formation at the site of 

intramembranous ossification. The timing of cartilage formation coincides with the onset of 

breastfeeding, when sucking force increases significantly. Chondrocytes organize into 

palatal plates as structures involved in the lateral expansion of the skull. Palatal plates are 

temporary and persist until the diet of the newborn shifts to solid foods requiring chewing, 

at which point the palate ossifies (Li et al., 2016). 

Further studies have also identified the tongue as an important factor in the morphological 

development of the palate (Fatima & Fida, 2019). Palatal growth may be realized in response 
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to the mechanical pressure of the tongue on the anterior incisor and the posterior movement 

of the molar, resulting in an increase of palatal length (Martinez-Maza, Rosas, & Nieto-D²az, 

2013). According to several studies, the tongue may play a major role in palatal width growth 

by generating force through suction that leads to palatal growth in the middle palatal region 

(Hesby et al., 2006; Li et al., 2016). 

Postnatal development of the palate during the first five years of life is associated with the 

eruption of the dentition. The development of the palate is fully adapted to the eruption of 

the dentition during this period, and the maxilla grows by increasing in size in the inferior 

direction. An increase in palatal width has been observed in children and adolescents 

between the ages of 5 and 18 years during the transition from deciduous to permanent 

dentition. Palatal height also changes at this stage, first decreasing during the period of the 

mixed dentition, and then increasing (Eslami Amirabadi et al., 2018). The skull base grows 

in width and more inferiorly during the mixed dentition stage, so the width of the maxilla 

increases (Martinez-Maza et al., 2013). During further development, the maxilla grows 

inferiorly in the region of the alveolar process, leading to an increase in palatal height 

(Eslami Amirabadi et al., 2018). When the dentition is fully erupted, the maxilla grows 

anteriorly, resulting in palatal elongation (Martinez-Maza et al., 2013). As the dentition 

develops, palatal dimensions increase at the midpalatal suture and remodelling occurs along 

the posterior region of the maxilla and maxillary tuberosity, resulting in transverse alveolar 

growth. Intermolar and intercanine width increases from infancy to adulthood (Hesby et al., 

2006). Adult palatal growth should be mapped for indications for orthodontic treatment, 

orthognathic surgery, or secondary reconstruction, which can be assessed after the final 

growth spurt (Pai, Hung, Wang, & Lo, 2019). 

Morphological changes in the maxilla associated with dentition change and relative increases 

in alveolar bone mass and interalveolar width are typical of the early growth period (Hesby 

et al., 2006). Alveolar bone growth is characterized by bone remodelling and is influenced 

by bone loading from mechanical activities (swallowing, chewing, tooth eruption) (Li et al., 

2016). Bone remodelling activity also differs between adults (24 to 39 years) and subadults 

(7 to 17 years), with the orientation of facial growth changing from inferior to anterior in 

adulthood during this age period (Martinez-Maza et al., 2013). 

The development of the palate is sexually dimorphic. Permanent teeth erupt earlier in 

females than in males (Almonaitiene, Balciuniene, & Tutkuviene, 2010). Sex differences are 
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also evident in the activity of alveolar bone remodelling, which is more intense in males 

(Alhadlaq, 2010). As a result of hormonal differences between the sexes, cortical alveolar 

bone may be larger in females than in males, and this parameter influences the morphology 

of the entire palate (Hesby et al., 2006). 

4.2 Facial symmetry in healthy individuals 

The lack of balance between the right and left sides of the face has a major impact on facial 

proportions and leads to a distortion of facial symmetry. Facial symmetry is, in addition to 

internal factors, also affected by external influences, such as mechanical movements 

(chewing, sucking). A certain degree of asymmetry is normal in the human face. A distinction 

can be made between asymmetries that are subtle and imperceptible to the human eye, 

clinically insignificant and requiring no medical intervention, and obvious cases (Claes, 

Walters, Vandermeulen, & Clement, 2011; Djordjevic et al., 2014; Farrera, Villanueva, 

Quinto-S§nchez, & Gonz§lez-Jos®, 2015; Ferrario, Sforza, Pizzini, Vogel, & Miani, 1993). 

Severe cases of asymmetry are caused by congenital anomalies, developmental defects, 

including craniofacial syndromes and orofacial clefts, or acquired trauma and impaired facial 

aesthetics and functionality (Chouinard, Kaban, & Peacock, 2018; Thiesen, Gribel, & 

Freitas, 2015). 

There is merit in assessing the asymmetry of the skeletal base of the face; however, the soft 

tissues of the face and its entire surface are the most visible areas in interpersonal interaction. 

Meyer-Marcotty, Gerdes, Reuther, Stellzig-Eisenhauer, & Alpers (2010) state that attention 

is primarily focused on the middle face, and therefore nasal asymmetry is evaluated more 

critically than other parts of the face. Facial symmetry is inherently associated with 

attractiveness ratings and may have negative psychosocial consequences, depending on the 

extent and severity of facial asymmetry (Berlin et al., 2014; Wei et al., 2022; Zheng, Ren, 

Xie, Pan, & Zhou, 2021). Severe asymmetries, which most commonly occur in combination 

with other facial skeletal deformities, may require surgical intervention and quantitative and 

qualitative analysis of the extent of asymmetry, which is important for orthodontic treatment 

planning, goals, and outcome assessment (Lum, Goonewardene, Mian, & Eastwood, 2020; 

Patel, Islam, Murray, & Goonewardene, 2015). The relationship between facial 

attractiveness and mild facial asymmetries is significant for clinicians dealing with 

dentofacial problems, as improvement in facial aesthetics is considered a primary criterion 

for therapeutic outcome (Kaipainen et al., 2016). 
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It has been reported that the right side of the face is wider than the left, with a leftward 

deviation of the chin (Haraguchi, Iguchi, & Takada, 2008; You, Lee, Lee, & Baik, 2010). In 

general, the lower third of the face, including the chin, is considered the most asymmetrical 

region in healthy individuals, which may be due to the longer period of postnatal growth 

(Claes et al., 2011; Kaipainen et al., 2016). Another theory suggests that the more 

pronounced asymmetry in the chin and cheeks ï compared to the nose, lips, and forehead 

regions ï is due to the greater mobility of the mandible than the maxilla, which is more 

closely connected to the surrounding anatomical structures (Severt & Proffit, 1997). In a 

study by Lum et al. (2020), the most pronounced asymmetry in both males and females, 

combining all three planes analysed (coronal, sagittal, transverse), was revealed in the 

eyebrows, eye region, nose, and mental sulcus. According to Silinevica, Lokmane, Vuollo, 

Jakobsone, & Pirttiniem (2023), the volume of the chin was greater on the side towards 

which the midline of the teeth shifted. It has also been suggested that the shift of the midline 

of the mandible correlates with the asymmetry of the lower face. Furthermore, asymmetry 

has been shown near the eyes, lateral parts of the nose, and the labial region (Lum et al., 

2020; Silinevica et al., 2023). 

The degree of asymmetry varies with age. This is confirmed, for example, by the greater 

number of regional asymmetries detected in the young adult sample in Kaipainen et al. 

(2016) compared to the sample of children in a study by Kuijpers et al. (2015), which was 

explained by the fact that facial asymmetries tend to increase during puberty (Haraguchi et 

al., 2008).  

Facial asymmetry has also been identified as sex dependent. According to several studies, 

male faces are more asymmetrical than female faces (Claes et al., 2011; Lum et al., 2020), 

while other studies have reported no significant difference in facial asymmetry between the 

sexes (Djordjevic et al., 2014; Silinevica et al., 2023). 
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5 THE OBJECTIVES OF THE RESEARCH 

The main objective of the study is to comprehensively evaluate the effect of early neonatal 

cheiloplasty on the growth and development of the palatal and facial surface, especially in 

early childhood, with respect to normal palatal growth and facial symmetry in healthy 

individuals. 

The core part of the study focuses on the growth and development of the palate and face in 

patients with different types of cleft in early childhood (Appendix 1ï3, objectives and 

hypotheses 1ï3). This core part of the thesis is extended with the research of the normal 

development of the palate and facial symmetry in the healthy population with respect to age 

and sex (Appendix 4ï5, objectives and hypotheses 4ï5).  

The following main objectives and hypotheses were set:  

1) To evaluate longitudinal growth and palatal development in neonates with complete 

BCLP (cBCLP) and incomplete BCLP with combined tissue bridges (BCLP + B) in 

the first year of life after early neonatal cheiloplasty (Appendix 1).  

H1: The pressure exerted by the ECH will lead to forward displacement of the 

dentoalveolar segments and retraction of the premaxilla, thus achieving closure of 

the cleft and normalization of the premaxilla position in the first year of life. 

2) To compare longitudinal growth and development of the palate in patients with 

cUCLP and cBCLP during the first year of life between early neonatal cheiloplasty 

and palatoplasty (Appendix 2).  

H2: Growth differences between the cUCLP and cBCLP groups will be more 

apparent in the transverse plane in the anterior direction of the palate, but these trends 

will not limit palatal growth in the anterior direction in any of the cleft types analysed. 

3) To evaluate the facial morphology of children with CL and cUCLP in the first two 

years of life using cross-sectional data and to identify parts of the face with 

significant morphological abnormalities based on comparison with healthy peers 

(Appendix 3).  

H3: Deviations from normal anatomy mainly concern the oronasal region, which is 

directly affected by the presence of the cleft. 



48 

 

4) To model palatal development in healthy individuals from preschool age to early 

adulthood, to describe the extent of sexual dimorphism, and to establish 

developmental standards for comparison with patients with orofacial clefts.  

H4: Palatal growth stops in females at 15 years of age, whereas it continues in males 

until at least 19 years of age.  

5) To describe the directional asymmetry of the face in the healthy adult population, 

including age- and sex-related changes. 

H5: The DA depends on sex and differs among age groups.  
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6 MATERIALS & METHODS 

The present chapter provides a summary of the data and methods used, while a more detailed 

description of the materials and methods is available in the individual publications. 

6.1 Materials 

The dataset used in this study consists of 3D dental models and facial scans of individuals 

with orofacial clefts and healthy controls ranging in age from a few days after birth to late 

adulthood, with a primary focus on childhood. All obtained dental casts and facial scans are 

stored in the laboratory database, which was established in 2009 and is currently being 

expanded thanks to close cooperation with several specialized departments (e.g., the 

Department of Otorhinolaryngology of the Motol University Hospital, the Institute of 

Biology and Medical Genetics of the Motol University Hospital, the Dental Clinic of the 1st 

Faculty of Medicine of Charles University, and others) and several school facilities (from 

kindergartens to secondary schools) that allow scanning of their pupils and students, thus 

extending our longitudinal series.  

In the core part of this thesis, which concerned palatal and facial development in patients 

with orofacial cleft in early childhood after the ECH, a total number of 188 dental models 

and 209 facial scans were evaluated.  

These comprised two longitudinal datasets of 3D dental models. The first set included 17 

dental models of newborns with cBCLP and 9 dental models of children with BCLP + B at 

two ages (before cheiloplasty and before palatoplasty). The total number of dental models 

was therefore doubled (cBCLP, n = 34; BCLP + B, n = 18). This longitudinal dataset was 

subsequently expanded and slightly modified to enable comparison of morphological 

development and growth changes in children with cBCLP and cUCLP. This dataset consisted 

of 17 dental models of patients with cBCLP and 51 dental models of patients with cUCLP 

(in total: cBCLP, n = 34; cUCLP, n = 102).  

The data sample in the first part of this thesis was supplemented with 209 facial scans of 

patients with CL and cUCLP and their healthy peers ranging in age from 0.2 to 2.0 years. 

The total number of facial scans was composed as follows: CL, n = 37; UCLP, n = 39; 

controls, n = 137. The scans were divided into four age categories (T0 = 0.2ï0.5; T1 = 0.6ï

1.0; T2 = 1.1ï1.5; T3 = 1.6ï2.0 years). 
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The second part of this thesis was based on the evaluation of dental casts together with facial 

scans. First, a total of 212 dental models of healthy individuals with a minimum age of 6.2 

years and a maximum age of 20.0 years were analysed. The individuals were grouped 

according to their age (preschool, younger and older school age, younger and older 

adolescents, young adults) and sex (ǁ n = 101; ǀ n = 111). Directional asymmetry was then 

evaluated in the healthy adult population based on exactly 300 facial scans. This dataset 

consisted of 149 facial scans of males and 151 facial scans of females, ranging in age from 

20 to 80 years, and was divided into three age categories (20ï39.99, 40ï59.99, and 60ï79.99 

years).  

6.2 Methods 

This chapter discusses the techniques used in geometric and classic morphometric analysis, 

the methods used for data collection, and the statistical procedures carried out as part of this 

thesis. 

6.2.1 Data acquisition and processing 

Dental models were initially scanned using a Breuckmann SmartScan (Aicon 3D Systems 

GmbH, Braunschweig, Germany) with an accuracy of 0.1 mm or a Roland LPX-250 3D 

laser scanner (Roland DG, Hamamatsu, Japan) with a resolution of 200 ɛm. Facial scans 

were acquired with the non-invasive, high-resolution 3dMD Face System (3dMD Inc., 

Atlanta, GA, USA) or the non-invasive optical Vectra 3D scanner (Canfield Scientific, Inc., 

Fairfield, NJ, USA).  

The scanned 3D data (dental models and facial scans) were manually edited using the 

Rapidform XOS 2006 software (INUS Technology, Inc., Seoul, Korea). Minor errors in the 

3D models were corrected by removing holes in the triangular mesh caused by problems 

during scanning. Each model was smoothed and decimated to a surface mesh containing 

26 000 triangles. Subsequent analyses required precise manual placement of landmarks on 

the 3D models using the Morphome3cs software (Computer Graphics Group, Faculty of 

Mathematics and Physics, Charles University, Prague, Czech Republic).  

To ensure the consistency of features across the 3D models, coherent point drift-dense 

correspondence analysis (CPD-DCA) was applied prior to statistical evaluation. This 

procedure was imperative to achieve an identical number of vertices and triangles across the 
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model surface. The modified algorithm involved transforming one surface topology (referred 

to as the base mesh) to all other surfaces through an automated non-rigid registration process 

based on manually placed landmarks. To facilitate the alignment of the 3D models, 

homologous landmarks were used to determine a common mean using generalized 

Procrustes analysis (GPA).  

 

Figure 1010 Landmarks applied to anatomically significant structures on the palate and face. Based on these 

landmarks, further classic and geometric morphometrics analyses were performed. Kindly see more 

information in Jaklov§ et al. (2020) or Koģejov§ Jaklov§ et al. (2023a). 

6.2.2 Morphometric assessment 

Most of the present research was methodologically based on geometric morphometrics, 

which included principal component analysis (PCA), superprojections in the form of colour-

coded maps and significance maps, and asymmetry analysis.  

The PCA was used to reduce the dimensionality of the data and quantify the variability of 

the dataset. The basis of the PCA was a linear transformation of a feature into two 

uncorrelated principal components (PCs), which were used for other statistical methods. The 

next step was to visualize the palates or faces that corresponded to the PCs, leading to an 

efficient evaluation of the differences between the analysed data groups. 

Real growth, modelled growth trends, sexual dimorphism of the palate and face, or the 

differences between the various groups studied were expressed by superprojection colour-

coded maps. These enabled the visualization of average differences on the underlying 
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network, with colour-coded maps indicating distances between pairs of points on the 

polygonal network using the average distances of homologous vertices between model 

surfaces. Based on the homologous vertex distances and their projection onto the surface, 

with any tangential shifts filtered out, average faces were reconstructed to visualize and 

quantify differences between the groups studied. Maps of significance displayed significant 

areas of the 3D model based on a per-vertex t-test.  

6.2.3 Statistical analysis 

The first step in the use of classic statistical analysis was to measure the linear dimensions 

between landmarks describing individual parts of the palate or face and to use these for a 

more comprehensive assessment of the growth or other trends analysed. While the 

measurements of the linear dimensions were performed in Morphome3cs, the calculations 

were performed in the PAST (PAST 4, Natural History Museum, Oslo, Norway) or R 

Statistical Software (v4.1.2; R Core Team 2021). Based on the obtained linear dimensions, 

two-way analysis of variance (ANOVA), Procrustes ANOVA, multivariate analysis of 

variance (MANOVA) followed by post-hoc Hotelling T2 tests were calculated. Normality of 

individual measurements was verified by the ShapiroïWilk test. The level of statistical 

significance was set at Ŭ = 0.05.  
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7 RESULTS & DISCUSSION 

This chapter presents a summary of the comprehensive results emerging from the previously 

published studies that are appended to this thesis. 

7.1 Growth and development of the palate and face in children with 

orofacial clefts 

The first and major part of the thesis included three of the authorôs publications (Appendix 

1ï3) which focused on the development of the palate and face in patients with different 

types of cleft in early childhood after neonatal surgery. The results of these publications 

were described in two sections, the first of which dealt with the longitudinal growth and 

development of the palate in children with orofacial clefts after early neonatal cheiloplasty, 

and the second of which described the evaluation of cross-sectional facial development in 

children with orofacial cleft.  

7.1.1 Palatal growth and development in children with orofacial clefts after early 

neonatal cheiloplasty 

The first step in the main part of the present thesis was to assess the effect of early neonatal 

cheiloplasty on longitudinal growth and development of the maxilla and palate in the first 

year of life in patients with cBCLP and BCLP + B, which was published in a study by 

Jaklov§ et al. (2020) (Appendix 1). The present study contributed to a detailed assessment 

of the effect of the ECH on palatal growth, which should be thoroughly monitored despite 

the many favourable outcomes of this relatively new surgical method regarding its 

application in the very sensitive early period of childhood.  

From a methodological and thematic point of view, the research was followed up by the 

study of Koģejov§ Jaklov§ et al. (2021) (Appendix 2), which focused on the comparison of 

palatal growth and development and morphological differences between patients with 

cBCLP and cUCLP in the first year of life, at a time when only the ECH and no other later 

surgical procedures (e.g., palatoplasty) had a major influence on the growth of the 

dentoalveolar arch. Both above-mentioned studies were preceded by several previous 

research projects performed at the Laboratory of 3D Imaging and Analytical Methods 

(Hoffmannov§ et al., 2016, 2018; Moslerov§ et al., 2018). 
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Morphological differences between patients with clefts and the norms 

Classic morphometrics based on linear dimensions was first used to determine whether there 

were significant morphological differences between the groups with cleft (cBCLP versus 

BCLP + B and cBCLP versus cUCLP). The linear dimensions between groups with cBCLP 

and BCLP + B differed significantly in the anterior region of the maxillary arch, especially 

in the dimensions related to the convergence of the dentoalveolar arches towards the 

premaxilla. There were also major morphological and growth differences between neonates 

with cUCLP and cBCLP in the anterior region of the maxillary segments, which was related 

to the protrusion of the premaxilla in individuals with cBCLP. The morphological and growth 

differences found between the various types of cleft were consistent with known findings; 

moreover, these morphological differences tended to be greater after birth and decreased 

with age (Kramer et al., 1994; Mishima, Mori, Sugahara, & Sakuda, 2001; Wada, Mizokawa, 

Miyazaki, & Ergen, 1984). In the relevant dimensions, more severe complete clefts showed 

significantly greater asymmetry (Jodeh, Soni, Cray, & Rottgers, 2020). 

The selected linear dimensions were compared descriptively to individuals operated on by 

the SCH and the norm in the present publications based on previously published data 

(Kramer et al., 1994). An increase in intertuberosity width was observed during the first year 

of life in patients with cUCLP, cBCLP, and BCLP + B after early intervention with respect 

to the norm, which was confirmed by several studies (Ayub et al., 2016; Bruggink et al., 

2020; Pontes, Callegaris, & Freitas, 2020; Reiser et al., 2013). In contrast, patients who 

underwent traditional surgery showed a decrease in intertuberosity width, which can lead to 

a narrowing of the dentoalveolar arch in its posterior part (Kramer et al., 1994). The palatal 

length increased in patients with less severe defects after the ECH (cUCLP, BCLP + B) with 

the same physiological trend as in controls, which was supported by a study by Hoffmannov§ 

et al. (2016). On the other hand, previous studies observed a reduction in palatal length 

(Harila, Ylikontiola, Palola, & Sandor, 2012; Kramer et al., 1994) or no change in this 

dimension (Mello et al., 2019) during the first year of life. A reduction in palatal length was 

evident in neonates with cBCLP operated on traditionally, which was not consistent with 

growth trends in healthy neonates (Kramer et al., 1994). Intercanine width was considered 

the most challenging dimension, revealing an identical diminishing growth trend in patients 

regardless of the surgical protocol undergone or type of cleft (Falzoni et al., 2016; Huang et 
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al., 2002; Pontes et al., 2020; Sakoda, 2017), but it was substantially different from non-cleft 

infants, as reported by Kramer et al. (1994).  

Variability of the palate in patients with clefts 

Both present studies showed that the variability of the palate was more pronounced in the 

more severe cleft (cBCLP). The results were confirmed by many previous studies that 

compared the variability in patients with clefts with each other or with controls (Bejdov§, 

Kraj²ļek, Peterka, TrefnĨ, & Velem²nsk§, 2012; Bugaighis et al., 2010; Hoffmannov§ et al., 

2016, 2018; Ruskov§, Bejdov§, Peterka, Kraj²ļek, & Velem²nsk§, 2014). The more 

pronounced variability in the most severe type of cleft, according to the findings of Bejdov§ 

et al. (2012), is due to its unstable palatal morphology. During the first year of life, the 

variability decreased and individuals with cBCLP started to resemble patients in the less 

severe cleft groups (either BCLP + B or cUCLP) due to favourable growth, which can be 

compared with the results of Hoffmannov§ et al. (2016, 2018). 

Growth changes in the cleft palate during the first year of life  

A combination of classic and geometric morphometrics showed that the maxillary segments 

moved anteriorly towards the premaxilla (in the group with BCLP) or towards each other (in 

the group with UCLP), leading to a reduction in the alveolar cleft width during the first year 

of life. The intensive anterior growth of the maxillary segments towards each other ï related 

to the formative occlusion effect of the reconstructed lip after cheiloplasty ï was responsible 

for the reduction of the alveolar cleft width, which is consistent with many studies 

(Braumann, Keilig, Bourauel, & Jªger, 2002; Falzoni et al., 2022; Hoffmannov§ et al., 2016, 

2018; Huang et al., 2002; Kramer et al., 1994; Kramer et al., 1996; Valentov§-Stren§ļikov§ 

& Malina, 2016). The reduction in the alveolar cleft width was more pronounced in neonates 

with less severe defects (BCLP + B or cUCLP), which was attributed to the severity of the 

initial alveolar cleft width associated with the expectation of favourable growth (Chiu, Liao, 

& Chen, 2011; Honda et al., 1995; Huang et al., 2002; Kramer et al., 1994). 

There was no convergence of the dentoalveolar segments toward each other in the posterior 

region of the maxillary segments, nor was their growth restricted. The growth patterns of the 

observed transverse dimensions (e.g., intermolar width, intertuberosity width) were not 

adversely affected by the ECH and became wider as in healthy age-matched children, in line 

with several research studies (Ambrosio et al., 2018; Ayub et al., 2016; Braumann et al., 
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2002; Falzoni et al., 2022; Fernandes et al., 2015; Huang et al., 2020; Jorge et al., 2016; 

Kongprasert et al., 2019; Kramer et al., 1994; Mello et al., 2019; Reiser et al., 2013; Sakoda, 

2017). 

Palatal length has often been regarded as a problematic dimension that could be negatively 

affected by surgery. Within the first year of life, an increase in palatal length was observed. 

The effect of surgery on the palatal length varied between studies; however, it is a fact that 

a reduction in total palatal length is the most commonly reported negative consequence of 

surgery (Ambrosio et al., 2018; Jorge et al., 2016; Kramer et al., 1994; Mello et al., 2019; 

Sakoda, 2017). In the case of the present study, the increased palatal length in patients with 

cleft showed the same trend as in healthy newborns.  

It has been reported that the intercanine width decreased after surgical interventions in 

groups with cUCLP and cBCLP (Falzoni et al., 2016; Honda et al., 1995; Kramer et al., 

1994), as evident in our analysed cohort of patients. The reduction in this dimension was 

non-significant in patients with cUCLP; therefore, their growth trend could be considered 

comparable to that of healthy children. This high-risk growth pattern is assumed to be due 

to the negative impact of the primary surgery on the transverse and anterior maxillary 

segments (Ambrosio et al., 2018). However, Xu et al. (2015) reported that some transverse 

and anterior maxillary dimensions (sagittal maxillary length) may be primarily influenced 

by palatal repair, which is inconsistent with the results of the present study, which are not 

burdened by the influence of palatoplasty. 

The study by Jaklov§ et al. (2020) focused on the growth of the premaxilla, which was 

particularly evident on the left side due to the smaller initial size of the alveolar cleft width 

(Bugaighis et al., 2014b). Based on the study by Liao, Huang, Tsai, & Noordhoff (2004), the 

correlation between premaxillary size and type of cleft was evaluated in relation to the 

growth of the maxillary arch, which was particularly applicable to the dimensions associated 

with the convergence of the maxillary arches (alveolar cleft width and the angle determining 

convergence). More favourable growth of the maxillary segments was then observed in 

patients with a smaller initial premaxillary size.  

The study by Koģejov§ Jaklov§ et al. (2021) considered the effect of the cleft severity based 

on its initial extent in terms of clinical relevance in the selection of the subsequent surgical 

protocol. According to the results, the severity of the cleft affected certain transverse 
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dimensions of the palate. One of the most important findings is that the effect of cleft severity 

did not affect the palatal length, which is often presented as one of the most relevant factors 

responsible for the reduction of the upper dental arch growth (Liao, Prasad, Chiu, Yun, & 

Chen, 2010).  

To sum up, early surgical protocol did not prevent palatal growth either in the anterior or in 

the posterior direction, at least in the first year of life. Favourable palatal growth was 

observed regardless of the type of cleft, although more intense growth was observed in the 

milder defect (cUCLP). All groups evaluated manifested growth trends (e.g., palatal width 

and palatal length) comparable to healthy subjects of the same age. Risk growth patterns, 

such as the shortening of the palatal length or narrowing of the dentoalveolar arch, were not 

observed. 

7.1.2 Evaluation of cross-sectional facial development in children with orofacial cleft 

To gain a comprehensive understanding of the effect of orofacial clefts on the morphology 

of patients, it was necessary to observe the development of the whole face in addition to the 

development of the palate. The core part of this thesis therefore included a comparison of 

facial development in patients with different types of cleft (CL, UCLP) with healthy children 

aged two months to two years, based on cross-sectional data from the study by Koģejov§ 

Jaklov§ et al. (2023a) (Appendix 3).  

This study was part of the ongoing long-term research focusing on facial development, 

growth trends, and facial symmetry in patients with or without orofacial clefts during 

childhood that has been established in the Laboratory of 3D Imaging and Analytical 

Methods. As part of this long-term project, modelled facial growth and facial symmetry 

between the ages of 2.5 and 4.5 years was mapped in previous publications (Dad§kov§ et 

al., 2016; Moslerov§ et al., 2018), and in the near future, the facial development in patients 

with cleft at younger school ages (5 to 7 years) will be evaluated. The analysis of the facial 

development at very early stages of infancy is small in scope, but still important, as the facial 

morphology is only influenced by congenital dispositions and several surgical interventions 

(cheiloplasty, palatoplasty) during this period, not by later interventions and secondary 

corrections, which may also have a negative impact on craniofacial morphology. 
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Morphological differences in facial shape between the youngest and oldest ages in 

children with cleft  

Initially, the development of facial shape was monitored in all groups in the age range from 

two months to two years. It was found that the development of the modelled facial shape 

corresponded between the groups with CL and UCLP, although the facial morphology of 

patients with UCLP manifested with greater intensity. This is consistent with the publication 

by Dad§kov§ et al. (2016), although studies based on cephalometry have assessed the 

postnatal morphology in patients with different types of cleft as fundamentally different 

(Kreiborg, Hermann, & Darvann, 1981). The corresponding modelled growth trends include 

facial lengthening, narrowing, and increased prominence of most facial structures, similar to 

older individuals (Dad§kov§ et al., 2016). The most prominent morphological features were 

evident in the middle face, but according to the study by Ishiguro, Krogman, Mazaheri, & 

Harding (1976), structural differences between types of cleft gradually disappeared in this 

region.  

With increasing age, similar to the results calculated in older children (Dad§kov§ et al., 

2016), no significant progression of deviations from norms was observed. A slight 

improvement of the affected morphological areas was observed after the first year of life, 

possibly due to the favourable growth potential of the individuals combined with the 

appropriate combination of surgical procedures undergone. A significant improvement in the 

growth of soft facial tissues has been observed in several publications in infants with UCLP 

as early as three to nine months of age, especially in the chin, lower lip, and forehead regions 

(Brons et al., 2019; Kluge et al., 2023). However, growth deficiencies were evident in other 

problematic facial regions, highlighting the overall complexity and intricacy of soft tissue 

growth in early childhood, which needs to be considered when planning appropriate 

treatment (Kluge et al., 2023). 

Modelled facial growth and variability in children with cleft versus healthy children 

In the next part of the results, the variability, morphological differences, and modelled facial 

growth in the soft facial tissues were evaluated in controls and patients with CL and UCLP 

in each age category. In terms of variability, the evaluated groups of subjects manifested a 

similar distribution in the principal component space and overlapped with each other, in line 

with the results of several previous studies (Dad§kov§ et al., 2016; Singh et al., 2007). This 
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implied the presence of only minor modelled morphological differences between the studied 

groups, which was also confirmed by the developmental trajectories.  

It is well known that the extent of the cleft can be visible not only around the cleft fissure in 

the orofacial region but also in the upper part of the face. This was confirmed in the present 

study, where a retrusion of the frontal region (mainly the forehead) was observed. Bugaighis 

et al. (2014b) suggested that frontal retrusion occurred as a consequence of palatoplasty; 

however, in the cohort of individuals in the present study, this assumption was ruled out, as 

frontal retrusion appeared already in the youngest age group (2 months) and in both types of 

cleft, although patients with CL did not undergo palatoplasty. According to longitudinal data 

published by Kluge et al. (2023), the forehead morphology improved markedly during the 

first year of life, especially during the first six months. This is due to a brain growth spurt 

during this period, which results in a rapid growth of the forehead in the frontal region of the 

face. In addition, both analysed groups of patients showed an arching of the supraorbital 

arches and ocular region in the present paper.  

As expected, the direct presence of the cleft resulted in insufficiency of soft tissues in the 

middle face, which was consistent with studies conducted on both newborns (Brons et al., 

2019; Kluge et al., 2023) and older children (Dad§kov§ et al., 2016). Morphological 

deficiencies in the middle face were more severe in patients with UCLP due to complete 

cleft palate, lip, and alveolus, and have been attributed both to iatrogenic factors (Kluge et 

al., 2023; Wong, Keeling, Achal, & Khambay, 2019) and to the disruption of the medial 

facial muscles during surgery (Zreaqat, Hassan, & Halim, 2012). The nasal region was 

affected by nasal tip retrusion in the cohort of the present study. In contrast, there was no 

evidence of retrusion of the nasal root, which is considered to be one of the most affected 

segments, at least in older patients (Bugaighis et al., 2014b). The philtrum was flattened and 

retracted in patients with UCLP, perhaps due to its shortening, which also negatively affects 

the middle part of the upper lip, as reported by Hood et al. (2004) or Bugaighis et al. (2014b). 

The upper lip retrusion could also be attributed to a defect of the depressor septi nasi muscle 

(Morioka et al., 2018). The growth trend of the philtrum was more favourable, resulting in 

the prominence of this structure in the group of patients with CL. In line with the outcomes 

of the present study, irregular growth patterns in the upper lip, philtrum, and nostrils have 

been confirmed in patients with UCLP between 9 and 12 months of age in Kluge et al. 

(2023). 
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The negative effect of the presence of the cleft was manifested in the lower part of the face 

as a slight retrusion of the chin. This was non-significant in the groups observed in this study, 

and in addition, there was an improvement during the first year of life, which has also been 

reported in older patients in Dad§kov§ et al. (2016). The observed improvement in chin 

development was supported by results presented in patients with UCLP (Kluge et al., 2023) 

and normative data (Brons et al., 2019). Progressive mandibular growth was observed 

mainly in the first six months of life (Liu, Behrents, & Buschang, 2010), and less so between 

9 and 12 months (Brons et al., 2019). 

7.2 Morphometric evaluation of normal development of the palate and 

facial symmetry in healthy individuals  

The complementary part of the thesis included two of the authorôs publications (Appendix 

4ï5), which covered the development of a healthy palate and facial symmetry in healthy 

individuals with respect to age and sexually dimorphic changes. First, the development of a 

healthy palate in patients from childhood to early adulthood was modelled, followed by the 

development of directional asymmetry in the adult Czech population with respect to age and 

sex. 

7.2.1 Modelling the cross-sectional development of the palate in healthy individuals  

The results of the study by Koģejov§ Jaklov§ et al. (2023b) (Appendix 4) aimed to evaluate 

the growth of the entire surface of the healthy palate in individuals of Czech origin from 

preschool age to early adulthood (6 to 19 years) based on cross-sectional data. The purpose 

was to fill a gap in knowledge about postnatal healthy palatal development, which is scarce 

compared to prenatal palatal development. Previous publications concerning healthy palatal 

development were performed based on 2D linear dimensions (e.g., Bishara, Jakobsen, 

Treder, & Nowak, 1997), whereas the present study provided a new perspective on this 

matter through geometric morphometrics and analysis of the entire palatal surface, including 

areas that cannot be mapped by landmarks. The knowledge of the growth of the healthy 

palatal surface has applications in forensic anthropology to estimate the age of individuals 

at the palatal sutures. More important for this thesis, however, is the use in biomedical 

anthropology for planning surgical and orthodontic procedures, and the clinical application 

of developmental standards for patients with orofacial cleft, allowing comparison of palatal 

growth in patients with cleft with healthy age-matched individuals. 
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Palatal variability from childhood to early adulthood 

To the best of our knowledge, the study by Koģejov§ Jaklov§ et al. (2023b) is the first to 

describe the variability of palatal development of the groups studied in terms of the principal 

component space in a Central European population; therefore, it was challenging to compare 

the results. The most visible variability was observed in females of older school age (10 

years) and younger adolescence (12 years) with minimal movement of individuals within 

the modal space. Accordingly, the palates of females were almost unchanged over this period 

compared to males, and the modelled palatal growth slowed down over time until it led to a 

gradual cessation. A similar slowing of development within the growth of the whole face 

was supported by the study of Ferrario, Sforza, Poggio, & Schmitz (1998). The variability 

of the palate in terms of its symmetry was analysed by geometric morphometrics in the study 

by Oxilia et al. (2021). Palatal morphology can be considered variable because the palate is 

constantly changing throughout life due to physiological forces, nutritional and non-

nutritional habits, para-chewing activity, speech development, and other factors.  

The vast majority of studies using principal component analysis were performed in patients 

with orofacial clefts, and their variability was compared to healthy controls (da Silva Filho, 

Carvalho Lauris, Capelozza Filho, & Semb, 1998; Diah et al., 2007; Singh et al., 2007). 

Principal component analysis in the studies by Latief, Kuijpers, Stebel, Kuijpers-Jagtman, 

& Fudalej (2020) and Latif et al. (2020), dealing with the variability of palatal development 

in patients with unoperated BCLP or UCLP, showed that the variability occurred in the 

anteroposterior direction in patients and in contrast, in the vertical direction in norms. This 

suggests that individuals with clefts may have an intrinsic growth defect affecting facial 

morphology compared to the healthy group. It should be noted, however, that the analyses 

were performed on whole face radiographs. 

Modelling palatal growth changes in healthy individuals 

The modelled growth of the palate in females stopped after the age of 15 years, which was 

supported by a number of previous studies (e.g., Jel²nek et al., 1983; Melsen, 1975). This 

meant that growth in females ceased earlier than in males, where our results suggested that 

it continued until at least 19 years of age. The reason for the earlier cessation of growth in 

females may be due to reduced osteoblast activity in the sutural region of the palate, or 

changes in the anteroposterior growth of the maxillary complex at the transverse suture 
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(Melsen, 1975), or growth and closure of the palatal suture from puberty to early adulthood 

(Savoldi et al., 2022). The development of the palate in males was linear during the observed 

period, with the greatest growth tendencies between 12 and 15 years of age. On the other 

hand, palatal development in females was non-linear, with the most pronounced growth 

trends occurring in early adolescence. In agreement with Ġmahel (2001), it could be thus 

confirmed that the largest modelled growth changes of the palate were visible during the 

pubertal spurt (in females at 12 years of age and in males at 14 years of age). 

The most important finding was a temporary slowing of palatal growth in females between 

10 and 12 years of age, which resulted in a disruption of linear growth. Similar findings were 

reported by Ferrario, Sforza, Poggio, & Schmitz (1997), who observed a reduction in growth 

rate after the age of 11 years. Due to the small number of studies focusing on healthy palatal 

development at this age, it was difficult to establish a hypothesis to explain the non-linear 

development of the female palate. According to Langford et al. (2003), the temporary 

slowing to cessation of palatal development could be due to the stabilization of jaw growth 

after the eruption of the permanent dentition; however, this did not fully explain the linear 

palatal development in males, as the age of completion of tooth eruption did not differ 

significantly between the sexes. 

The next step was to describe the development of the palate during the follow-up period. 

Analysis of the entire palatal surface described morphological and growth trends that 

included an increase in palatal width by approximately 12 years of age regardless of sex. 

This is consistent with the study by Bishara et al. (1997), who found that palatal growth in 

width ceased between 12 and 13 years of age. Further growth trends after 12 years of age 

were observed in the lateral region of the healthy palate and were caused by the arching of 

the palate and its increase in height. 

Sexual dimorphism in palatal development 

The existence of sexual dimorphism manifested in the hard palate was supported by the study 

of Ajanovic et al. (2022), who confirmed by the PCA that the sex differences in the variability 

of the hard palate were statistically significant. According to the results of this study, the 

analysed set of individuals started to show signs of sexual dimorphism at the age of 15 years, 

especially in the lateral and medial region of the palate, which is in agreement with Bigoni, 

Velem²nsk§, & BrŢģek (2010).  
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Females had a less deep and less high palate at the transverse palatal suture and a shorter 

palate in its posterior region compared to males of the same age, which Ursi, Trotman, 

McNamara, & Behrents (1993) considered a consequence of the delayed growth spurt in 

males. It has been confirmed that palate depth can be used to determine sex differences in 

the Indian population (Mankapure, Barpande, & Bhavthankar, 2017). In agreement with the 

present study, the mean values of palate depth were higher in males than in females, although 

not significantly. Sexual dimorphism of the palate in the Kashmiri population was 

manifested by significantly longer total palatal arch length and wider palate in males 

compared to females. No significant difference was found between the sexes in the anterior 

arch length (Qurashi, Bhat, & Jabeen, 2020). 

7.2.2 Assessment of facial symmetry in healthy individuals 

The assessment of directional asymmetry of the face including its age-related changes using 

a 3D-landmark-based approach on cross-sectional data of healthy adults was described in 

the study by Harn§dkov§ et al. (2023) (Appendix 5). Analysis of facial DA had a great 

potential to describe sub-facial details, which was of major importance for the treatment of 

orofacial cleft in many clinical fields. In the group of patients with cleft, it was essential to 

know how the overall DA of the face and its affected areas developed during ageing and how 

and to what extent it differed from healthy individuals.  

Manifestation of shape directional asymmetry and its variability in healthy population 

Assessment of age-related changes in facial asymmetry is crucial for individualized patient 

treatment (Linden, He, Morrison, Sullivan, & Taylor, 2018; Sajid, Taj, Bajwa, & Ratyal, 

2016; Vyas, Gibreel, & Mardini, 2022). The presence of DA was detected in all individuals 

in the present dataset, which is consistent with the general knowledge of the lack of perfect 

symmetry in the human face (Zheng et al., 2021). Despite significant sexual dimorphism, 

the overall pattern of asymmetry in facial shape showed similar trends within the groups 

studied. In general, the lower face has been described as the most asymmetrical region 

(Ferrario, Sforza, Miani, & Serrao, 1995; Linden et al., 2018), which is relevant in relation 

to patients with orofacial clefts and other orthodontic patients in whom mandibular deviation 

is often evaluated (Haraguchi et al., 2008).  

The analysed dataset showed a strong asymmetry of the lower third of the face with a 

tendency towards lateral deviation of the chin, regardless of age and sex, in agreement with 
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several studies based on 2D methodology and photographs (Ferrario et al., 1993; Haraguchi 

et al., 2008; Severt & Proffit, 1997). The results of this study revealed an ambiguous 

rightward deviation in all regions except the midline of the middle face, which was close to 

the ideal symmetrical mean. In general, the midline was shaped as a slightly bent letter C. 

The tip of the nose was deviated to the left side, which was consistent with other published 

results (Hafezi, Javdani, Naghibzadeh, & Ashtiani, 2017), although the degree of nasal 

deviation varied by age and sex. The upper part of the face and nose were rotated slightly 

clockwise in both sexes and all age groups, while the lower face was rotated 

counterclockwise. It could be argued that the asymmetry pattern of the slightly bent C 

created a larger right half of the face. Reasons for the larger right half of the face could 

include a faster growth of neurocrania on the right side (Cohen, 1995), a side preference for 

mimic muscles (Lindell, 2018), or mastication (Bigoni et al., 2010; Hodgetts & Hausmann, 

2020). 

Facial asymmetry was strongly age-dependent and increased with age (Linden et al., 2018; 

Sajid et al., 2016). The PCA method showed that the highest variability was manifested in 

the group of the elderly females and males. In our publication, age-related changes in facial 

asymmetry were more pronounced in males than in females, due to stronger morphological 

processes during ageing, as also shown by the PCA of sample variability. Facial asymmetry 

was therefore more stable with increasing age in females, so morphological processes of 

ageing were likely not as significant as in males. However, the progression of asymmetry 

was not due to age exclusively. In elderly age, the midline of the face still formed a slightly 

concave C-shape, whereas the other facial regions were close to the ideally symmetrical 

midline shape. The changes were likely dependent on gravity shift and/or a decline in skin 

quality (Albert, Ricanek, & Patterson, 2007; Nanda, Meng, Kapila, & Goorhuis, 1990). 

However, the chosen methodology could not assess whether hormonal or other factors were 

involved in the changes in asymmetry. 

Sex-specific changes in asymmetry were only observed in younger adulthood (20 to 40 years 

of age). Faces of males manifested more asymmetrical regions (nose, mouth, mandible) 

compared to females. Faces became more symmetrical with age, regardless of sex, and 

sexual dimorphism disappeared completely after the age of 40 years. In other studies, sexual 

dimorphism was not found in the DA in young adulthood (Linden et al., 2018). It is generally 

accepted that facial morphology is significantly influenced by androgens (Roosenboom et 
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al., 2018). This is consistent with the finding that sex differences decrease at the beginning 

of the period of sex hormones decline, after the age of 40 (BabczyŒska, Kawala, & Sarul, 

2022).  



66 

 

8 FUTURE DIRECTIONS AND CLINICAL IMPLICATIONS OF 

THE RESEARCH 

We seek to expand the current research by following more individuals with orofacial clefts 

longitudinally by using repeated measurements of the same individual over a long period of 

time. The advantage of longitudinal data is that they provide comprehensive information 

about the real growth, but due to the time and cost of collecting this type of data, fewer 

individuals are usually followed in this way. However, these data are needed to more 

accurately assess facial growth in patients with cleft without the burden of transverse data.  

Future research is directed towards the development and testing of a prediction model based 

on longitudinal 3D facial scans of patients with cleft. The aim of the proposed predictor will 

be to model the age progression/regression in preschool age patients. In the past years, a 

prediction algorithm based on 3D analysis of longitudinal data has already been developed 

in our laboratory. This included a healthy population in the period of adolescence and early 

adulthood and was mainly used for forensic purposes (identification of long-term missing 

persons, etc.) and biomedical applications (estimation of future development of facial 

structures, identification of individuals with craniofacial abnormalities) (Koudelov§ et al., 

2015, 2019). However, the aim of our future research is to develop a prediction algorithm 

based on the existing predictor which will be designed to meet the needs of individuals with 

orofacial cleft in childhood. The proposed prediction model will be applicable in clinical 

practice, where it would allow at least partial estimation of growth changes at a later age, 

thus identifying individuals who will require the application of appropriate secondary 

treatment and possibly the inclusion of orthognathic surgery in the treatment plan. The 

design of the predictor is linked to the development/modification of prediction algorithms 

and their implementation in Morphome3cs II. Simulation of age progression/regression will 

be performed in principal component (PC) space using non-linear models fitted to our 

dataset. The resulting PC scores will be converted back to the face surface and texture will 

be applied for a more accurate visual representation, with prediction testing performed by 

determining the average prediction error between the real and predicted face.  

Another important cornerstone of our research is the analysis of craniofacial asymmetry in 

patients with orofacial cleft. It is well known that patients (typically those with complete or 

incomplete UCLP) always present some degree of directional asymmetry of the hard (skull) 

or soft (face) tissues. Patients with cleft almost always have nasal deformities that appear 
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asymmetrical; these anatomical abnormalities are easily predictable in clinical practice but 

are more difficult to treat due to their wide range of phenotypic severity (Letra et al., 2007). 

The future aim is to evaluate the directional asymmetry of the face in patients with different 

types of cleft (UCLP, CL) in early childhood (two months to two years) using a combination 

of geometric morphometrics and landmark-based approaches. It is hypothesized that infants 

and toddlers with complete cleft will experience greater manifestations of asymmetry, 

whereas patients with CL will show symptoms of asymmetry consistent with healthy age-

matched individuals. We are also interested in how facial (a)symmetry is affected by surgery. 

It is expected that there will be an immediate improvement in nasal asymmetry after surgery, 

whereas an improvement in lip asymmetry will be observed after a longer period of time. 

Maxillofacial surgeries aim to achieve near-normal facial symmetry because the degree of 

symmetry shows a clear correlation with attractiveness. It is also important for biomedical 

practice to know and be able to compare the degree of asymmetry after different surgical 

corrections. It is also useful to evaluate the degree of asymmetry manifested with facial 

development from early childhood. Theoretically, treatment leading to a better growth of 

middle face and normal orolabial function should be positively associated with less 

asymmetry and more favourable aesthetic outcomes. 

The next phase of our research is to comprehensively evaluate the development of the face 

or its individual parts and the palate in as wide an age range as possible. This is what we aim 

to achieve in several follow-up studies focusing on facial or palatal development in older 

children. The growth of the palate and maxilla will be monitored in school-aged boys with 

UCLP (12 to 15 years of age) after undergoing the ECH. The aim is to evaluate the 

development of the dentoalveolar arch in the pre-pubertal period after the eruption of the 

permanent dentition. We intend to determine whether there is a move of the incisal region 

posteriorly, which may occur due to insufficient mineralization of the bones, which are 

consequently more flexible than in adulthood. Any reduction in the size of the dentoalveolar 

arch, which may lead to worsening of the orthodontic problems caused by the cleft, should 

be analysed and eliminated. Although some minimal deterioration in orthodontic 

relationships is offset by positive psychosocial development of the individuals, effects on 

speech, improved food intake, and others, the results of this future study should be 

considered when planning orthodontic treatment in clinical practice. Finally, future research 

will be directed towards the evaluation of facial development in patients of school age (5 to 

7 years) in order to verify whether the morphological and anatomical abnormalities of the 
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face typical of patients with cleft intensify with age. However, studies focusing on a broader 

age range should consider that only the combined effect of the surgeries performed to date 

can be evaluated and not the individual surgeries that the patient has undergone during the 

treatment process. 

In conclusion, future longitudinal follow-up studies are needed to more accurately assess 

facial or dentoalveolar arch growth in the patient groups analysed. At the same time, more 

comparative material needs to be collected, both from patients who have undergone standard 

cheiloplasty and from healthy individuals.  
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9 CONCLUSIONS 

This research sought to contribute to the understanding of how early neonatal cheiloplasty 

affects the real growth, development, and asymmetry of the facial and palatal surface of 

patients with orofacial clefts compared to healthy individuals.  

The following conclusions were reached: 

1) Early neonatal cheiloplasty in the first year of life does not negatively affect palatal 

growth in any direction according to the chosen methodology, regardless of type of 

cleft. The anterior growth of the dentoalveolar segments combined with the shaping 

effect of the reconstructive lip resulted in a reduction in the width of the alveolar cleft 

(Jaklov§ et al., 2020). Based on these results, the H1was accepted. 

(H1: The pressure exerted by the ECH will lead to forward displacement of the 

dentoalveolar segments and retraction of the premaxilla, thus achieving closure of 

the cleft and normalization of the premaxilla position in the first year of life). 

2) No limitation of anterior or posterior growth of the palate in children with UCLP and 

BCLP was observed during the first year of life, although more favourable growth of 

the dentoalveolar segments was manifested in the group with less severe UCLP. 

There was no negative effect of cleft severity on palatal length, which is considered 

an indicator of growth restriction (Koģejov§ Jaklov§ et al., 2021). On this basis, the 

H2 was accepted. 

(H2: Growth differences between the cUCLP and cBCLP groups will be more 

apparent in the transverse plane in the anterior direction of the palate, but these 

trends will not limit palatal growth in the anterior direction in any of the cleft types 

analysed). 

3) The most significant abnormalities in the patients with cleft compared to the norm in 

early childhood were in the middle face, which confirmed the H3. There was no 

significant progression of deviations from normal anatomy with increasing age, and 

the morphology improved slightly after the first year of life, probably due to the 

growth potential of the patients combined with early timing and appropriate 

combination of surgical procedures (Koģejov§ Jaklov§ et al., 2023a). 

(H3: Deviations from normal anatomy mainly concern the oronasal region, which is 

directly affected by the presence of the cleft). 
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4) The modelled growth of the female palate was non-linear, with the greatest changes 

in growth trends between 12 and 15 years of age, after which palatal morphology did 

not change significantly. Growth of the male palate was continuous and persisted 

until at least 19 years of age. Sexual dimorphism was observed at all ages and was 

manifested by a wider male palate in the lateral region and a higher male palate in 

the medial region (Koģejov§ Jaklov§ et al., 2023b). The H4 was accepted within our 

findings. 

(H4: Palatal growth stops in females at 15 years of age, whereas it continues in males 

until at least 19 years of age). 

5) The H5, which stated that facial DA was dependent on sex and on age, was only 

partially confirmed. Sexual dimorphism was only evident in individuals between the 

ages of 20 and 40 years. Moreover, the DA did not change in males after the age of 

40 years, which confirmed only a partial effect of age on DA development 

(Harn§dkov§ et al., 2023). 

(H5: The DA depends on sex and differs among age groups).  



71 

 

10 BIBLIOGRAPHY 
Agarwal, A., Rana, V., & Shafi, S. (2010). A feeding appliance for a newborn baby with cleft lip and palate. 

National Journal of Maxillofacial Surgery, 1(1), 91ï93.  

Ajanovic, Z., Dervisevic, L., Dervisevic, A., Sarac-Hadzihalilovic, A., Dervisevic, E., Bisceviĺ Tokic, J., 

Salihbegovic, A., Jugo, A., Aganovic, I., & Prasko, S. (2022). Sex prediction by geometric morphometric 

analysis of the hard palate. European Review for Medical and Pharmacological Sciences, 26(17), 6057ï

6064.  

Akin, Y., Ulgen, O., Gencosmanoglu, R., & Dogan, S. (1991). Early cheiloplasty: its effects on alveolar cleft. 

European Journal of Plastic Surgery, 14(4), 164ï167. 

Al-Rudainy, D., Ju, X., Mehendale, F., & Ayoub, A. (2018). Assessment of facial asymmetry before and after 

the surgical repair of cleft lip in unilateral cleft lip and palate cases. International Journal of Oral and 

Maxillofacial Surgery, 47(3), 411ï419. 

Albert, A. M., Ricanek, K. J., & Patterson, E. (2007). A review of the literature on the aging adult skull and 

face: Implications for forensic science research and applications. Forensic Science International, 172(1), 

1ï9.  

Alhadlaq, A. (2010). Anterior alveolar dimensions among different classifications of sagittal jaw relationship 

in Saudi subjects. The Saudi Dental Journal, 22(2), 69ï75.  

Almonaitiene, R., Balciuniene, I., & Tutkuviene, J. (2010). Factors influencing permanent teeth eruption. Part 

one - general factors. Stomatologija, 12(3), 67ï72. 

Ambrosio, E. C. P., Sforza, C., De Menezes, M., Gibelli, D., Codari, M., Carrara, C. F. C., Machado, M., A. 

A., M., & Oliveira, T. M. (2018). Longitudinal morphometric analysis of dental arch of children with 

cleft lip and palate: 3D stereophotogrammetry study. Oral Surgery, Oral Medicine, Oral Pathology and 

Oral Radiology, 126(6), 463ï468. 

Attiguppe, P. R., Karuna, Y. M., Yavagal, C., Naik, S. V, Deepak, B. M., Maganti, R., & Krishna, C. G. (2016). 

Presurgical nasoalveolar molding: A boon to facilitate the surgical repair in infants with cleft lip and 

palate. Contemporary Clinical Dentistry, 7(4), 569ï573. 

Ayoub, D. A., Garrahy, D. A., Millett, D. D., Bowman, D. A., Siebert, D. J. P., Miller, D. J., & Ray, D. A. 

(2011). Three-dimensional assessment of early surgical outcome in repaired unilateral cleft lip and 

palate: part 1. nasal changes. Cleft Palate Craniofacial Journal, 48(5), 571ï577.  

Ayub, P., Janson, G., Gribel, B., Lara T. S., & Garib, D. G. (2016). Analysis of the maxillary dental arch after 

rapid maxillary expansion in patients with unilateral complete cleft lip and palate. American Journal of 

Orthodontics and Dentofacial Orthopedics, 149(5), 705ï715.  

BabczyŒska, A., Kawala, B., & Sarul, M. (2022). Genetic factors that affect asymmetric mandibular growt ï a 

systematic review. Symmetry, 14(3), 490. 

Bardach, J., & Morris, H. L. (1990). Multidisciplinary management of cleft lip and palate. Canada: Saunders. 

Bardach, J., & Eisbach, K. J. (1977). The influence of primary unilateral cleft lip repair on facial growth ï 

Part 1: Lip pressure. The Cleft Palate Journal, 14(1), 88ï97. 

Bauer, F. X., G¿ll, F. D., Roth, M., Ritschl, L. M., Rau, A., Gau, D., Gruber, M., Eblenkamp, F. D., Himler, 

B., Wolff, K., D., & Loeffelbein, D. J. (2017). A prospective longitudinal study of postnatal dentoalveolar 

and palatal growth: The anatomical basis for CAD/CAM-assisted production of cleft-lip-palate feeding 



72 

 

plates. Clinical Anatomy (New York, N.Y.), 30(7), 846ï854.  

Bejdov§, Ġ., Kraj²ļek, V., Peterka, M., TrefnĨ, P., & Velem²nsk§, J. (2012). Variability in palatal shape and 

size in patients with bilateral complete cleft lip and palate assessed using dense surface model 

construction and 3D geometric morphometrics. Journal of Cranio-Maxillo-Facial Surgery꜡, 40(3), 201ï

208.  

Bell, A., Lo, T.-W. R., Brown, D., Bowman, A. W., Siebert, J. P., Simmons, D. R., Millet, D., T., & Ayoub, 

A. (2014). Three-dimensional assessment of facial appearance following surgical repair of unilateral cleft 

lip and palate. Cleft Palate Craniofacial Journal, 51(4), 462ï471. 

Berlin, N. F., Berssenbr¿gge, P., Runte, C., Wermker, K., Jung, S., Kleinheinz, J., & Dirksen, D. (2014). 

Quantification of facial asymmetry by 2D analysis - A comparison of recent approaches. Journal of 

Cranio-Maxillo-Facial Surgery, 42(3), 265ï271.  

Berryhill, W. (2016). Otologic concerns for cleft lip and palate patients. Oral and Maxillofacial Surgery Clinics 

of North America, 28(2), 177ï179.  

Bessell, A., Hooper, L., Shaw, W. C., Reilly, S., Reid, J., & Glenny, A.-M. (2011). Feeding interventions for 

growth and development in infants with cleft lip, cleft palate or cleft lip and palate. The Cochrane 

Database of Systematic Reviews, (2). 

Bigoni, L., Velem²nsk§, J., & BrŢģek, J. (2010). Three-dimensional geometric morphometric analysis of 

cranio-facial sexual dimorphism in a Central European sample of known sex. HOMO - Journal of 

Comparative Human Biology, 61(1), 16ï32.  

Bishara, S. E., de Arrendondo, R. S., Vales, H. P., & Jakobsen, J. R. (1985). Dentofacial relationships in persons 

with unoperated clefts: Comparisons between three cleft types. American Journal of Orthodontics, 87(6), 

481ï507.  

Bishara, S. E., Jakobsen, J. R., Treder, J., & Nowak, A. (1997). Arch width changes from 6 weeks to 45 years 

of age. American Journal of Orthodontics and Dentofacial Orthopedics, 111(4), 401ï409. 

Bitter, K. (2001). Repair of bilateral clefts of lip, alveolus and palate Part 1: A refined method for the lip-

adhesion in bilateral cleft lip and palate patients. Journal of Maxillofacial Surgery, 29(1), 39ï43. 

Borghini, A., Despars, J., Habersaat, S., Turpin, H., Monnier, M., Ansermet, F., Hohlfeld, J., & Muller-Nix, 

C. (2018). Attachment in infants with cleft lip and/or palate: marginal security and its changes over time. 

Infant Mental Health Journal, 39(2), 242ï253. 

BorskĨ, J., Tvrdek, M., Koz§k, J., Ļerny, M., & Zach, J. (2007). Our first experience with primary lip repair 

in newborns with cleft lip and palate. Acta Chirurgiae Plasticae, 49(4), 83ï87. 

BorskĨ, J. (2014). Nov§ modifikovan§ metoda neonat§ln² operace rozġtŊpu rtu. Praha: Univerzita Karlova. 

Dissertation thesis. 

BorskĨ, J., Velem²nsk§, J., Jurovļ²k, M., Koz§k, J., Hechtov§, D., Tvrdek, M., Ļerny, M., Kabelka, Z., Fajstavr, 

J., Janota, J., Zach, J., Peterkov§, R., & Peterka, M. (2012). Successful early neonatal repair of cleft lip 

within first 8 days of life. International Journal of Pediatric Otorhinolaryngology, 76(11), 1616ï1626. 

Boyce, J. O., Kilpatrick, N., Reilly, S., Da Costa, A., & Morgan, A. T. (2018). Receptive and expressive 

language characteristics of school-aged children with non-syndromic cleft lip and/or palate. International 

Journal of Language & Communication Disorders, 53(5), 959ï968. 

Boyce, J. O., Reilly, S., Skeat, J., & Cahir, P. (2019). ABM clinical protocol #17: Guidelines for breastfeeding 



73 

 

infants with cleft lip, cleft palate, or cleft lip and palate. Breastfeeding Medicine, 14(7), 437ï444. 

Boztepe, H., Ay, A., Kerimoĵlu Yēldēz, G., & ¢ēnar, S. (2016). Does the visibility of a congenital anomaly 

affect maternal-infant attachment levels? Journal for Specialists in Pediatric Nursing, 21(4), 200ï211.  

Braumann, D. B., Keilig, M. L., Bourauel, D. C., & Jªger, D. A. (2002). Three-dimensional analysis of 

morphological changes in the maxilla of patients with cleft lip and palate. The Cleft Palate-Craniofacial 

Journal, 39(1), 1ï11. 

Bromley, G. S., Rothaus, K. O., & Goulian, D. J. (1983). Cleft lip: Morbidity and mortality in early repair. 

Annals of Plastic Surgery, 10(3), 214ï217. 

Brons, S., Meulstee, J. W., Loonen, T. G. J., Nada, R. M., Kuijpers, M. A. R., Bronkhorst, E. M., Berge, J. S., 

Maal, J. J. T., & Kuijpers-Jagtman, A. M. (2019). Three-dimensional facial development of children with 

unilateral cleft lip and palate during the first year of life in comparison with normative average faces. 

PeerJ, (7).  

Bruggink, R., Baan, F., Kramer, G., Claessens, C., Kuijpers-Jagtman, A. M., Bronkhorst, E. M., Maal, J.J.T., 

& Ongkosuwito, E. (2020). The effect of lip closure on palatal growth in patients with unilateral clefts. 

PeerJ, 8, 9631.  

Brunner, J., Fuchs, S., & Perrier, P. (2009). On the relationship between palate shape and articulatory behavior. 

The Journal of the Acoustical Society of America, 125(6), 3936ï3949. 

Bugaighis, I., Mattick, C. R., Tiddeman, B., & Hobson, R. (2014a). 3D asymmetry of operated children with 

oral clefts. Orthodontics and Craniofacial Research, 17(1), 27ï37.  

Bugaighis, I., Mattick, C. R., Tiddeman, B., & Hobson, R. (2014b). 3D facial morphometry in children with 

oral clefts. The Cleft Palate-Craniofacial Journal, 51(4), 452ï461. 

Bugaighis, I., OôHiggins, P., Tiddeman, B., Mattick, C., Ben Ali, O., & Hobson, R. (2010). Three-dimensional 

geometric morphometrics applied to the study of children with cleft lip and/or palate from the North East 

of England. European Journal of Orthodontics, 32(5), 514ï521. 

Burianov§, I., ĻernĨ, M., BorskĨ, J., Zilinsk§, K., Dornakov§, J., Martin, A., & Janota, J. (2020). Duration of 

surgery, ventilation, and length of hospital stay do not affect breastfeeding in newborns after early cleft 

lip repair. The Cleft Palate Craniofacial Journal, 58(2), 146ï152. 

Campbell, A., Costello, B. J., & Ruiz, R. L. (2010). Cleft lip and palate surgery: An update of clinical outcomes 

for primary repair. Oral and Maxillofacial Surgery Clinics of North America, 22(1), 43ï58. 

Capelozza Filho, L., Correa Normando, A. D., & Da Silva Filho, O. G. (1996). Isolated influences of lip and 

palate surgery on facial growth: Comparison of operated and unoperated male adults with UCLP. The 

Cleft Palate Journal, 33(1), 51ï56. 

Cassell, C. H., Daniels, J., & Meyer, R. E. (2009). Timeliness of primary cleft lip/palate surgery. The Cleft 

Palate-Craniofacial Journal, 46(6), 588ï597. 

Chang, F.-L., Chen, C.-H., Cheng, H.-L., Chang, C.-Y., Leong, J.-L., Chang, Y.-T., Leong, J.-L., Chang, Y.-

T., Cheng, Y.-F., & Liao, W.-H. (2022). Efficacy of ventilation tube insertion with palatal repair for otitis 

media in cleft palate: Meta-analysis and trial sequential analysis. Journal of Personalized Medicine, 

12(2). 

Chapman, K. L. (2011). The relationship between early reading skills and speech and language performance 

in young children with cleft lip and palate. The Cleft Palate-Craniofacial Journal, 48(3), 301ï311. 



74 

 

Chiu, Y.-T., Liao, Y.-F., & Chen, P. K.-T. (2011). Initial cleft severity and maxillary growth in patients with 

complete unilateral cleft lip and palate. American Journal of Orthodontics and Dentofacial Orthopedics, 

140(2), 189ï195. 

Choi, Y. Y. (2020). Relationship between orthodontic treatment and dental caries: Results from a national 

survey. International Dental Journal, 70(1), 38ï44. 

Chouinard, A.-F., Kaban, L. B., & Peacock, Z. S. (2018). Acquired abnormalities of the temporomandibular 

joint. Oral and Maxillofacial Surgery Clinics of North America, 30(1), 83ï96. 

Claes, P., Walters, M., Vandermeulen, D., & Clement, J. G. (2011). Spatially-dense 3D facial asymmetry 

assessment in both typical and disordered growth. Journal of Anatomy, 219(4), 444ï455.  

Cohen, M. M. J. (1995). Perspectives on craniofacial asymmetry. III. Common and/or well-known causes of 

asymmetry. International Journal of Oral and Maxillofacial Surgery, 24(2), 127ï133. 

Cohen, M., Marschall, M. A., & Schafer, M. E. (1992). Immediate unrestricted feeding of infants following 

cleft lip and palate repair. The Journal of Craniofacial Surgery, 3(1), 30ï32. 

Corbo, M., Dujardin, T., de Maertelaer, V., Malevez, C., & Glineur, R. (2005). Dentocraniofacial morphology 

of 21 patients with unilateral cleft lip and palate: A cephalometric study. The Cleft Palate-Craniofacial 

Journal, 42(6), 618ï624. 

Da Silva Filho, O. G., Carvalho Lauris, R. C., Capelozza Filho, L., & Semb, G. (1998). Craniofacial 

morphology in adult patients with unoperated complete bilateral cleft lip and palate. The Cleft Palate-

Craniofacial Journal, 35(2), 111ï119. 

Dad§kov§, M., Cag§Ŕov§, V., Dupej, J., Hoffmannov§, E., BorskĨ, J., & Velem²nsk§, J. (2016). Three-

dimensional evaluation of facial morphology in pre-school cleft patients following neonatal cheiloplasty. 

Journal of Cranio-Maxillo-Facial Surgery, 44(9), 1109ï1116. 

Dahl, E. (1970). Craniofacial morphology in congenital clefts of the lip and palate. An x-ray cephalometric 

study of young adult males. Acta Odontologica Scandinavica, 28, 11. 

Darzi, M. A., Chowdri, N. A., & Bhat, A. N. (1996). Breast feeding or spoon feeding after cleft lip repair: 

A prospective, randomised study. British Journal of Plastic Surgery, 49(1), 24ï26. 

Davalbhakta, A., & Hall, P. N. (2000). The impact of antenatal diagnosis on the effectiveness and timing of 

counselling for cleft lip and palate. British Journal of Plastic Surgery, 53(4), 298ï301.  

De Menezes, M., Cer·n-Zapata, A. M., L·pez-Palacio, A. M., Mapelli, A., Pisoni, L., & Sforza, C. (2016). 

Evaluation of a three-dimensional stereophotogrammetric method to identify and measure the palatal 

surface area in children with unilateral cleft lip and palate. The Cleft Palate Craniofacial Journal, 53(1), 

16ï21.  

Diah, E., Lo, L.-J., Huang, C.-S., Sudjatmiko, G., Susanto, I., & Chen, Y.-R. (2007). Maxillary growth of adult 

patients with unoperated cleft: Answers to the debates. Journal of Plastic, Reconstructive & Aesthetic 

Surgery, 60(4), 407ï413.  

DiMaggio, C., Sun, L. S., Kakavouli, A., Byrne, M. W., & Li, G. (2009). A retrospective cohort study of the 

association of anesthesia and hernia repair surgery with behavioral and developmental disorders in young 

children. Journal of Neurosurgical Anesthesiology, 21(4), 286ï291. 

Djordjevic, J., Lewis, B. M., Donaghy, C. E., Zhurov, A. I., Knox, J., Hunter, L., & Richmond, S. (2014). 

Facial shape and asymmetry in 5-year-old children with repaired unilateral cleft lip and/or palate: 



75 

 

An exploratory study using laser scanning. European Journal of Orthodontics, 36(5), 497ï505.  

Duffy, S., Noar, J. H., Evans, R. D., & Sanders, R. (2000). Three-dimensional analysis of the child cleft face. 

The Cleft Palate-Craniofacial Journal, 37(2), 137ï144. 

Eichhorn, W., Blessmann, M., Vorwig, O., Gehrke, G., Schmelzle, R., & Heiland, M. (2011). Influence of lip 

closure on alveolar cleft width in patients with cleft lip and palate. Head & Face Medicine, 7(3).  

Eliason, M. J., Hadford, S., Green, L., & Reeves, T. (2020). Incidence of fistula formation and velopharyngeal 

insufficiency in early versus standard cleft palate repair. Journal of Craniofacial Surgery, 31(4), 980ï

982.  

Eppley, B. L., van Aalst, J. A., Robey, A., Havlik, R. J., & Sadove, A. M. (2005). The spectrum of orofacial 

clefting. Plastic and Reconstructive Surgery, 115(7), 101ï114.  

Eslami Amirabadi, G., Golshah, A., Derakhshan, S., Khandan, S., Saeidipour, M., & Nikkerdar, N. (2018). 

Palatal dimensions at different stages of dentition in 5 to 18-year-old Iranian children and adolescent 

with normal occlusion. BMC Oral Health, 18(1), 87. 

Falzoni, M M M, Jorge, P. K., Laskos, K. V, Carrara, C. F. C., Machado, M. A. A., Valarelli, F. P., & Oliveira, 

T. M. (2016). Three-dimensional dental arch evaluation of children with unilateral complete cleft lip and 

palate. Dental, Oral and Craniofacial Research, 2(2), 238ï241. 

Falzoni, M. M. M., Ambrosio, E. C. P., Jorge, P. K., Sforza, C., de Menezes, M., de Carvalho Carrara, C. F., 

Valerelli, F. P., Soares, S., Machado, M. A. A. M., & Oliveira, T. M. (2022). 3D morphometric evaluation 

of the dental arches in children with cleft lip and palate submitted to different surgical techniques. 

Clinical Oral Investigations, 26(2), 1975ï1983.  

Farrera, A., Villanueva, M., Quinto-S§nchez, M., & Gonz§lez-Jos®, R. (2015). The relationship between facial 

shape asymmetry and attractiveness in Mexican students. American Journal of Human Biology, 27(3), 

387ï396. 

Fatima, F., & Fida, M. (2019). The assessment of resting tongue posture in different sagittal skeletal patterns. 

Dental Press Journal of Orthodontics, 24(3), 55ï63. 

Fearmonti, R., Bond, J., Erdmann, D., & Levinson, H. (2010). A review of scar scales and scar measuring 

devices. Eplasty, 10, 43. 

Felton, M., Lee, J. W., Balumuka, D. D., Arneja, J. S., & Chadha, N. K. (2018). Early placement of ventilation 

tubes in infants with cleft lip and palate: A systematic review. OtolaryngologyïHead and Neck Surgery, 

158(3), 459ï464. 

Fernandes, V. M., Jorge, P. K., Carrara, C. F. C., Gomide, M. R., Machado, M. A. A. M., & Oliveira, T. M. 

(2015). Three-dimensional digital evaluation of dental arches in infants with cleft lip and/or palate. 

Brazilian Dental Journal, 26(3), 297ï302. 

Ferrario, V F, Sforza, C., Miani, A. J., & Serrao, G. (1995). A three-dimensional evaluation of human facial 

asymmetry. Journal of Anatomy, 186(1), 103ï110. 

Ferrario, V F, Sforza, C., Pizzini, G., Vogel, G., & Miani, A. (1993). Sexual dimorphism in the human face 

assessed by euclidean distance matrix analysis. Journal of Anatomy, 183 (3), 593ï600. 

Ferrario, V F, Sforza, C., Poggio, C. E., & Schmitz, J. H. (1997). Three-dimensional study of growth and 

development of the nose. The Cleft Palate-Craniofacial Journal, 34(4), 309ï317. 

Ferrario, V F, Sforza, C., Poggio, C. E., & Schmitz, J. H. (1998). Facial volume changes during normal human 



76 

 

growth and development. The Anatomical Record, 250(4), 480ï487.  

Ferrario, Virgilio F, Sforza, C., Dellavia, C., Tartaglia, G. M., Colombo, A., & Car½, A. (2003). A quantitative 

three-dimensional assessment of soft tissue facial asymmetry of cleft lip and palate adult patients. The 

Journal of Craniofacial Surgery, 14(5), 739ï746. 

Flores, R. L., & Shetye, P. R. (2019). The nasoalveolar molding (NAM) treatment protocol. The Cleft Palate 

Craniofacial Journal, 56(8), 1124ï1125. 

Flynn, T., Mºller, C., Jºnsson, R., & Lohmander, A. The high prevalence of otitis media with effusion in 

children with cleft lip and palate as compared to children without clefts. International Journal of 

Pediatric Otorhinolaryngology, 73(10), 1141ï1446. 

Friede, H. (2007). Maxillary growth controversies after two-stage palatal repair with delayed hard palate 

closure in unilateral cleft lip and palate patients: Perspectives from literature and personal experience. 

The Cleft Palate-Craniofacial Journal, 44(2), 129ï136. 

Fudalej, P., Hortis-Dzierzbicka, M., Dudkiewicz, Z., & Semb, G. (2009). Dental arch relationship in children 

with complete unilateral cleft lip and palate following Warsaw (one-stage repair) and Oslo protocols. 

The Cleft Palate-Craniofacial Journal, 46(6), 648ï653. 

Goel, P., Wolfswinkel, E. M., Fahradyan, A., Magee, W., Urata, M. M., & Hammoudeh, J. A. (2019). Early 

cleft repair versus nasoalveolar molding: Comparing preoperative severity and postoperative results 

utilizing a computer engineered AI system. Plastic and Reconstructive Surgery, 7(8-1). 

Goodacre, T. E. E., Hentges, F., Moss, T. L. H., Short, V., & Murray, L. (2004). Does repairing a cleft lip 

neonatally have any effect on the longer-term attractiveness of the repair? Cleft Palate-Craniofacial 

Journal, 41(6), 603ï608. 

Guneren, E., Canter, H. I., Yildiz, K., Kayan, R. B., Ozpur, M. A., Baygol, E. G., Sagir, H.O., Kuzu, I. M. K., 

Akman, O., & Arslan, S. (2015). One-stage cleft lip and palate repair in an older population. Journal of 

Craniofacial Surgery, 26(5).  

Hafezi, F., Javdani, A., Naghibzadeh, B., & Ashtiani, A. K. (2017). Laterality and left-sidedness in the nose, 

face, and body: A new finding. Plastic and Reconstructive Surgery, 5(12), 1590. 

Hammoudeh, J. A., Imahiyerobo, T. A., Liang, F., Fahradyan, A., Urbinelli, L., Lau, J., Matar, M., Magee, W., 

& Urata, M. (2017). Early cleft lip repair revisited: A safe and effective approach utilizing 

a multidisciplinary protocol. Plastic and Reconstructive Surgery, 5(6), 1340. 

Hamtilov§, M. (2011). Hodnocen² morfologie patra u BCLP pacientŢ s palatolaliemi. Praha: Univerzita 

Karlova. Diploma thesis. 

Hansen, T. G., Pedersen, J. K., Henneberg, S. W., Pedersen, D. A., Murray, J. C., Morton, N. S., & Christensen, 

K. (2011). Academic performance in adolescence after inguinal hernia repair in infancy: A nationwide 

cohort study. Anesthesiology, 114(5), 1076ï1085. 

Haque, S., & Alam, M. K. (2015). Common dental anomalies in cleft lip and palate patients. The Malaysian 

Journal of Medical Sciences, 22(2), 55ï60. 

Haraguchi, S., Iguchi, Y., & Takada, K. (2008). Asymmetry of the face in orthodontic patients. The Angle 

Orthodontist, 78(3), 421ï426.  

Harila, V., Ylikontiola, L. P., Palola, R., & Sandor, G. K. (2012). Maxillary arch dimensions in cleft infants in 

Northern Finland. Acta Odontologica Scandinavica, 71(3ï4), 930ï936. 



77 

 

Harn§dkov§, K., Koļandrlov§, K., Koģejov§ Jaklov§, L., Velem²nsk§, J. (2023). The effect of sex and age on 

facial shape directional asymmetry in adults: A 3D landmarks-based method study. PLoS ONE. 18(8), 

0288702.  

Harris, P. A., Oliver, N. K., Slater, P., Murdoch, L., & Moss, A. L. H. (2010). Safety of neonatal cleft lip repair. 

Journal of Plastic Surgery and Hand Surgery, 44(4ï5), 231ï236. 

Heidsieck, D. S. P., Smarius, B. J. A., Oomen, K. P. Q., & Breugem, C. C. (2016). The role of the tensor veli 

palatini muscle in the development of cleft palate-associated middle ear problems. Clinical Oral 

Investigations, 20(7), 1389ï1401. 

Hesby, R. M., Marshall, S. D., Dawson, D. V., Southard, K. A., Casko, J. S., Franciscus, R. G., & Southard, 

T. E. (2006). Transverse skeletal and dentoalveolar changes during growth. American Journal of 

Orthodontics and Dentofacial Orthopedics, 130(6), 721ï731. 

Hodges, A. M. (2010). Combined early cleft lip and palate repair in children under 10 months ï A series of 

106 patients. Journal of Plastic, Reconstructive & Aesthetic Surgery, 63(11), 1813ï1819. 

Hodgetts, S., & Hausmann, M. (2020). Antipsychotic effects of sex hormones and atypical hemispheric 

asymmetries. Cortex, 127, 313ï332. 

Hoffmannov§, E, Moslerov§, V., Dupej, J., BorskĨ, J., Bejdov§, Ġ., & Velem²nsk§, J. (2018). Three-

dimensional development of the upper dental arch in unilateral cleft lip and palate patients after early 

neonatal cheiloplasty. International Journal of Pediatric Otorhinolaryngology, 109, 1ï6.  

Hoffmannov§, E., Bejdov§, Ġ., BorskĨ, J., Dupej, J., Cag§Ŕov§, V., & Velem²nsk§, J. (2016). Palatal growth 

in complete unilateral cleft lip and palate patients following neonatal cheiloplasty: Classic and geometric 

morphometric assessment. International Journal of Pediatric Otorhinolaryngology, 90, 71ï76. 

Honda, Y., Suzuki, A., Ohishi, M., & Tashiro, H. (1995). Longitudinal study on the changes of maxillary arch 

dimensions in Japanese children with cleft lip and/or palate: Infancy to 4 years of age. The Cleft Palate-

Craniofacial Journal, 32(2), 149ï155. 

Hood, C. A., Bock, M., Hosey, M. T., Bowman, A., & Ayoub, A. F. (2003). Facial asymmetry - 3D assessment 

of infants with cleft lip & palate. International Journal of Paediatric Dentistry, 13(6), 404ï410. 

Hood, C. A., Hosey, M. T., Bock, M., White, J., Ray, A., & Ayoub, A. F. (2004). Facial characterization of 

infants with cleft lip and palate using a three-dimensional capture technique. The Cleft Palate-

Craniofacial Journal, 41(1), 27ï35.  

Huang, C.-S., Wang, W.-I., Liou, E. J.-W., Chen, Y.-R., Chen, P. K.-T., & Noordhoff, M. S. (2002). Effects 

of cheiloplasty on maxillary dental arch development in infants with unilateral complete cleft lip and 

palate. The Cleft Palate-Craniofacial Journal, 39(5), 513ï516. 

Hwang, H.-W., Park, J.-H., Moon, J.-H., Yu, Y., Kim, H., Her, S.-B., Srinivasan, G., Aljanabi, M. N. A., & 

Lee, S.-J. (2020). Automated identification of cephalometric landmarks: Part 2-Might it be better than 

human? The Angle Orthodontist, 90(1), 69ï76.  

Ishiguro, K., Krogman, W. M., Mazaheri, M., & Harding, R. L. (1976). A longitudinal study of morphological 

craniofacial patterns via P-A x-ray headfilms in cleft patients from birth to six years of age. The Cleft 

Palate Journal, 13, 104ï126. 

Jaklov§, L., BorskĨ, J., Jurovļ²k, M., Hoffmannov§, E., ĻernĨ, M., Dupej, J., & Velem²nsk§, J. (2020). Three-

dimensional development of the palate in bilateral orofacial cleft newborns 1 year after early neonatal 



78 

 

cheiloplasty: Classic and geometric morphometric evaluation. Journal of Cranio-Maxillofacial Surgery, 

48(4), 383ï390.  

Jel²nek, R., Peterka, M., & Dost§l, M. (1983). RozġtŊp rtu a patra v obraze experimentu. Praha: Univerzita 

Karlova. 

Jodeh, D. S., Soni, S., Cray, J. J., & Rottgers, S. A. (2020). Degree of asymmetry between patients with 

complete and incomplete cleft lips. The Cleft Palate Craniofacial Journal, 58(5), 539ï545.  

Johns, A. L., Hershfield, J. A., Seifu, N. M., & Haynes, K. A. (2018). Postpartum depression in mothers of 

infants with cleft lip and/or palate. The Journal of Craniofacial Surgery, 29(4), 354ï358.  

Jorge, K. P., Gnoinski, W., Vaz, K., Fel²cio, C., Carrara, C., Gamba, D., Ozawa, O. T., Machado, M.A.A.M., 

Valerelli, F.P. & Pinelli, F. (2016). Comparison of two treatment protocols in children with unilateral 

complete cleft lip and palate: Three-dimensional evaluation of the maxillary dental arch. Journal of 

Cranio-Maxillofacial Surgery, 44(9), 1117ï1122.  

Jurovļ²k, M., BorskĨ, J., Dytrych, P., ĻernĨ, M., Velem²nsk§, J., Koģejov§ Jaklov§, L., Kotaġka, K., 

Hanouskov§, L., & SkŚivan, J. (2020). First symptoms of secretory otitis media in newborns operated for 

cleft defect in a ten year group. Otorinolaryngologie a Foniatrie, 69, 55ï61. 

Kaipainen, A. E., Sieber, K. R., Nada, R. M., Maal, T. J., Katsaros, C., & Fudalej, P. S. (2016). Regional facial 

asymmetries and attractiveness of the face. European Journal of Orthodontics, 38(6), 602ï608. 

Kantar, R. S., Rifkin, W. J., Cammarata, M. J., Maliha, S. G., Diaz-Siso, J. R., Farber, S. J., & Flores, R. L. 

(2018). Single-stage primary cleft lip and palate repair: A review of the literature. Annals of Plastic 

Surgery, 81(5). 

Kaye, A., Thaete, K., Snell, A., Chesser, C., Goldak, C., & Huff, H. (2017). Initial nutritional assessment of 

infants with cleft lip and/or palate: Interventions and return to birth weight. The Cleft Palate-Craniofacial 

Journal, 54(2), 127ï136.  

Khanna, R., Tikku, T., Verma, S. L., Verma, G., & Dwivedi, S. (2020). Comparison of maxillofacial growth 

characteristics in patients with and without cleft lip and palate. Journal of Cleft Lip Palate and 

Craniofacial Anomalies, 7(1).  

Kim, H.-Y. (2023). A case report on ground-level alternobaric vertigo due to Eustachian tube dysfunction with 

the assistance of conversational generative pre-trained transformer (ChatGPT). Cureus, 15(3), 36830. 

Kluge, J., Bruggink, R., Pandis, N., Unkovskiy, A., Jost-Brinkmann, P.-G., Kuijpers-Jagtman, A. M., 

& Bartzela, T. (2023). Longitudinal three-dimensional stereophotogrammetric growth analysis in infants 

with unilateral cleft lip and palate from 3 to 12 months of age. Journal of Clinical Medicine, 12(20), 

6432. 

Kondra, K., Stanton, E., Jimenez, C., Ngo, K., Wlodarczyk, J., Jacob, L., Munabi, C. O. N., Chen, K., Urata, 

M. M., & Hammoudeh, J. A. (2023). Rethinking the rule of 10s: Early cleft lip repair improves weight 

gain. The Cleft Palate-Craniofacial Journal, 60(3), 306ï312. 

Kongprasert, T., Winaikosol, K., Pisek, A., Manosudprasit, A., Manosudprasit, A., Wangsrimongkol, B., & 

Pisek, P. (2019). Evaluation of the effects of cheiloplasty on maxillary arch in UCLP infants using three-

dimensional digital models. The Cleft Palate Craniofacial Journal, 56(8), 1013ï1019. 

Koġkov§, O., Vokurkov§, J., Vokurka, J., Bryġova, A., ĠenovskĨ, P., Ļefel²nov§, J., Luk§ġov§, D., 

Dorociakov§, P., & AbelovskĨ, J. (2016). Treatment outcome after neonatal cleft lip repair in 5-year-old 



79 

 

children with unilateral cleft lip and palate. International Journal of Pediatric Otorhinolaryngology, 87, 

71ï77. 

Kotaġka, K., Hanouskov§, L., PrŢġa, R., BorskĨ, J., Dytrych, P., & Jurovļ²k, M. (2021). Hyaluronic acid 

concentration in the middle ear fluid as an indicator of severity of the secretory otitis in newborns with 

cleft palate. Acta Biochimica Polonica, 68(4), 795ï797. 

KoŠov§, M., Urbanov§, W., Sukop, A., Peterkov§, R., Peterka, M., & Petrov§, T. (2019). Dentoalveolar arch 

dimensions in UCLP boys after neonatal cheiloplasty or after lip surgery at the age of 3 or 6 months. The 

Cleft Palate-Craniofacial Journal, 56(8), 1020ï1025.  

Koudelov§, J., Dupej, J., BrŢģek, J., Sedlak, P., & Velem²nsk§, J. (2015). Modelling of facial growth in Czech 
children based on longitudinal data: Age progression from 12 to 15 years using 3D surface models. 

Forensic Science International, 248, 33ï40.  

Koudelov§, J., Hoffmannov§, E., Dupej, J., & Velem²nsk§, J. (2019). Simulation of facial growth based on 

longitudinal data: Age progression and age regression between 7 and 17 years of age using 3D surface 

data. PLoS ONE, 14(2).  

Koģejov§ Jaklov§, L., Hoffmannov§, E., Dupej, J., BorskĨ, J., Jurovļ²k, M., ĻernĨ, M., & Velem²nsk§, J. 

(2021). Palatal growth changes in newborns with unilateral and bilateral cleft lip and palate from birth 

until 12 months after early neonatal cheiloplasty using morphometric assessment. Clinical Oral 

Investigations, 25(6), 3809ï3821. 

Koģejov§ Jaklov§, L., Koļandrlov§, K., Dupej, J., BorskĨ, J., Velem²nsk§, J. (2023a). Morphometric 

assessment of facial morphology in infants with orofacial clefts up to two years of age: A three-

dimensional cross-sectional study. The Cleft Palate Craniofacial Journal. 

Koģejov§ Jaklov§, L., Velem²nsk§, J., Dupej, J., Moravec, T., Bejdov§, Ġ. (2023b). Palatal surface development 

from 6 years of age to early adulthood: data modelling using 3D geometric morphometrics. Clinical Oral 

Investigations. 27(5), 2347ï2358.  

Kramer, G. J., Hoeksma, J. B., & Prahl-Andersen, B. (1994). Palatal changes after lip surgery in different types 

of cleft lip and palate. The Cleft Palate-Craniofacial Journal, 31(5), 376ï384.  

Kramer, G. J., Hoeksma, J. B., & Prahl-Andersen, B. (1996). Early palatal changes after initial palatal surgery 

in children with cleft lip and palate. The Cleft Palate-Craniofacial Journal, 33(2), 104ï111.  

Kreiborg, S., Hermann, N. V., & Darvann, T. A. (1981). Characteristics of facial morphology and growth in 

infants with clefts. Cleft Lip and Palate, 225ï235. 

Krimmel, M., Breidt, M., Bacher, M., M¿ller-Hagedorn, S., Dietz, K., B¿lthoff, H., Reinert, S., & Kluba, S. 

(2015). Three-dimensional normal facial growth from birth to the age of 7 years. Plastic and 

Reconstructive Surgery, 136(4), 490ï501.  

Kuijpers, M. A., Desmedt, D. J., Nada, R. M., Berg®, S. J., Fudalej, P. S., & Maal, T. J. (2015). Regional facial 

asymmetries in unilateral orofacial clefts. European Journal of Orthodontics, 37(6), 636ï642. 

Kummer, A. W. (2018). A pediatricianôs guide to communication disorders secondary to cleft lip/palate. 

Pediatric Clinics of North America, 65(1), 31ï46. 

Kuo, C.-L., Lien, C.-F., Chu, C.-H., & Shiao, A.-S. (2013). Otitis media with effusion in children with cleft lip 

and palate: A narrative review. International Journal of Pediatric Otorhinolaryngology, 77(9), 1403ï

1409.  



80 

 

Landheer, J. A., Breugem, C. C., & Van Der Molen, A. B. M. (2010). Fistula incidence and predictors of fistula 

occurrence after cleft palate repair: Two-stage closure versus one-stage closure. The Cleft Palate 

Craniofacial Journal, 47(6), 623ï630. 

Langford, R. J., Sgouros, S., Natarajan, K., Nishikawa, H., Dover, M. S., & Hockley, A. D. (2003). Maxillary 

volume growth in childhood. Plastic and Reconstructive Surgery, 111(5), 1591ï1597. 

Laowansiri, U., Behrents, R. G., Araujo, E., Oliver, D. R., & Buschang, P. H. (2013). Maxillary growth and 

maturation during infancy and early childhood. The Angle Orthodontist, 83(4), 563ï571. 

Latief, B. S., Kuijpers, M. A. R., Stebel, A., Kuijpers-Jagtman, A. M., & Fudalej, P. S. (2020). Pattern of 

morphological variability in unrepaired unilateral clefts with and without cleft palate may suggest 

intrinsic growth deficiency. Frontiers in Cell and Developmental Biology, 8, 587859. 

Latif, A., Kuijpers, M. A. R., Rachwalski, M., Latief, B. S., Kuijpers-Jagtman, A. M., & Fudalej, P. S. (2020). 

Morphological variability in unrepaired bilateral clefts with and without cleft palate evaluated with 

geometric morphometrics. Journal of Anatomy, 236(3), 425ï433. 

Lentge, K., Lentge, F., Zeller, A.-N., Gellrich, N.-C., Tavassol, F., Korn, P., & Spalthoff, S. (2022). Cleft lip 

and palate: The psychological burden of affected parents during the first three years of their childrenôs 

lives. International Journal of Oral and Maxillofacial Surgery, 51(11), 1462ï1468. 

Letra, A., Menezes, R., Granjeiro, J.M., & Vieira, A.R. (2007). Defining subphenotypes for oral clefts based 

on dental development. Journal of Dental Research, 86(10), 986ï991. 

Lewin, L. M. (1964). Management of cleft lip and palate in the United States and Canada. Report of a survey. 

Plastic and Reconstructive Surgery, 33, 383ï394.  

Li, J., Johnson, C. A., Smith, A. A., Hunter, D. J., Singh, G., Brunski, J. B., & Helms, J. A. (2016). Linking 

suckling biomechanics to the development of the palate. Scientific Reports, 6(1), 20419.  

Liao, Y.-F., Huang, C.-S., Tsai, Y.-Y., & Noordhoff, M. S. (2004). Craniofacial morphology in children with 

complete bilateral cleft lip and palate: Does infantile size of the premaxilla predetermine outcome? The 

Cleft Palate-Craniofacial Journal, 41(4), 410ï415. 

Liao, Y.-F., Prasad, N. K. K., Chiu, Y.-T., Yun, C., & Chen, P. K.-T. (2010). Cleft size at the time of palate 

repair in complete unilateral cleft lip and palate as an indicator of maxillary growth. International Journal 

of Oral and Maxillofacial Surgery, 39(10), 956ï961. 

Liberton, D. K., Verma, P., Almpani, K., Fung, P. W., Mishra, R., Oberoi, S., ķenel, ¢. F., Mah, J. K., Huang, 

J., Padwa, B.L. & Lee, J. S. (2020). Craniofacial analysis may indicate co-occurrence of skeletal 

malocclusions and associated risks in development of cleft lip and palate. Journal of Developmental 

Biology, 8.  

Lindell, A. (2018). Lateralization of the expression of facial emotion in humans. Progress in Brain Research, 

238, 249ï270.  

Linden, O. E., He, J. K., Morrison, C. S., Sullivan, S. R., & Taylor, H. O. B. (2018). The Relationship between 

Age and Facial Asymmetry. Plastic and Reconstructive Surgery, 142(5), 1145ï1152. 

Liu, Y.-P., Behrents, R. G., & Buschang, P. H. (2010). Mandibular growth, remodeling, and maturation during 

infancy and early childhood. The Angle Orthodontist, 80(1), 97ï105. 

Loepke, A. W., McGowan, F. X. J., & Soriano, S. G. (2008). CON: The toxic effects of anesthetics in the 

developing brain: The clinical perspective. Anesthesia and Analgesia, 106(6), 1664ï1669.  



81 

 

Lum, V., Goonewardene, M. S., Mian, A., & Eastwood, P. (2020). Three-dimensional assessment of facial 

asymmetry using dense correspondence, symmetry, and midline analysis. American Journal of 

Orthodontics and Dentofacial Orthopedics, 158(1), 134ï146.  

Mankapure, P. K., Barpande, S. R., & Bhavthankar, J. D. (2017). Evaluation of sexual dimorphism in arch 

depth and palatal depth in 500 young adults of Marathwada region, India. Journal of Forensic Dental 

Sciences, 9(3), 153ï156.  

Mars, M., & Houston, W. J. (1990). A preliminary study of facial growth and morphology in unoperated male 

unilateral cleft lip and palate subjects over 13 years of age. The Cleft Palate Journal, 27(1), 7ï10.  

Mart²n-Del-Campo, M., Rosales-Iba¶ez, R., & Rojo, L. (2019). Biomaterials for cleft lip and palate 

regeneration. International Journal of Molecular Sciences, 20(9).  

Martinez-Maza, C., Rosas, A., & Nieto-D²az, M. (2013). Postnatal changes in the growth dynamics of the 

human face revealed from bone modelling patterns. Journal of Anatomy, 223(3), 228ï241.  

Mateu, R., Ģivicov§, V., Krejļ², E. D., Grim, M., Strnad, H., Vlļek, C., Kol§Ś, M., Lacina, L., G§l, P., BorskĨ, 

J., Smetana, K., & DvoŚankov§, B. (2016). Functional differences between neonatal and adult fibroblasts 

and keratinocytes: Donor age affects epithelial-mesenchymal crosstalk in vitro. International Journal of 

Molecular Medicine, 38(4), 1063ï1074. 

Matsunaka, E., Ueki, S., & Makimoto, K. (2019). Impact of breastfeeding and/or bottle-feeding on surgical 

wound dehiscence after cleft lip repair in infants: A systematic review. Journal of Cranio-Maxillofacial 

Surgery, 47(4), 570ï577.  

Matthews, H. S., Palmer, R. L., Baynam, G. S., Quarrell, O. W., Klein, O. D., Spritz, R. A., Hennekam, R.C., 

Walsh, S., Shriver, M., Weinberg, S. M., Hallgrimsson, B., Hammond, P., Penington, A. J., Peeters, H., 

& Claes, P. D. (2021). Large-scale open-source three-dimensional growth curves for clinical facial 

assessment and objective description of facial dysmorphism. Scientific Reports, 11(1), 12175.  

McHeik, J. N., Sfalli, P., Bondonny, J. M., & Levard, G. (2006). Early repair for infants with cleft lip and nose. 

International Journal of Pediatric Otorhinolaryngology, 70(10), 1785ï1790.  

Mello, B. Z. F., Ambrosio, E. C. P., Jorge, P. K., de Menezes, M., Carrara, C. F. C., Soares, S., Valarelli, F.P., 

Machado, M.A.A.M. & Oliveira, T. M. (2019). Analysis of dental arch in children with oral cleft before 

and after the primary surgeries. The Journal of Craniofacial Surgery, 30(8), 2456ï2458.  

Melsen, B. (1975). Palatal growth studied on human autopsy material. A histologic microradiographic study. 

American Journal of Orthodontics, 68(1), 42ï54.  

Meyer-Marcotty, P., Gerdes, A. B. M., Reuther, T., Stellzig-Eisenhauer, A., & Alpers, G. W. (2010). Persons 

with cleft lip and palate are looked at differently. Journal of Dental Research, 89(4), 400ï404.  

Mildinhall, S. (2012). Speech and language in the patient with cleft palate. Frontiers of Oral Biology, 16, 137ï

146.  

Mishima, K., Mori, Y., Sugahara, T., & Sakuda, M. (2001). Comparison between the palatal configurations in 

complete and incomplete unilateral cleft lip and palate infants under 18 months of age. The Cleft Palate-

Craniofacial Journal, 38(1), 49ï54. 

Mohammad-Rahimi, H., Nadimi, M., Rohban, M. H., Shamsoddin, E., Lee, V. Y., & Motamedian, S. R. (2021). 

Machine learning and orthodontics, current trends and the future opportunities: A scoping review. 

American Journal of Orthodontics and Dentofacial Orthopedics, 160(2), 170ï192. 



82 

 

Mßlsted, K., & Dahl, E. (1990). Asymmetry of the maxilla in children with complete unilateral cleft lip and 

palate. The Cleft Palate Journal, 27(2), 182ï184. 

Moore, E. R., Bergman, N., Anderson, G. C., & Medley, N. (2016). Early skin-to-skin contact for mothers and 

their healthy newborn infants. The Cochrane Database of Systematic Reviews, 11(11). 

Moreira, I., Suri, S., Ross, B., Tompson, B., Fisher, D., & Lou, W. (2014). Soft-tissue profile growth in patients 

with repaired complete unilateral cleft lip and palate: A cephalometric comparison with normal controls 

at ages 7, 11, and 18 years. American Journal of Orthodontics and Dentofacial Orthopedics, 145(3), 

341ï358.  

Morioka, D., Mandrano, N., Fujimoto, H., Koga, Y., Sato, N., Tosa, Y., Ohkubo, F., & Yoshimoto, S. (2018). 

Longitudinal follow-up of individuals with cleft lip using three-dimensional stereophotogrammetry. 

Journal of Craniofacial Surgery, 29(5), 1261ï1265.  

Moslerov§, V., Dad§kov§, M., Dupej, J., Hoffmannova, E., BorskĨ, J., ĻernĨ, M., Bejda, P., Koļandrlov§, K., 

& Velem²nsk§, J. (2018). Three-dimensional assessment of facial asymmetry in preschool patients with 

orofacial clefts after neonatal cheiloplasty. International Journal of Pediatric Otorhinolaryngology, 108, 

40ï45.  

Mu, L., Chen, J., Li, J., Fowkes, M., Benson, B., Nyirenda, T., Sobotka, S., Christopherson, M., & Sanders, I. 

(2021). Innervation of human soft palate muscles. Anatomical Record, 304(5), 1054ï1070.  

Nanda, R. S., Meng, H., Kapila, S., & Goorhuis, J. (1990). Growth changes in the soft tissue facial profile. The 

Angle Orthodontist, 60(3), 177ï190.  

Ngo, K., Jacob, L., Wlodarczyk, J., Youn, S., Urata, M. M., & Hammoudeh, J. A. (2021). The effect of early 

cleft lip repair on infant weight gain. Plastic and Reconstructive Surgery, 9(10), 61ï62. 

Nishikubo, M., Hirahara, N., Gomi, A., Nozoe, E., & Nakamura, N. (2009). 3-D Analysis of palatal 

morphology associated with palatalized articulation in patients with unilateral cleft lip and palate. Oral 

Science International, 6(1), 36ï45.  

Nollet, P. J. P. M., Katsaros, C., Huyskens, R. W. F., Borstlap, W. A., Bronkhorst, E. M., & Kuijpers-Jagtman, 

A. M. (2008). Cephalometric evaluation of long-term craniofacial development in unilateral cleft lip and 

palate patients treated with delayed hard palate closure. International Journal of Oral and Maxillofacial 

Surgery, 37(2), 123ï130. 

Okazaki, K., Kato, M., & Onizuka, T. (1991). Palate morphology in children with cleft palate with palatalized 

articulation. Annals of Plastic Surgery, 26(2), 156ï163. 

Oliver, J. D., Turner, E. C., Halpern, L. R., Jia, S., Schneider, P., & DôSouza, R. N. (2020). Molecular 

diagnostics and in utero therapeutics for orofacial clefts. Journal of Dental Research, 99(11), 1221ï1227.  

Onah, I. I., Amanari, C. O., Onwuagha, I., & Jac-Okereke, C. A. (2020). Outcomes of cleft palate surgeries at 

the national orthopaedic hospital, Enugu, Nigeria: November 2008 - November 2013. Annals of Ibadan 

Postgraduate Medicine, 18(1), S39ïS44. 

Oxilia, G., Menghi Sartorio, J. C., Bortolini, E., Zampirolo, G., Papini, A., Boggioni, M., Martini, S., Marciani, 

F., Arrighi, S., Figus, C., Marciani, G., Romandini, M., Silvestrini, S., Pedrosi, M.E., Mori, T., Riga, A., 

Kullmer, O., Sarig, R., Fiorenza, L., Giganti, M., Sorrentino, R., Belcastro, M.G., Cecchi, J.M., & 

Benazzi, S. (2021). Exploring directional and fluctuating asymmetry in the human palate during growth. 

American Journal of Physical Anthropology, 175(4), 847ï864. 



83 

 

Ozt¿rk, S., Deveci, M., Sengezer, M., & G¿nhan, O. (2001). Results of artificial inflammation in scarless foetal 

wound healing: An experimental study in foetal lambs. British Journal of Plastic Surgery, 54(1), 47ï52.  

Ozt¿rk, S., Karagoz, H., Zor, F., Inangil, G., & Kara, K. (2016). Fetal cleft lip/palate surgery: End of a dream? 

Fetal and Pediatric Pathology, 35(4), 277ï281.  

Pai, B. C. J., Hung, Y.-T., Wang, R. S. H., & Lo, L.-J. (2019). Outcome of patients with complete unilateral 

cleft lip and palate: 20-year follow-up of a treatment protocol. Plastic and Reconstructive Surgery, 

143(2), 359ï367. 

Parwaz, M. A., Sharma, R. K., Parashar, A., Nanda, V., Biswas, G., & Makkar, S. (2009). Width of cleft palate 

and postoperative palatal fistula ï Do they correlate? Journal of Plastic, Reconstructive & Aesthetic 

Surgery, 62(12), 1559ï1563.  

Patel, A., Islam, S. M. S., Murray, K., & Goonewardene, M. S. (2015). Facial asymmetry assessment in adults 

using three-dimensional surface imaging. Progress in Orthodontics, 16(1), 36.  

Petr§ļkov§, I., Zach, J., BorskĨ, J., ĻernĨ, M., Hacklov§, R., Tvrdek, M., & Janota, J. (2015). Early and late 

operation of cleft lip and intelligence quotient and psychosocial development in 3ï7 years. Early Human 

Development, 91(2), 149ï152.  

Pontes, F., Callegaris, G., & Freitas, R. da S. (2020). Spontaneous growth of the palatal plates in the cleft lip 

and palate. The Cleft Palate Craniofacial Journal, 58(10), 1251ï1256.  

Prado, D. Z. A., Ambrosio, E. C. P., Jorge, P. K., Sforza, C., De Menezes, M., Soares, S., Carrara, C.F.C., 

Valarelli, F.P., Machado, M.A.A.M., & Oliveira, T. M. (2022). Evaluation of cheiloplasty and 

palatoplasty on palate surface area in children with oral clefts: Longitudinal study. The British Journal 

of Oral & Maxillofacial Surgery, 60(4), 437ï442.  

Qurashi, N., Bhat, F. A., & Jabeen, N. (2020). Morphometric evaluation of palate for sexual dimorphism in 

Kashmiri population. International Journal of Applied Dental Science 6(1), 70ï73. 

Reid, J. (2004). A review of feeding interventions for infants with cleft palate. The Cleft Palate-Craniofacial 

Journal, 41(3), 268ï278.  

Reid, J., Reilly, S., & Kilpatrick, N. (2007). Sucking performance of babies with cleft conditions. The Cleft 

Palate-Craniofacial Journal, 44(3), 312ï320.  

Reiser, D. E., Skoog, D. V., & Andlin-Sobocki, D. A. (2013). Early dimensional changes in maxillary cleft 

size and arch dimensions of children with cleft lip and palate and cleft palate. The Cleft Palate-

Craniofacial Journal, 50(4), 481ï490.  

Robbins, J. M., Damiano, P., Druschel, C. M., Hobbs, C. A., Romitti, P. A., Austin, A. A., Tyler, M., Reading, 

A., & Burnett, W. (2010). Prenatal diagnosis of orofacial clefts: Association with maternal satisfaction, 

team care, and treatment outcomes. The Cleft Palate-Craniofacial Journal, 47(5), 476ï481.  

Roohani, I., Trotter, C., Shakoori, P., Moshal, T. A., Lasky, S., Manasyan, A., Wolfe, E.M., Magee, W.P, & 

Hammoudeh, J. A. (2023). Lessons learned from a single institutionôs eight years of experience with 

early cleft lip repair. Medicina (Kaunas, Lithuania), 59(10), 1741.  

Roosenboom, J., Indencleef, K., Lee, M. K., Hoskens, H., White, J. D., Liu, D., Hecht, J.T., Wehby, G.L., 

Moreno, L.M., Hodges-Simeon, C., Feingold, E., Marazita, M.L., Richmond, S., Shriver, M.D., Claes, 

P., Shaffer, J.R., & Weinberg, S. M. (2018). SNPs associated with testosterone levels influence human 

facial morphology. Frontiers in Genetics, 9, 497.  



84 

 

Ruskov§, H., Bejdov§, Ġ., Peterka, M., Kraj²ļek, V., & Velem²nsk§, J. (2014). 3-D shape analysis of palatal 

surface in patients with unilateral complete cleft lip and palate. Journal of Cranio-Maxillo-Facial 

Surgery, 42(5), 140ï147. 

Safari, S., Mahdian, A., & Motamedian, S. R. (2018). Applications of stem cells in orthodontics and dentofacial 

orthopedics: Current trends and future perspectives. World Journal of Stem Cells, 10(6), 66ï77.  

Sajid, M., Taj, I. A., Bajwa, U. I., & Ratyal, N. I. (2016). The role of facial asymmetry in recognizing age-

separated face images. Computers & Electrical Engineering, 54, 255ï270.  

Sakoda, K. L., Jorge, P.K., Carrara, C.F.C., Machado, M.A.A.M., Valarelli, F.P., Pinzan, A., Oliveira, T.M. 

(2017). 3D analysis of effects of primary surgeries in cleft lip/palate children during the first two years 

of life. Brazilian Oral Research, 31, 3ï8.  

Savoldi, F., Wong, K. K., Yeung, A. W. K., Tsoi, J. K. H., Gu, M., & Bornstein, M. M. (2022). Midpalatal 

suture maturation staging using cone beam computed tomography in patients aged between 9 to 21 years. 

Scientific Reports, 12(1), 4318. 

Scheller, K., Urich, J., Scheller, C., & Watzke, S. (2020). Psychosocial and socioeconomically aspects of 

mothers having a child with cleft lip and/or palate (CL/P): A pilot-study during the first year of life. 

Journal of Clinical and Experimental Dentistry, 12(9), 864ï869.  

Schoenbrunner, A. R., Dalle Ore, C. L., Lance, S., McIntyre, J., Jones, M., & Gosman, A. (2017). Effect of 

surgeon volume and craniofacial fellowship training on cleft palate complication rates. Annals of Plastic 

Surgery, 78(5 Suppl 4), 229ï232.  

Schweckendiek, W., & Doz, P. (1978). Primary veloplasty: long-term results without maxillary deformity. 

A twenty-five year report. The Cleft Palate Journal, 15(3), 268ï274. 

Semb, G. (1991). A study of facial growth in patients with bilateral cleft lip and palate treated by the Oslo CLP 

Team. The Cleft Palate-Craniofacial Journal, 28(1), 22ï28. 

Severt, T. R., & Proffit, W. R. (1997). The prevalence of facial asymmetry in the dentofacial deformities 

population at the University of North Carolina. The International Journal of Adult Orthodontics and 

Orthognathic Surgery, 12(3), 171ï176. 

Sharma, R. K., & Nanda, V. (2009). Problems of middle ear and hearing in cleft children. Indian Journal of 

Plastic Surgery, 42, 144ï148.  

Shi, B., & Losee, J. E. (2015). The impact of cleft lip and palate repair on maxillofacial growth. International 

Journal of Oral Science, 7(1), 14ï17.  

Silinevica, S., Lokmane, K., Vuollo, V., Jakobsone, G., & Pirttiniemi, P. (2023). The association between 

dental and facial symmetry in adolescents. American Journal of Orthodontics and Dentofacial 

Orthopedics, 164(3), 340ï350.  

Singh, G., Levy-Bercowski, D., Y§¶ez, M., & Santiago, P. (2007). Three-dimensional facial morphology 

following surgical repair of unilateral cleft lip and palate in patients after nasoalveolar molding. 

Orthodontics & Craniofacial Research, 10(3), 161ï166. 

Slade, P., Emerson, D. J., & Freedlander, E. (1999). A longitudinal comparison of the psychological impact on 

mothers of neonatal and 3 month repair of cleft lip. British Journal of Plastic Surgery, 52(1), 1ï5.  

Ġmahel, Z. (2001). Principy, teorie a metody auxologie. Praha: Karolinum. 

Ġmahel, Z., & Brejcha, M. (1983). Differences in craniofacial morphology between complete and incomplete 



85 

 

unilateral cleft lip and palate in adults. The Cleft Palate Journal, 20(2), 113ï127. 

Ġmahel, Z, HradiskĨ, D., & M¿llerov§, Z. (1999). Multivariate comparison of craniofacial morphology in 

different types of facial clefts. Acta Chirurgiae Plasticae, 41(2), 59ï65. 

Ġmahel, Z., & M¿llerov§, Ģ. (2000). RŢst a vĨvoj obliļeje u rozġtŊpu a/nebo patra: Kraniofaci§ln² odchylky, 

jejich pŚ²ļiny a dŢsledky. Ļesk§ Stomatologie, 100(1), 9ï16. 

Ġmahel, Z., TrefnĨ, P., Form§nek, P., M¿llerov§, Z., & Peterka, M. (2003). Three-dimensional morphology of 

the palate in subjects with isolated cleft palate at the stage of permanent dentition. The Cleft Palate-

Craniofacial Journal 40(6), 577ï584. 

Song, C. Il, Kang, B. C., Shin, C. H., An, Y. S., Kim, T. S., Lim, H. W., Shim, H.J., Yoo, M.H., & Ahn, J. H. 

(2021). Postoperative results of ventilation tube insertion: A retrospective multicenter study for 

suggestion of grading system of otitis media with effusion. BMC Pediatrics, 21(1), 375.  

Song, Y., Qiao, X., Iwamoto, Y., & Chen, Y. W. (2020). Automatic cephalometric landmark detection on X-

ray images using a deep-learning method. Applied Sciences (Switzerland), 10(7).  

Sousa, A. D., Devare, S., & Ghanshani, J. (2009). Psychological issues in cleft lip and cleft palate. Journal of 

Indian Association of Pediatric Surgeons, 14(2), 55ï58.  

Srivastava, M., Aggarwal, A., Batra, P., Datana, S., Kumar, P., & Macrcusson, K.A. (2014). Association of 

cervical vertrebra anomalies with cleft lip andpalate. Journal of Cleft Lip Palate and Craniofacial 

Anomalies, 1, 43ï47.  

Stanton, E., Roohani, I., Shakoori, P., Fahradyan, A., Urata, M. M., & Hammoudeh, J. A. (2023). Comparing 

outcomes of traditional lip repair vs. early cleft lip repair on a national scale. Plastic and Reconstructive 

Surgery Global Open, 11(5), 113.  

Stephens, P., Saunders, P., & Bingham, R. (1997). Neonatal cleft lip repair: A retrospective review of 

anaesthetic complications. Paediatric Anaesthesia, 7(1), 33ï36.  

Steward, D. J. (1982). Preterm infants are more prone to complications following minor surgery than are term 

infants. Anesthesiology, 56(4), 304ï306.  

Sun, L. (2010). Early childhood general anaesthesia exposure and neurocognitive development. British Journal 

of Anaesthesia, 105, 61ï68.  

Swennenm G., Berten, J.-L., Kramer, F.-J., Malevez, Ch., De May, A., Schwestka-Polly, R., & Hausamen, J.-

E. (2004). Mandibular morphology in complete unilateral cleft lip and palate. The Cleft Palate 

Craniofacial Journal, 41(4), 403ï409. 

Thiesen, G., Gribel, B. F., & Freitas, M. P. M. (2015). Facial asymmetry: A current review. Dental Press 

Journal of Orthodontics, 20(6), 110ï125. 

Torrecillas, V., Pollard, S. H., McCrary, H., Taylor, H. M., Palmer, A., Meier, J., Muntz, H., & Skirko, J. R. 

(2021). Management of velopharyngeal insufficiency in cleft patients with and without multidisciplinary 

team care. The Cleft Palate-Craniofacial Journal, 58(4), 479ï488.  

Tsuchiya, S., Tsuchiya M., Momma, H., Koseki, T., Igarashi, K., Nagatomi, R., Arima, T., Yaegashi, N. & 

Japan Environment & Childrenôs Study Group. (2019). Association of cleft lip and palate on mother-to-

infant bonding: A cross-sectional study in the Japan Environment and Childrenôs Study (JECS). BMC 

Pediatrics, 19, 505. 

Urbanov§, W., KoŠov§, M., & VaŔkov§, Z. (2013). The incidence of cleft lip and palate in the Czech Republic 



86 

 

in 1994ï2008. Bratislavsk® Lek§rske Listy, 114(8), 474ï479.  

Ursi, W. J., Trotman, C. A., McNamara, J. A. J., & Behrents, R. G. (1993). Sexual dimorphism in normal 

craniofacial growth. The Angle Orthodontist, 63(1), 47ï56. 

Valentov§-Stren§ļikov§, S., & Malina, R. (2016). Effects of early and late cheiloplasty on anterior part of 

maxillary dental arch development in infants with unilateral complete cleft lip and palate. PeerJ, 4, 1620.  

Van Horne, B. S., Caughy, M. O., Canfield, M., Case, A. P., Greeley, C. S., Morgan, R., & Mitchell, L. E. 

(2018). First-time maltreatment in children ages 2-10 with and without specific birth defects: 

A population-based study. Child Abuse & Neglect, 84, 53ï63.  

Vi¶as, M. J., Galiotto-Barba, F., Cortez-Lede, M. G., Rodr²guez-Gonz§lez, M. Ć., Moral, I., Delso, E., 

Gonz§lez-Meli, B., Lobo, F., L·pez-Cedr¼n, J.L., Neagu, D., Garatea, J., Garatea, A., Berenguer, B., 

Lorca-Garc²a, C., Delgado, M.D., Mart², E., Guti®rrez, J. M., Hern§ndez,C., Murillo-Gonz§lez, J., 

Mart²nez-Ćlvarez, C., & Mart²nez-Sanz, E. (2022). Craniofacial and three-dimensional palatal analysis 

in cleft lip and palate patients treated in Spain. Scientific Reports, 12(1), 18837. 

Vutskits, L., Davis, P. J., & Hansen, T. G. (2012). Anesthetics and the developing brain: Time for a change in 

practice? A pro/con debate. Paediatric Anaesthesia, 22(10), 973ï980.  

Vyas, K., Gibreel, W., & Mardini, S. (2022). Virtual surgical planning (VSP) in craniomaxillofacial 

reconstruction. Facial Plastic Surgery Clinics of North America, 30(2), 239ï253.  

Wada, T., Mizokawa, N., Miyazaki, T., & Ergen, G. (1984). Maxillary dental arch growth in different types of 

cleft. The Cleft Palate Journal, 21(3), 180ï192. 

Weatherley-White, R. C., Kuehn, D. P., Mirrett, P., Gilman, J. I., & Weatherley-White, C. C. (1987). Early 

repair and breast-feeding for infants with cleft lip. Plastic and Reconstructive Surgery, 79(6), 879ï887. 

Wehby, G. L., & Cassell, C. H. (2010). The impact of orofacial clefts on quality of life and healthcare use and 

costs. Oral Diseases, 16(1), 3ï10. 

Wei, W., Ho, E. S. L., McCay, K. D., Damaġeviļius, R., MaskeliȊnas, R., & Esposito, A. (2022). Assessing 

facial symmetry and attractiveness using augmented reality. Pattern Analysis and Applications, 25(3), 

635ï651.  

Wilder, R. T., Flick, R. P., Sprung, J., Katusic, S. K., Barbaresi, W. J., Mickelson, C., Gleich, S.J., Schroeder, 

D.R., Weaver, L. A., & Warner, D. O. (2009). Early exposure to anesthesia and learning disabilities in a 

population-based birth cohort. Anesthesiology, 110(4), 796ï804.  

Wilhelmsen, H. R., & Musgrave, R. H. (1966). Complications of cleft lip surgery. The Cleft Palate Journal, 3, 

223ï231. 

Wlodarczyk, J. R., Higuchi, E. C., Liu, A., Urata, M. M., Gabreel, W., Wolfswinkel, E. M., Lau, J., Matar, M., 

Magee, W.P., Urata, M.M., & Hammoudeh, J. A. (2021). Assessing the safety of a novel neonatal 

anesthesia protocol: A review of 101 patients with early cleft lip repair. The Journal of Craniofacial 

Surgery, 32(8), 2682ï2686.  

Wlodarczyk, J. R., Wolfswinkel, E. M., Liu, A., Fahradyan, A., Higuchi, E., Goel, P., Urata, M.M., Magee, 

W.P., & Hammoudeh, J. A. (2022). Early cleft lip repair: Demonstrating efficacy in the first 100 patients. 

Plastic and Reconstructive Surgery, 150(5), 1073ï1080. 

Wlodarczyk, J., Wolfswinkel, E. M., Liu, A., Fahradyan, A., Goel, P., Magee, W. P. I. I. I., & Hammoudeh, J. 

A. (2020). A novel protocol in early cleft lip repair: Demonstrating efficacy and safety in the first 100 



87 

 

patients. Plastic and Reconstructive Surgery, 8(9), 49ï50.  

Wong, K. W. F., Keeling, A., Achal, K., & Khambay, B. (2019). Using three-dimensional average facial 

meshes to determine nasolabial soft tissue deformity in adult UCLP patients. The Surgeon, 17(1), 19ï27.  

Wyszynski, D. F. (2002). Cleft lip and palate: From origin to treatment. Oxford: Oxford University Press. 

Xu, X., Kwon, H.-J., Shi, B., Zheng, Q., Yin, H., & Li, C. (2015). Influence of different palate repair protocols 

on facial growth in unilateral complete cleft lip and palate. Journal of Cranio-Maxillofacial Surgery, 

43(1), 43ï47.  

Ye, B., Wu, Y., Zhou, Y., Jing, H., Hu, J., & Zhang, G. (2015). A comparative cephalometric study for adult 

operated cleft palate and unoperated cleft palate patients. Journal of Cranio-Maxillofacial Surgery, 

43(7), 1218ï1223.  

You, K.-H., Lee, K.-J., Lee, S.-H., & Baik, H.-S. (2010). Three-dimensional computed tomography analysis 

of mandibular morphology in patients with facial asymmetry and mandibular prognathism. American 

Journal of Orthodontics and Dentofacial Orthopedics, 138(5), 541ï548. 

Zheng, R., Ren, D., Xie, C., Pan, J., & Zhou, G. (2021). Normality mediates the effect of symmetry on facial 

attractiveness. Acta Psychologica, 217. 

Zheng, Z.-W., Fang, Y.-M., & Lin, C.-X. (2016). Isolated influences of surgery repair on maxillofacial growth 

in complete unilateral cleft lip and palate. Journal of Oral and Maxillofacial Surgery, 74(8), 1649ï1657.  

Ģivicov§, V., Lacina, L., Mateu, R., Smetana, K. J., Kavkov§, R., Drobn§ Krejļ², E., Grim, M., Kvasilov§, A., 

BorskĨ, J., Strnad, H., Hradilov§, M., Ġ§chov§, J., Kol§Ś, M., & DvoŚ§nkov§, B. (2017). Analysis of 

dermal fibroblasts isolated from neonatal and child cleft lip and adult skin: Developmental implications 

on reconstructive surgery. International Journal of Molecular Medicine, 40(5), 1323ï1334.  

Zreaqat, M., Hassan, R., & Halim, A. S. (2012). Facial dimensions of Malay children with repaired unilateral 

cleft lip and palate: a three dimensional analysis. International Journal of Oral and Maxillofacial 

Surgery, 41(6), 783ï788.  

  



88 

 

11 APPENDICES 

11.1 List of submitted publications 

Jaklov§, L., BorskĨ, J., Jurovļ²k, M., Hoffmannov§, E., ĻernĨ, M., Dupej, J., & Velem²nsk§, 

J. (2020). Three-dimensional development of the palate in bilateral orofacial cleft newborns 

1 year after early neonatal cheiloplasty: Classic and geometric morphometric evaluation. 

Journal of Cranio-Maxillofacial Surgery. 48(4), 383ï390. 

Koģejov§ Jaklov§, L., Hoffmannov§, E., Dupej, J., BorskĨ, J., Jurovļ²k M., ĻernĨ, M., 

& Velem²nsk§, J. (2021). Palatal growth changes in newborns with unilateral and bilateral 

cleft lip and palate from birth until 12 months after early neonatal cheiloplasty using 

morphometric assessment. Clinical Oral Investigations. 25(6), 3809ï3821.  

Koģejov§ Jaklov§, L., Koļandrlov§, K., Dupej, J., BorskĨ, J., & Velem²nsk§, J. (2023a). 

Morphometric assessment of facial morphology in infants with orofacial clefts up to two 

years of age: A three-dimensional cross-sectional study. Cleft Palate Craniofacial Journal.  

Koģejov§ Jaklov§, L., Velem²nsk§, J., Dupej, J., Moravec, T., & Bejdov§, Ġ. (2023b). 

Palatal surface development from 6 years of age to early adulthood: Data modelling using 

3D geometric morphometrics. Clinical Oral Investigations. 27(5), 2347ï2358.  

Harn§dkov§, K., Koļandrlov§, K., Koģejov§ Jaklov§, L., & Velem²nsk§, J. (2023). The 

effect of sex and age on facial shape directional asymmetry in adults: A 3D landmarks-based 

method study. PLoS ONE. 18(8), 0288702. 

 

 

 

 

 

 

 

 



89 

 

Appendix 1 

 



90 

 



91 

 



92 

 



93 

 



94 

 



95 

 



96 

 

 



97 

 

Appendix 2 

 



98 

 










































































































