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Figure 3 presents the various sub-phenotypes within the three oral cleft categories and 

Figure 4 shows the categories on 2D ultrasound scan. The most common type within the first 

category (I) is the unilateral incomplete cleft lip/alveolus (Figures 3:I and 4:I),7 which results from 

defective outgrowth of the lip/alveolus or from disturbed differentiation of its mesenchyme 

into bone and musculature (9-14 weeks gestation, ≥17 mm CRL).1, 4 As the fusion process of 

the primary palate is completed at this stage, the incomplete cleft lip/alveolus always shows a 

tissue bridge at the base of the nostril (Figure 2:I and 4:I; Vermeij-Keers et al. submitted).1, 4 In 

the second category (II), the unilateral or bilateral complete cleft lip/alveolus and palate (Figures 

3:II and 4:IIa and IIb) is the most frequently observed sub-phenotype.7 This type is caused by 

defective fusion of the facial swellings (6.5-9 weeks gestation, ≤17 mm CRL) and subsequent 

defective fusion of the palatal shelves (9-14 weeks gestation, ≥17 mm CRL).1, 4, 11 In contrast 

to the incomplete cleft lip/alveolus (I), these complete sub-phenotypes do not show a tissue 

Figure 2. Ultrasound classification of oral (I-III) and craniofacial clefts (IV-VI) in fetuses of 20 weeks 
gestation. The most frequent sub-phenotypes are underlined within the categories: 
I.	 Unilateral or bilateral complete or incomplete cleft lip/alveolus; 
IIa.	 Unilateral complete or incomplete cleft lip/alveolus and palate (including bifid uvula, not shown); 
IIb.	 Bilateral complete or incomplete cleft lip/alveolus and palate (including bifid uvula; and if complete, 

with protrusion of the prolabium and premaxillae);
III.	 Complete or incomplete cleft palate including bifid uvula;
IV.	 Complete median cleft lip and palate with hypotelorism (that is, agenesis of the premaxillae, 

prolabium, and nasal septum combined with holoprosencephaly; these cases are always 
microcephalic); 

V.	 Incomplete median cleft lip (alveolus) with or without hypertelorism (combined with a flat bifid 
nose, and the alveolar cleft is located at the absent intermaxillary suture);

VI.	 Atypical facial clefts (located at extra sutures of facial bones, such as the maxilla; in these cases, the 
nose is normal and not affected by the cleft). 
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Figure 3. Various cleft sub-phenotypes within the three oral cleft categories: I. cleft lip/alveolus only, II. 
cleft lip/alveolus and palate, and III. cleft palate only, viewed from the oral side (based on Van der Meulen 
et al., 1990).6 The most frequent sub-phenotypes are underlined. From left to right: 
I.	 Unilateral complete or incomplete cleft lip; unilateral complete or incomplete cleft lip with 

incomplete cleft alveolus; unilateral complete cleft lip and alveolus; bilateral complete cleft lip and 
alveolus (with protrusion of the prolabium and premaxillae);

II.	 Unilateral complete cleft lip and alveolus with complete cleft soft palate (including a bifid uvula); 
unilateral complete cleft lip, alveolus, hard palate, and soft palate; unilateral complete cleft lip, 
alveolus, hard palate, and soft palate with contra-lateral incomplete cleft hard palate; bilateral 
complete cleft lip, alveolus, hard palate, and soft palate (with protrusion of the prolabium and 
premaxillae);

III.	 Complete cleft soft palate (including a bifid uvula; the dotted line indicates the border between the 
hard and soft palates); complete cleft soft palate with incomplete cleft hard palate; complete cleft 
soft and hard palates.
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bridge at the base of the nostril and the alveolar deformity generally extends to the incisive 

foramen (Vermeij-Keers et al. submitted).4, 11 Although the unilateral and bilateral forms of this 

cleft type result from similar embryonic processes, it is clinically relevant to further distinguish 

them (Figure 2:IIa and IIb), because the bilateral forms are more frequently associated with 

other anomalies than unilateral forms.9 In the third main category (III), the complete cleft soft 

palate and complete cleft hard and soft (including the uvula; Figure 3:III) are most commonly 

observed.7 Both sub-phenotypes result from disrupted fusion of the palatal shelves. As these 

shelves fuse in a fronto-occipital direction, starting at the incisive foramen and ending at the 

uvula, the time of disruption determines whether there will be a complete or incomplete cleft 

of the hard and/or soft palate including the uvula (Vermeij-Keers et al. submitted).4 In other 

words, if the fusion process is disrupted at a later stage, more of the hard/soft palate will be 

intact. Consequently, a complete cleft hard and soft palate precedes a complete/incomplete 

cleft of the soft palate only. Furthermore, palatal clefts always show a bifid uvula (Figure 3:III).4, 

6 Using this latter structure, Wilhelm and Borgers37 recently developed a new technique to 

improve the prenatal detection of isolated cleft palates. They found that an intact uvula can 

be visualized as the ‘equals sign’ and that absence of this typical presentation indicates a cleft 

palate. 

Craniofacial clefts

With respect to prenatal outcome and counseling, it is crucial to distinguish craniofacial clefts 

from oral clefts, because they are associated with other (more severe) congenital anomalies 

and almost always have underlying chromosomal abnormalities, and thus have a different 

prognosis.19, 30 Consequently, these cases require invasive prenatal testing and specific coun-

seling, focusing on parent’s options, termination of pregnancy being one of them. Based on 

their different underlying embryonic mechanisms and associations with other anomalies, 

craniofacial clefts should be further divided into three categories: IV) complete median cleft 

lip and palate with hypotelorism, V) incomplete median cleft lip (alveolus) with or without hyper-

telorism, and VI) atypical facial cleft (Figure 2:IV-VI). The first category (IV) is the most commonly 

described craniofacial cleft and is also known as ‘midline cleft lip and palate’, which is part of 

the holoprosencephaly series.33, 58, 65 This craniofacial anomaly is prenatally characterized by 

microcephaly as well as agenesis of both premaxillae, the prolabium, and the nasal septum 

combined with cleft palate and hypotelorism (Figures 2:IV and 4:IV) and originates from early 

embryological stages (4-5.5 weeks gestation, 1-3 mm CRL). Holoprosencephaly in category 

IV concerns the semilobar or incomplete form and is caused by insufficient outgrowth of the 

neural walls and consequently of the telencephalic hemispheres,66 leading to agenesis of the 

olfactory bulbs, agenesis or hypoplasia of the corpus callosum, and undivided thalami in later 

developmental stages.58 Additionally, both medial nasal processes do not develop and there is 

no interplacodal area. In the embryonic face, both nasal placodes fuse to one single placode.10, 

11, 58 It is important to realize that these cases always have associated anomalies (chromosomal 
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Figure 4. Two-dimensional (2D) ultrasound images of fetuses showing the different categories of oral (I-III) 
and craniofacial (IV-VI) clefts according to the new ultrasound classification. U = upper lip; L = lower lip; N 
= nose; BN = bifid nose; O = orbit.
I.	 Right-sided unilateral incomplete cleft lip and alveolus with deviation of the nasal septum to the 

contra-lateral side (coronal view) at 20 weeks, 3 days of gestation;
IIa.	 Right-sided unilateral complete cleft lip, alveolus, and palate with deviation of the nasal septum to 

the contra-lateral side (coronal view) at 23 weeks, 6 days of gestation; 
IIb.	 Bilateral complete cleft lip, alveolus, and palate with protrusion of the prolabium and premaxillae 

(coronal view) at 19 weeks, 6 days of gestation;
III.	 Because detection of isolated cleft palate by 2D ultrasound is still challenging and generally done by 

3D ultrasound, 2D images were not available for this category;
IV.	 Complete median cleft lip and palate with absent prolabium, premaxillae, and nasal septum as well 

as hypotelorism (coronal view) at 22 weeks, 1 day of gestation;
V.1.	 Incomplete median cleft lip and alveolus (coronal view) combined with 2. a flat bifid nose without 

hypertelorism (coronal/axial view) at 24 weeks, 3 days of gestation;
VI.	 Atypical facial clefts are very rare, and consequently an ultrasound image of this category could not 

be provided.
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defects in 61%-82%), resulting in 100% mortality.19, 30 Therefore, future parents require specific 

prenatal counseling and care, including termination of the pregnancy. 

The incomplete median cleft lip with or without hypertelorism (Figures 2:V and 4:V) is a rare 

malformation and also known as ‘median cleft face syndrome’, ‘frontonasal dysplasia or mal-

formation’, ‘bifid nose with median cleft lip’, or cleft no. 0.5, 6, 34, 42, 53 Note that this incomplete 

cleft condition is a normal feature in rhodents.67 In case of hypertelorism, the ultrasound shows 

a bony distance between the orbits that is too wide,34 which is caused by insufficient fronto-

caudal outgrowth of the nasal septum during embryogenesis (9-14 weeks gestation, ≥17 

mm CRL). The bifid nose and median cleft lip can be considered as remnants of the internasal 

groove that has not fully disappeared, and the cleft between both premaxillae, if present, as 

absence of the intermaxillary suture.11 While these cases are mentally less affected compared to 

those of category IV, mental retardation may be present, especially in cases with agenesis of the 

corpus callosum.34, 42 Besides the frequent association with anomalies of the central nervous 

system, various other accompanying defects and related syndromes have been described.34, 42 

However, due to its rarity, exact numbers on associated findings are not available. Nevertheless, 

awareness of these associated anomalies is vital for optimal prenatal care, which should include 

genetic counseling as well as consultation of a specialized multidisciplinary craniofacial team.

The final category (VI) comprises the various atypical facial clefts (Figure 2:VI), which also 

are very rare malformations.5, 6, 35, 53, 68 Most of these atypical clefts are caused during late 

embryogenesis (9-14 weeks gestation) due to the development of additional bone centers and 

consequently extra sutures.11 These additional centers can develop within the maxilla and have 

also been found within other bones of the facial skeleton, such as the zygomatic bone (bipartite 

os zygomaticum).6, 10, 11, 68 While most of the skulls with extra bone centers and sutures develop 

normally, defective differentiation at these extra sutures can rarely result in atypical facial clefts. 

It should be realized that in cases with atypical clefts, the nose is not affected by the cleft, which 

makes them easy to distinguish from oral clefts. Similar to category V, these cases should be 

counseled prenatally by specialized multidisciplinary craniofacial teams. 

Compared to Nyberg’s classification

In several aspects, this new classification is different from Nyberg’s ultrasound classification of 

facial clefts (Table 1).30 First, oral clefts are distinguished from craniofacial clefts, while Nyberg 

et al. considered them to be all facial clefts. Second, the alveolus is not described in their classifi-

cation. From an embryological point of view, however, it is essential to analyze and describe the 

alveolus separately,31 as its deformity is not related to that of the lip and has unique underlying 

embryonic processes (Vermeij-Keers et al., submitted). Another important point missing is 

that, although displayed, the differences between complete and incomplete clefts of the lip/

alveolus are not explained by Nyberg et al. Prenatally, it is important to distinguish these two 

groups, given that—in contrast to complete cleft lip—the palate is significantly less involved in 

incomplete clefts of the lip,7 and the latter thus has a more favorable prognosis, especially when 
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it comes to associated defects.9 Another difference is that Nyberg et al. did not include clefts of 

the palate only, as this category was hardly prenatally detected at that time. However, because 

of recent and future advances in ultrasound techniques and experience,37, 41 an update is 

needed and therefore, this category is included in our classification. With regard to craniofacial 

clefts, Nyberg et al. did not describe or include the incomplete median cleft lip (alveolus) with 

or without hypertelorism (category V). Given its different patho-embryogenesis and associated 

anomalies,5, 6, 10, 11 this craniofacial anomaly should be distinguished from complete median 

cleft lip and palate with hypotelorism (category IV). Finally, Nyberg et al. presented atypical 

facial clefts as anomalies associated with amniotic bands or the limb-body-wall complex. How-

ever, in line with previous studies,5, 6, 11, 35, 68, 69 these anomalies should be explained differently 

and not by amniotic bands. Therefore, these bands were not included in our classification. 

Conclusions

With regard to prenatal care and future research, it is vital to differentiate between oral and 

craniofacial clefts and between their embryologically different sub-categories, given their 

varying etiopathological features and accompanying defects, resulting in a different prognosis 

and clinical outcome. Clefts of the lip/alveolus without palatal involvement—mainly being 

unilateral incomplete clefts—have the most favorable prognosis because of their relatively 

low rates of associated structural and chromosomal defects. In contrast, complete clefts of the 

Table 1. New ultrasound classification of oral and craniofacial clefts versus Nyberg’s ultrasound 
classification of facial clefts

New Prenatal Ultrasound Classification* Nyberg Classification30

Oral clefts Facial clefts

Category I Unilateral or bilateral complete or 
incomplete cleft lip/alveolus

Type 1 Cleft lip without cleft palate

Category IIa Unilateral complete or incomplete 
cleft lip/alveolus and palate

Type 2 Unilateral cleft lip and palate

Category IIb Bilateral complete or incomplete 
cleft lip/alveolus and palate

Type 3
3a
3b

Bilateral cleft lip and palate
with premaxillary protrusion
with hypoplastic midface

Category III Cleft palate only —

Craniofacial clefts

Category IV Complete median cleft lip and  
palate with hypotelorism

Type 4 Midline cleft lip and palate

Category V Incomplete median cleft lip (alveolus)  
with or without hypertelorism

—

Category VI Atypical facial clefts Type 5 Facial cleft associated with amniotic 
bands or limb-body-wall complex

* The most commonly observed morphologic features are underlined
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lip/alveolus have significantly higher risks of palatal involvement, and thus of accompanying 

defects. The bilateral complete clefts are more frequently associated with other anomalies 

than unilateral clefts. Therefore prenatal ultrasound screening should be more focused on 

the morphological severity of the lip/alveolus. When the palate is involved, specific prenatal 

management, including genetic counseling and invasive genetic testing, is recommended. In 

case of craniofacial clefts, prenatal management should always include invasive genetic testing 

given the frequent association of (more severe) congenital and chromosomal anomalies, and 

parents’ options, including termination of pregnancy, should be discussed. Additionally, referral 

of future parents to a specialized multidisciplinary cleft palate team or craniofacial team for 

counseling is advised. 

Finally, it is crucial to obtain further clinical experience with new ultrasound techniques, 

such as the ‘equal sign’ marker, and other more sophisticated 3D techniques or fetal MRI. 
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General discussion

Oral clefts impose a large burden on the health, quality of life, and socio-economic well-being 

of affected individuals and their families. They also represent a significant public health burden 

in terms of immediate and long-term medical costs.1 Although access to care has increased 

around the world in recent years, the quality of care still varies substantially.2 Prevention is 

the ultimate objective for these anomalies, and understanding of their causes is a condition 

sine qua non for this aim. However, despite extensive research representing a wide variation of 

designs, methods, and data, the causal factors and mechanisms underlying oral clefts remain 

largely unrevealed. This thesis is aimed at defining a prenatal and postnatal approach to further 

our understanding of these factors and mechanisms and to optimize the overall management 

of oral clefts. 

Main findings, limitations, and possible explanations 

Part I. Descriptive registration and validation

To enable clinical, epidemiological, and fundamental research, the Dutch cleft palate teams—

united in the “Dutch Association for Cleft Palate and Craniofacial Anomalies” (NVSCA)—have 

reported their new patients to the NVSCA registry for over 15 years, with an average of 351 

patients per year.3 Among the objectives are surveillance for changes in frequencies and distri-

butions of specific cleft phenotypes as well as of their influencing factors.4, 5 Additionally, con-

sistent description is vital to evaluate any treatment strategies, to compare with other registries 

and studies, and to improve interdisciplinary and inter-center communication. To meet these 

requirements in an non-time consuming way, the NVSCA uses a unique recording system that 

easily allows description of all individual anomalies that form the oral cleft.3, 6 

To investigate the feasibility of this system and ensure that the data provided are valid, a 

national validation project was conducted. We assessed the quality of registered data from 

all Dutch teams through extensive medical data review over a 7-year period (1997-2003). The 

main strengths of this project are the national distribution of the sampling frame—including 

large urban teaching hospitals and regional ones—as well as the successful retrieval of medical 

records (96%). Additionally, the postnatal follow-up (median of 5 years) allowed us to include 

associated anomalies detected later in infancy. However, the use of medical data also has its 

limitations, as their quality varied by team. Consequently, these data can never be 100% equal 

to the presentation in the outpatient clinical setting. As described in Chapter 2, our project 

showed that, while the quality of general infant and parental information varied by item, data 

were accurate and complete for the three commonly studied cleft categories (CL, CLP, and 

CP), making the NVSCA data highly suitable for comparison with other registries and studies. 
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Analysis of the anatomical structures and morphological severity revealed that the data quality 

of the various sub-phenotypes within these categories was generally satisfactory, supporting 

the clinical feasibility of this descriptive system (Chapter 3). However, externally visible (lip/

alveolus) and severe (complete) clefts were generally more adequately diagnosed and recorded 

than less recognizable (hard and soft palate including the uvula) and mild (incomplete or 

subcutaneous/submucous) defects. These results might be explained by incomplete clinical 

examination. As reported earlier, this has mainly been a problem in newborn routine examina-

tion,7-9 but it might also happen among the more experienced examiners.8 Another possible 

explanation for the underreporting of mild features is that greater severity might encourage 

physicians to report better. 

With regard to associated congenital anomalies, the proportion of individuals affected 

with these anomalies varies greatly between studies and appears to be related to the time of 

registration and how data have been collected.10 Not all anomalies are detectable at birth or 

in the neonatal period, and early registration might cause underreporting of these anomalies, 

in particular of those that require specific diagnostic procedures (e.g., chromosomal defects 

or developmental disorders).10, 11 In Chapter 4 we evaluated both major and minor (minimal) 

congenital anomalies, resulting in a relatively high proportion of cases with associated anoma-

lies (61%) compared to other studies (3% to 63%).10, 12-15 Craniofacial anomalies were most 

frequently diagnosed, followed by defects of the central nervous system, skin, upper limbs, and 

lower limbs. Subsequent validation showed that—in contrast to the oral cleft features—the 

data quality on associated anomalies is moderate to poor according to Landis and Koch’s 

classification.16 Given that cases could have more than one associated anomaly, we found 

an underreporting of approximately 80% of the defects in cases with additional craniofacial 

anomalies or with additional anomalies of other organ systems, and 54% of the final diagnoses. 

Two-phased medical data review revealed that underreporting was caused rather equally by 

delayed diagnoses and deficient recording. Our rates are consistent with those of other stud-

ies evaluating underreporting of congenital anomalies during the neonatal period (37% to 

86%),11, 17-20 while registration after longer follow-up periods showed considerably lower rates 

(7% to 21%).21-24 In line with this contrast, we assume that a part of the delayed diagnoses are 

explained by the early registration in the NVSCA. However, our results also show that obvious 

external defects (such as craniofacial and limb anomalies) were missed during intake. This 

might partly have been caused by the fact that patients are initially seen and recorded by plastic 

surgeons, orthodontists, or pediatricians, who are usually not fully trained in dysmorphology 

and syndromology. 

Part II. Prevalence in the Netherlands

Since 2003, the number of new oral cleft patients reported to the NVSCA has fallen.4, 5 This 

decline is unlikely to be explained by underreporting or misclassification, as these factors were 

minimized by standard and extra case-ascertainment activities. Therefore, other influencing 
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factors were searched, especially in the field of primary prevention, such as periconceptional 

folic acid supplementation, and the “so called” secondary prevention by prenatal screening.25 

As a result we hypothesized that the prevalence might have been affected by the increased 

correct periconceptional use of folic acid supplements among expecting Dutch mothers after a 

government-sponsored mass media campaign in 1995 and the proactive intervention by Dutch 

pharmacies since 2004.26-28 In the Netherlands, folic acid supplement use is recommended 

from 4 weeks before conception until 8 weeks after it.26, 27, 29 Because this recommended period 

covers only the developmental period of most CL±P sub-phenotypes and not of CP,6, 30-32 more 

adequate use during this periconceptional period might have mainly affected CL±P. This theory 

is supported by findings that, after discontinuation of supplementation, the folate concentra-

tion in serum immediately decreases and the plasma total homocysteine level immediately 

increases.33 Given the possible dose-response relationship between folic acid and clefts as 

well as the possible indirect effects through homocysteine metabolism,34-36 supplementation 

until 8 weeks postconception might be too short to prevent CP. Although the evidence on the 

role of folic acid in oral clefts is largely inconclusive, our hypothesis would be consistent with 

several studies reporting that folic acid or multivitamin use during the same periconceptional 

supplementation period is associated with a decreased CL±P risk only,37-40 while countries with 

compulsory fortification (United States and Canada) have shown a decline in both CL±P and 

CP.35

Another influencing factor might be the greater prenatal detection of oral clefts and their 

associated anomalies in the Netherlands. While routine ultrasound screening during 18-22 

weeks of gestation was nationally implemented in 2007, the performance of 2D ultrasound 

scans during this gestational period started to increase as early as the 1990s.41 As it did else-

where,42-46 the rise in prenatally detected anomalies may have led more affected pregnancies 

to be terminated. This is supported by national data on TOP provided by the annual reports of 

the Dutch Termination of Pregnancy Act (WAZ). They have shown that the number of second-

trimester terminations, especially those performed in the hospitals, have increased since 

2003, implying a rise in TOP affected with congenital anomalies.47, 48 If pregnancies have been 

terminated because of the presence of an oral cleft with or without associated anomalies, again 

the CL±P prevalence would have been affected most. Unlike CP, this category can be easily 

detected by routine 2D ultrasound.45, 49, 50 

In Chapter 5 we used NVSCA data to establish the rates of oral clefts among live births in the 

Netherlands from 1997 to 2006, resulting in an average oral cleft prevalence of 16.8 per 10,000 

live births. Time-trend analyses showed that the live-birth prevalence decreased significantly 

during this period. Additionally, stratification revealed a similar trend for CL±P, while no signifi-

cant trend for CP was found, supporting that the higher periconceptional folic acid use and/

or the greater prenatal detection of clefts and their associated anomalies might have caused 

the decline in prevalence. As stillbirths and neonatal deaths were not included in our analysis, 

a change in perinatal or neonatal mortality could theoretically also have affected our rates. 
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However, we assume this is of minor importance, given that the Dutch perinatal and neonatal 

mortality decreased during this specific period.51 Moreover, this would have mainly affected 

CP, as this category is more frequently associated with severe further defects than CL±P.2, 10 

Other environmental or lifestyle factors changing over time may also account for the decrease 

in cleft prevalence. While specific data on these factors are not available for oral clefts in the 

Netherlands, data based on the general Dutch population have shown a decrease in maternal 

smoking and alcohol consumption during the study period.52 Given their suggested associa-

tion with cleft risk,2, 53 these factors may have played contributory roles in the detected trends 

of oral clefts.

Unfortunately, comparison of our findings with those of other studies is restricted, particu-

larly due to the great differences between data sources, sample sizes, inclusion and exclusion 

criteria, times of diagnosis, classifications, and population characteristics.2, 10, 46, 54, 55 Regional 

Eurocat data have often been used to describe clefts from the Netherlands in a European or 

international context,55-58 and they have occasionally been extrapolated to the whole of the 

Netherlands.59 However, as its cleft prevalence seems to differ from national (LVR/LNR)60 and 

other European registries,56, 58 the Northern Netherlands might not contain a representative 

sample of the Dutch oral cleft population. Therefore, NVSCA data over 1997-2007 were com-

pared with national data from the LVR/LNR and regional data from Eurocat, thereby verifying the 

detected decreasing trends and investigating whether the prevalence varies within the Neth-

erlands (Chapter 6). We found that the overall live-birth prevalence of oral clefts is significantly 

higher in the Northern Netherlands (15.1 to 21.4 per 10,000) than in the rest of the Netherlands 

(13.2 to 16.1 per 10,000). Additionally, time-trend analyses confirmed the significant decreasing 

trend in CL±P for the rest of the Netherlands, but not for the Northern Netherlands. By compar-

ing the rates between registries, we found that the NVSCA and Eurocat have rather similar rates 

for the Northern Netherlands, while the LVR/LNR has significantly lower rates for both regions, 

most possibly due to its incomplete coverage.61 Unfortunately, none of the registries could 

give complete and reliable national data on associated anomalies, stillbirths, and pregnancy 

terminations to provide more insight into the causes of regional differences and trends.

Our results of relatively high rates for the Northern Netherlands are in line with previous 

findings46, 56, 58 and thus seem to have already existed for a long time and to be fairly constant. 

Regional differences in epidemiological patterns may be due to variations in genetic and 

environmental risk factors, and in gene-environment interactions as well.2, 32, 62 For example, 

our Northern population consisted of more Caucasian infants than the rest of the Netherlands. 

As populations of Dutch origin have higher cleft risks than other ethnic groups,62 our findings 

may be partly explained by ethnic differences. Additionally, there may be a greater genetic 

predisposition in the Northern Netherlands due to a lower migration compared to the rest 

of the Netherlands.63 This is supported by the higher cleft prevalence in Northern European 

countries that have relatively homogeneous populations and high quality registrations.46, 55, 

57, 58, 64 The regional differences in trends might be explained by differences in the impact of 
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prenatal ultrasound screening. While the rise in prenatally detected anomalies may have led 

more affected pregnancies to be terminated in the rest of the Netherlands, several data sug-

gest that this did not affect the region Northern Netherlands. Eurocat data have shown rather 

low and stable rates of TOP among clefts in the Northern Netherlands,44, 46 and all terminated 

pregnancies affected with clefts were associated with additional anomalies, including chromo-

somal defects (personal communication M.K. Bakker). Furthermore, in contrast to the rest of 

the Netherlands, second-trimester terminations have hardly been performed in the Northern 

hospitals and abortion clinics.47, 48 It is unknown whether the regional differences in trends can 

be explained by differences in periconceptional folic acid use, as complete national data on 

this subject are not available. However, it should be realized that our effect-measures for the 

Northern Netherlands also indicated decreasing trends and that the absence of a significant 

effect in the Northern Netherlands could solely be due to sample size. 

Part III. Postnatal classification

After complete and detailed description of the various sub-phenotypes of oral clefts, subse-

quent adequate subdivision according to their related time periods and underlying processes 

in development is needed to allow linkage to specific cell-biological mechanisms, genes, 

and environmental factors that are expressed during these periods. Although many systems 

have been developed to classify clefts,65-73 none of them are fully based on human embryol-

ogy of the nose and oral cavity, and infrequent or subclinical features are often not included. 

Therefore, a new postnatal classification of oral clefts was proposed, dividing broad groups of 

oral clefts into defects resulting from defective fusion, differentiation, or both.6 This approach 

reflects the different underlying patho-embryological processes and timing in development of 

the primary and secondary palates, and its rationale is in line with the theoretical basis of the 

NVSCA registry.3, 6, 30-32, 74-76 After discussing its embryological basis, we tested this new clas-

sification on all sub-phenotypes among Dutch newborns registered in the NVSCA (Chapter 7). 

The descriptive data allowed us to classify all different sub-phenotypes—including subclinical 

features—within the three cleft categories (CL, CLP, and CP) into fusion and/or differentiation 

defects. In addition, we were able to construct a timetable relating the various observed defects 

to weeks in embryonic development. For example, a complete cleft of the lip/alveolus arises 

significantly earlier (by disrupted fusion of the primary palate in the early embryonic period) 

than an incomplete cleft of the lip/alveolus (by disrupted differentiation of the primary palate 

during the late embryonic period).6, 30-32, 75, 76 However, our timetable has some limitations, 

because over 90% of the observed defects, but not all clefts, could be fitted in. More specifically, 

some fusion defects of the secondary palate were difficult to place in time. Theoretically, a com-

plete cleft palate can develop relatively early during the late embryonic period (7-9 weeks of 

development) because of insufficient outgrowth and elevation of the palatal shelves. However, 

lack of adhesion, apoptosis, or epithelio-mesenchymal transformation (EMT) during the second 

part of the late embryonic period (9-11 weeks of development) may cause a similar defect.6, 
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30-32, 75, 76 Only when a minimal part or more of the hard palate is fused, insufficient outgrowth 

and elevation of the palatal shelves can be excluded as underlying mechanisms, and the cleft 

palate can then be related to one specific timeframe.

While there is general consensus on the embryogenesis of the secondary palate,2 the devel-

opmental processes of the primary palate are complex and have been rather underexposed. 

Therefore, we tested our classification on adult unoperated patients from Indonesia with clefts 

of the primary palate only (Chapter 8). We were able to classify all their sub-phenotypes—not 

being influenced by defective development of the secondary palate—into fusion and/or 

differentiation defects. Additionally, we showed that further morphological grading of incom-

plete clefts of the lip, as has been proposed by several studies, is not related to the severity of 

associated alveolar deformities. Analysis of the permanent dentition of these patients revealed 

that all observed alveolar deformities were located between the central incisor and—often 

malformed or absent—lateral incisor. As both incisors develop within the premaxilla,77, 78 our 

findings imply that the developmental arrest involves the premaxilla.

Part IV. Effects of periconceptional folic acid supplementation

Although multiple (non-randomized) observational studies have suggested a beneficial role 

of folic acid in supplements in decreasing cleft risk,35, 79, 80 the evidence remains inconclusive, 

as many studies—including randomized and cohort controlled trials—identified no significant 

effects on clefts.35, 79-83 Results are often mixed in terms of estimated effects, whether they affect 

certain or all cleft categories, and whether they are attributable to folic acid or other multivita-

min components. One of the factors hampering our insights might be that supplementation is 

often not subdivided by type (folic acid alone or combined with multivitamins) and does not 

completely cover the embryonic periods of clefts.35 Also, most studies evaluate heterogeneous 

cleft groups to reach adequate power, but given their etiologic and genetic heterogeneity this 

crude approach may just weaken the power to detect effects.53, 84 Therefore, we analyzed the 

type, timing, and duration of periconceptional folic acid supplementation in relation to the tim-

ing and embryological mechanisms underlying cleft development (Chapter 9). This was done 

by applying our new postnatal classification to combined complementary NVSCA and Eurocat 

data in a population-based case-control study. By assessing effects on oral clefts relative to 

other non-folate related congenital anomalies, we unexpectedly found the first evidence that 

periconceptional folic acid supplementation might be associated with elevated risks for certain 

types of oral clefts. Defects of the lip/alveolus—mainly resulting from defective differentiation 

in development—appeared to account for the largest proportion of risk increase, being associ-

ated with more than three-fold higher risks. Further analysis systematically revealed two- to 

three-fold increased risks for differentiation defects developing during the late embryological 

period, with no associations for fusion defects. Stratum analysis showed similar figures for 

supplements consisting of folic acid alone, and effects were therefore attributable to folic acid 

and not to other multivitamin components. 



General discussion 269

Although our use of malformed controls is widely accepted and beneficial with regard to 

internal validity,85-88 some limitations inherent to the observational nature of this study, such as 

recall/selection bias and confounding, are not completely avoidable. However, our findings are 

strengthened by their specificity, consistency, systematic pattern, and duration of exposure-

response relationship. The deviation of our results from other studies might be explained by our 

unique design, including the subdivision according to specific supplement and cleft features—

an approach not used in earlier studies.35, 79 Because mechanisms by which folic acid might pre-

vent certain anomalies remains unexplained,79 a meaningful explanation for our unexpected 

risk pattern cannot be provided. However, we do know that other aspects surrounding folate 

metabolism (such as MTHFR gene polymorphisms, folate receptors, and plasma/erythrocyte 

folate), have also been shown to deviate for clefts.89-95 Additionally, comparable associations 

between folate intake and the occurrence of multiple congenital anomalies have been found.96, 

97 Moreover, adverse effects of high folate intake have been established in animal studies.98-100 

In humans, folate fortification and additional supplementation have increased folate intake and 

blood cell concentrations significantly,101, 102 but the consequences of long-term high intake 

are not known yet. Recently, it has been hypothesized that folic acid might lead to changes in 

epigenetic patterns, thereby altering gene expression.103-105 This might be an explanation for 

different health outcomes among those with similar genetic backgrounds. 

Part V. Prenatal diagnosis and classification

Oral clefts are being diagnosed prenatally more frequently. Detection rates—predominantly 

on CL±P—increased from approximately 5% in the early 1980s to over 26% in the late 1990s,106 

and they are as high as 65% today.107 Consequently, the need for accurate information on the 

risk of associated anomalies and underlying chromosomal defects is rising to aid in decisions 

on invasive diagnostics and informing future parents on outcome and prognosis. In Chapter 

10 the frequencies of associated congenital anomalies and chromosomal defects among 

prenatally and postnatally detected oral clefts were assessed from literature and NVSCA data, 

providing an inventory of the various detected syndromes and chromosomal defects as well as 

an algorithm for prenatal diagnostics. We demonstrated that the prevalence of these defects 

is evidently related to cleft category. Although strongly varying in study characteristics and 

designs, both prenatal and postnatal studies showed a higher frequency of associated defects 

in CLP (21% to 66%) and CP (22% to 78%) than in CL (0% to 41%). Furthermore, these frequen-

cies were higher in bilateral (23% to 79%) than in unilateral (16% to 52%) CLP or CL±P. For 

all categories, chromosomal defects were almost always seen in association with additional 

congenital anomalies. In the absence of associated anomalies, chromosomal defects were 

found prenatally in CLP (3.9%), and postnatally in CL (1.8%, 22q11.2 deletions only), CLP (1.0%), 

and CP (1.6%). However, these results are limited by the great variation in designs and meth-

odologies of the evaluated studies. In line with previous findings,10 the most important issues 

were the non-uniform subdivision of oral clefts and the different definitions and classifications 
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of associated anomalies among studies. Furthermore, chromosomal analysis was mostly per-

formed in associated clefts only, which explains why almost all reported chromosomal defects 

were accompanied by additional anomalies. As a consequence, the risk of chromosomal 

anomalies in isolated clefts may be underestimated.

Because the various cleft categories are differently associated with additional anomalies 

and thus have a different prognosis and outcome, accurate prenatal ultrasound screening 

and subsequent subdivision of oral clefts will improve counseling and management of the 

pregnancy significantly. Moreover, it is vital to prenatally distinguish oral clefts from midline 

and atypical facial clefts. While the latter are often considered to be oral clefts,65, 67, 70, 108-113 

they should be classified as craniofacial clefts given their different patho-embryogenesis and 

accompanying defects.30, 31, 114, 115 To classify clefts prenatally, the system of Nyberg is most 

generally used.116 While this system has brought structure in the prenatal diagnosis of clefts, it 

does not incorporate the latest embryological and genetic insights,30, 31, 53, 74, 84, 114, 115, 117 and 

it has not been designed for modern ultrasound technologies.118-129 Therefore, we have devel-

oped a new prenatal ultrasound classification of oral and craniofacial clefts considering their 

underlying embryological processes and associated congenital anomalies as well as advances 

in ultrasound technology (Chapter 11). In contrast to Nyberg et al,116 we distinguish oral clefts 

(categories I-III) from craniofacial clefts (categories IV-VI), instead of considering them to be 

all facial clefts. Another difference is that we have described the alveolus separately because 

of its unique underlying embryological processes,6, 31, 32, 75, 76 and we have included clefts of 

the palate only as these are prenatally detectable nowadays.123, 125, 126, 128 Besides grouping 

oral clefts into the three main categories (categories I-III), it is essential to prenatally differen-

tiate between incomplete and complete clefts of the lip/alveolus, because the palate is less 

frequently involved in incomplete clefts3, resulting in a better prognosis, especially when it 

comes to associated defects (chapter 10). Although unilateral and bilateral forms of CLP result 

from similar embryological processes, it is clinically relevant to distinguish them prenatally, 

because unilateral forms (category IIa) are less frequently associated with additional anomalies 

than bilateral (category IIb) forms (chapter 10). With regard to craniofacial clefts, Nyberg et al.116 

described just one type of midline cleft. However, based on difference in embryological pro-

cesses30, 31, 75, 76, 114, 115, 130 and associated anomalies,112, 119, 120, 122, 131, 132 we included two forms 

in our classification: complete median cleft lip and palate (with absent premaxillae, prolabium, 

and nasal septum) and hypotelorism (category IV), and incomplete median cleft lip (alveolus) 

with or without hypertelorism (category V). Furthermore, atypical facial clefts (category VI) are 

not explained by amniotic bands—as believed by Nyberg et al.116— but by different embryo-

logical processes.31, 114, 115, 121, 133, 134
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Implications and recommendations

Postnatal management 

Clinical outcome and prognosis of patients with oral clefts depend largely on the timely and 

accurate diagnosis of their cleft phenotype as well as their associated congenital anomalies, 

including underlying syndromes and chromosomal defects.2, 10 We found that less visible and 

mild cleft features are less adequately reported to the NVSCA, possibly due to incomplete 

examination, and that a considerable part of the associated anomalies, including externally 

visible anomalies, are missed during the first consultations with the cleft palate teams (Chap-

ters 3 and 4). These findings emphasize the need for early and thorough evaluation of patients 

with oral clefts. Adequate diagnosis of involvement of the palate is important, not only with 

regard to associated feeding difficulties, but also because of their relatively high association 

with additional congenital anomalies.2, 10 In addition, cleft team members should be trained 

and focused on the postnatal detection of co-occurring anomalies, especially such as Pierre 

Robin sequence and cardiovascular/urogenital anomalies. These anomalies are frequently 

missed during intake (chapter 4) and will change treatment policy as well as the prognosis and 

clinical outcome of patients. Furthermore, minor defects should also be correctly identified, 

because they may be recognizable components of specific syndromes or chromosomal defects 

that significantly affect cleft management.10 Early genetic counseling seems warranted in most 

cases to maximize the ascertainment of associated anomalies. Besides the postnatal detection, 

cleft team members should be more aware of prenatal findings, as a considerable amount of 

associated anomalies are detected prenatally nowadays.41, 50, 135

Postnatal registration

Valid description of cleft sub-phenotypes is vital to investigate their causal factors, evaluate any 

treatment and preventive strategies, compare with other registries and studies, and improve 

interdisciplinary and inter-center communication.53, 84 Despite some challenges described 

(Chapters 2-4), the NVSCA provides such consistent descriptive data. We demonstrated that the 

unique NVSCA recording system is clinically feasible and generates overall valid data. However, 

information on morphologically severe clefts can be interpreted with higher confidence than 

those on morphologically mild clefts. As these mild (subclinical) features may represent specific 

genetic or environmental characteristics,53, 84, 136-138 one should be aware that these character-

istics might be underestimated in registry-based studies. The underrepresentation of associ-

ated anomalies restricts the use of NVSCA data for research on these anomalies and underlines 

the need for postnatal follow-up and reregistration at a later age. However, these data can 

still be valuable, for example in providing low-end estimates of rates, as long as one remains 

cognizant of the limitations.19 After these findings, several strategies have been undertaken by 

the NVSCA Registration working group to improve the completeness of NVSCA registry data. 

First, the registry form was converted to a digital form in 2008, thereby eliminating paperwork, 
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reducing transfer errors from paper to database, and allowing obligatory fields for key informa-

tion.5 Second, a reregister project has recently been started for 1997 and will be implemented 

for the subsequent years to complete anomalies and final diagnoses diagnosed after the first 

cleft palate team consultations.

In contrast to other systems, such as ICD-based registries,44, 46, 139, 140 the NVSCA data can be 

fitted into any classification, old or new (Chapters 7 and 9), thereby providing a solid basis—

complementary to other registries—for clinical, epidemiological, and fundamental research. 

Internationally, there is growing awareness that coding oral clefts in a too simplistic way could 

potentially lead to important information being lost,53, 84 as well as weakening of the power to 

detect effects. In line with these studies, registries and future studies should be encouraged to 

accurately phenotype oral clefts according to standard protocols with data-sharing activities. 

As many registries and studies are ICD-based, we believe that adjustment of the ICD-10 cleft 

coding system (Q35-Q37)141 is required with regard to the anatomical and morphological cleft 

features, including subcutaneous, incomplete, and complete cleft lip/alveolus and submucous 

cleft palate. In this way, more accurate international data may become available to facilitate the 

ongoing identification of causal factors as well as the improvement of overall cleft manage-

ment.

Postnatal classification

To enable grouping of the detailed descriptive NVSCA data, we have provided a new postnatal 

classification that is complete and feasible for all sub-phenotypes of the primary and/or second-

ary palates, including subclinical features (Chapters 6 and 7). Furthermore, with our concept of 

fusion/differentiation defects, special sub-phenotypes—such as Simonart’s bands—can also 

be explained. Two types of bands have been described: the skin-covered soft tissue bridge 

located at the base of the nostril with an ipsilateral complete cleft alveolus, and the mucous 

tissue bridge located between the segmented alveolar process with an ipsilateral complete 

cleft lip.142, 143 Although a few mechanisms have been described,142 the exact developmental 

processes of these bands have not been identified yet. Our hypothesized mechanisms based 

on the patho-embryology of the primary palate6, 31, 144, 145 may contribute to the understanding 

of such complicated phenotypes. In addition, we demonstrated that whether an incomplete 

cleft alveolus is a fusion or differentiation defect depends on the morphology of the lip (com-

plete vs. incomplete/subcutaneous cleft), and that the lip should therefore always be evaluated 

first. As further morphological grading of incomplete cleft lip does not predict the severity of 

the alveolar deformity, these grades have no therapeutic consequences and thus are neither 

clinically nor embryologically relevant. These results underline that the lip and alveolar process 

have independent morphological characteristics and should therefore be evaluated separately 

in order to have a complete and accurate diagnosis. Our timetable relating the type of clefting 

to timeframes in development (Chapter 6) can be used as a guideline in research, provided that 
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one is aware of the limitation that complete clefts of the hard palate have various underlying 

embryological mechanisms during different specific timeframes in the late embryonic period. 

Primary and secondary prevention in the Netherlands

The NVSCA data have shown that the prevalence of oral clefts and its trends among live births 

varies within the Netherlands (Chapters 5 and 6). Consistent with its deviation from other 

European regions,56, 58 the prevalence in the Northern Netherlands is significantly higher than 

that in the rest of the Netherlands, possibly due to differences in ethnic and genetic population 

characteristics. Therefore, this region does not contain a representative sample of the overall 

Dutch oral cleft population. Although regional data have utility for health services, clinicians, 

and researchers in that specific area and can be compared by global means and trends, our 

findings underline that extrapolation of regional data to a whole country or larger areas should 

be made with caution.55 Further studies investigating etiology and evaluating preventive 

strategies should consider these geographical differences in cleft sub-phenotypes among live 

births, stillbirths, and spontaneous/induced abortions, between and within countries, as they 

may reveal clues to the causal factors of oral clefts. 

The detected significant decreasing trend of CL±P among live births in the rest of the Neth-

erlands (Chapters 5 and 6) may have several implications for healthcare and policy makers, 

partially lying in the possible effects of primary and secondary preventive factors. Firstly, the 

average 1.9% reduction per year in live-birth prevalence (2.2% for CL±P) we estimate will reduce 

the psychological burden on patients and their families, as well as the costs associated with the 

medical care of these patients. The second implication lies in the moral and ethical dilemmas 

raised by the possible increase in terminations of pregnancies affected with congenital anoma-

lies, since a considerable part of these cases might be non-lethal. Therefore, if oral clefts are 

detected prenatally, future parents should be counseled by a multidisciplinary cleft palate team 

that focuses on psychosocial support, genetic counseling, education on cleft management, and 

parent’s options, TOP being one of them.42, 43, 146, 147 Recently, an evidence-based guideline was 

developed providing a uniform strategy for prenatal counseling and management of oral clefts 

in the Netherlands.148 Future population-based studies also including stillbirths and terminated 

pregnancies can give more insight into the impact of prenatal screening, especially if prenatal 

diagnoses are known. However, complete and reliable national data on prenatally diagnosed 

anomalies and indications of TOP are still lacking. Therefore, uniform national registration of 

prenatal outcomes as well as implementation of indications for TOP in the WAZ47, 48 are essen-

tial to further evaluate the impact of prenatal screening in the Netherlands. In order to increase 

our insights, we have conducted an anonymous retrospective (1997-2007) and prospective 

registration since 2008 to record the number and outcome of prenatally detected oral clefts 

counseled by the Dutch cleft palate teams. To enable the prospective registration, the NVSCA 

registry has been expanded with an anonymous digital prenatal form that allows matching to 

the postnatal form. Although this registration does not provide complete data on prenatally 
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diagnosed cleft cases, our preliminary data indicate that termination of the pregnancy occurs 

before and after counseling and in case of additional anomalies, but also when isolated clefts 

are diagnosed.

With regard to folic acid, it is unknown whether differences in periconceptional supple-

ment use have accounted for the detected regional differences in trends and prevalence, as 

national data on this topic are lacking and its role in oral cleft risk remains unrevealed.1, 35, 80 

Therefore, future studies should focus on the type, timing, and duration of periconceptional 

folic acid supplementation35, 79 in relation to the various cleft sub-phenotypes. This was done 

with population-based data from the Northern Netherlands in chapter 9. In contrast to our 

expectations, we found several lines of evidence indicating that periconceptional folic acid use 

in this region is associated with an increased, instead of decreased, risk of oral clefts, especially 

of those resulting from defective differentiation during 7-12 weeks of development. Although 

detected by an observational study, this association is strengthened by the specificity, con-

sistency, systematic pattern, and duration of exposure-response relationship of our findings. 

Therefore, it is vital to restrict the use of folic acid supplements to the official recommended 

period for neural tube defects, which is 4 weeks before to 8 weeks after conception. Given 

the demonstrated duration of exposure-response relationship, minimizing pregnant women’s 

exposure in this way may then reduce the cleft prevalence. In addition, the effect of folic acid on 

oral clefts is relevant to the ongoing discussions about food fortification, as the folic acid intake 

and folate blood cell concentrations have been increased significantly by food fortification.28, 35, 

101, 102 Our unexpected results underline the importance of evaluating public health strategies 

regarding folic acid supplementation, including its timing, duration, and dose, which should be 

done in the light of potential dietary improvements. Together with other preliminary findings 

on the potential adverse effects of increased folic acid intake,98-100, 103-105 our results underscore 

the need for additional studies on the consequences of increased intake. Large population-

based studies using other datasets, but the same approach and methodology, are needed to 

confirm or refute our findings. 	  

Prenatal counseling and genetic testing

Prenatally, it is crucial to distinguish craniofacial clefts from oral clefts, because they have a dif-

ferent pathogenesis and are associated with other (more severe) congenital anomalies. There-

fore, parents expecting a child with a craniofacial cleft require specific prenatal counseling and 

care, and they should be referred to specialized multidisciplinary craniofacial teams. In case of 

a complete median cleft lip and palate and hypotelorism—which have high risks of underlying 

chromosomal defects (61% to 82%) and 100% mortality due to their microcephaly112, 116—the 

option of terminating the pregnancy should be discussed (chapter 11). 

With regard to oral clefts, prenatal counseling on the prognosis and risk of chromosomal 

defects should be tailored to cleft category, and more importantly to the presence or absence 

of associated anomalies (chapter 10). The demonstrated differences in associations with other 
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structural anomalies stress the need of accurate prenatal subdivision into three categories (CL, 

CLP, and CP), and further subdivision of unilateral and bilateral CLP. However, accurate detec-

tion of additional anomalies appears to be even more significant to outcome, as the presence 

of these anomalies is the most important predictor for underlying chromosomal defects. Irre-

spective of cleft category, clinicians should therefore advise invasive genetic testing to identify 

chromosomal defects if associated anomalies are seen prenatally. In absence of associated 

anomalies, CL has the most favorable prognosis when it comes to chromosomal anomalies 

with a poor outcome. Therefore, if confident in ultrasound findings, prenatal conventional 

karyotyping is not recommended in CL, but given the few reported 22q11.2 deletions,149 array 

comparative genomic hybridization (array CGH) may be considered. In presumed isolated 

CLP and CP, however, prenatal genetic counseling and invasive testing (preferably by array-

based methods) should be considered given their higher risks on underlying chromosomal 

defects. Especially CP can be associated with specific syndromes, such as the velo-cardio-facial 

syndrome (VCF, 22q11.2 deletion), Treacher-Collins, and Stickler (Chapter 10). However, when 

considering invasive testing, the baseline risk of complications (1%) should be weighed against 

the potential benefits.150 Additionally, one should be aware of the detection of unexpected or 

unclassified variants with array-based methods, which should be discussed with future parents.

Because complete clefts of the lip/alveolus have considerably higher risks of palatal involve-

ment than incomplete clefts of the lip/alveolus, they have a less favorable prognosis, especially 

when it comes to associated defects. Therefore, prenatal ultrasound screening should be more 

focused on the morphological severity of the lip/alveolus. Furthermore, it is crucial to obtain 

further clinical experience with new ultrasound techniques, such as the ‘equal sign’ marker to 

detect cleft palate,128 as well as other more sophisticated 3D techniques or fetal MRI.125 With 

regard to associated structural and chromosomal defects, follow-up studies are needed to 

acquire more accurate data on their prevalence and risk factors in prenatal and postnatal oral 

cleft populations. As array CGH can detect smaller chromosome deletions and duplications 

compared to conventional karyotyping, performing array CGH in large cohorts of prenatally 

and postnatally detected clefts would also give us more information about the proportions 

and types of chromosomal defects that are missed when cases are not genetically tested. This is 

essential to reach consensus on the role of invasive genetic testing in prenatally detected clefts. 

Concluding future perspectives

In this thesis, we demonstrated that adequate and complete description, registration, and sub-

sequent classification are essential in order to further understand oral clefts. When the primary 

palate is affected, the alveolus should be evaluated and described separately in order to have a 

complete and accurate diagnosis, as its morphology is not related to that of the lip. Therefore, 

the commonly used cleft categories should include the alveolus as a separate anatomical 
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structure, resulting in cleft lip/alveolus (CL/A), cleft lip/alveolus and palate (CL/AP), or cleft lip/

alveolus with or without cleft palate (CL/A±P). Furthermore, frequently used classifications, 

such as the ICD-10 cleft coding system, should be adjusted and also incorporate the different 

morphological cleft features, thereby generating data on a large scale that can be subdivided 

according to timing and underlying mechanisms in embryogenesis. The NVSCA recording 

system provides such detailed data on all sub-phenotypes, which can be fitted into any clas-

sification. However, to optimize its quality and value, cleft team members need to be trained 

and more focused on less visible and mild cleft features as well as on additional congenital 

anomalies. Furthermore, genetic counseling is warranted in most cases, and reregistration at a 

later age is strongly recommended to also include certain anomalies that can be detected only 

later in infancy. 

In the prenatal setting, more accurate ultrasound screening will improve counseling, 

especially regarding palatal involvement. Therefore, pregnant women with a fetus suspected 

of having an oral cleft should be referred to a tertiary center where more specific ultrasound 

screening can be performed. Also, it is important to obtain further clinical experience with new 

ultrasound techniques or fetal MRI. As different cleft categories are variously associated with 

additional structural and chromosomal anomalies and thus require different approaches in 

counseling, testing, and management, broad implementation of a uniform prenatal subdivi-

sion of clefts is vital. Additionally, follow-up studies, including array CGH, are needed to gain 

more insight into the proportions and types of structural and chromosomal anomalies missed 

in associated and presumed isolated clefts and into their risk factors.

Finally, to gain more insight into cleft etiology and effects of primary and secondary preven-

tive strategies, future studies should consider geographical differences in cleft sub-phenotypes 

and include live births and stillbirths as well as spontaneous and induced abortions. Extrapo-

lation of regional data to larger areas should be made with caution. To evaluate the impact 

of prenatal screening strategies in the Netherlands, uniform national registration of prenatal 

screening outcomes as well as implementation of indications for TOP in the WAZ are needed. 

With regard to folic acid, the increased risk we found for specific sub-phenotypes of oral clefts 

by an observational study is systematic and specific enough to warrant further evaluation, 

especially in the light of increased intake due to dietary improvements. Ideally, a randomized 

controlled trial should be conducted to confirm or refute our findings, but this would be unethi-

cal with the knowledge that folic acid can prevent neural tube defects. Therefore, future studies 

should focus on the type, timing, dose, and duration of folic acid supplementation in relation 

to embryologically different sub-phenotypes. Until more information is available, prudence 

is needed and we advise restricting supplementation to the periconceptional period recom-

mended to protect against neural tube defects.
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Summary

Oral clefts—one of the most common congenital anomalies among humans—comprise a wide 

range of sub-phenotypes affecting the lip, alveolus, and hard and soft palates. While they are 

often diagnosed immediately after birth, they are increasingly being diagnosed during preg-

nancy by routine two-dimensional (2D) ultrasonography. Oral clefts may either be isolated or 

be associated with other congenital anomalies, often as part of a syndrome or chromosomal 

defect. Although their etiopathogenesis has been widely studied, it is still poorly understood. 

This thesis is aimed at describing and classifying the various sub-phenotypes of clefts as well 

as their associated anomalies in both the prenatal and postnatal setting, thereby providing an 

approach and basis to further understand their etiopathogenesis and optimize their prenatal 

and postnatal outcome and prognosis. 

PART I Descriptive registration and validation

In chapter 2 we describe the study design and first results of a national validation project 

evaluating the quality of data recorded in the Dutch registry of patients with oral clefts and 

craniofacial anomalies, maintained by the Dutch Association of Cleft Palate and Craniofacial 

Anomalies (NVSCA). We drew a random sample of 250 patients registered with oral clefts in 

the national NVSCA database from 1997 through 2003 by the Dutch cleft palate teams using a 

unique descriptive recording system based on the embryology of the head and neck area; of 

these patients, 13 were excluded because of lacking medical data. After linking registry data 

to clinical data derived from medical record review, we found that the three cleft categories 

that are used nowadays to study oral clefts (cleft lip/alveolus = CL, cleft lip/alveolus and palate 

= CLP, and cleft palate = CP) had been accurately and completely recorded in the NVSCA. All 

categories showed near-perfect inter-database agreement with a kappa (κ) value of 0.89 and 

over, a sensitivity of 90% and over, and a specificity of 97% and over. Data quality on associated 

infant and parental characteristics was reasonable to satisfying, with ranging κ values (0.20 to 

0.76), sensitivity (25% to 97%), and specificity (35% to 93%). These findings show that NVSCA 

data are highly suitable for comparison with other studies and registries.

In chapter 3 the quality of NVSCA data was further evaluated by analyzing whether the 

specific features (topography and morphology) of the various sub-phenotypes within the three 

cleft categories are adequately recorded in clinical practice. Medical data review revealed that 

the data quality of the various sub-phenotypes was generally satisfactory, but appeared to be 

related to anatomical location and morphological severity. The topographic anatomical struc-

tures (lip, alveolus, and hard and soft palates) showed near-perfect inter-database agreement 

with a κ value ranging from 0.82 to 0.98, sensitivity of over 87%, and specificity of over 95%. 

However, when analyzing the morphology of these structures, validity decreased, especially for 

morphologically mild features. This association was most evident for anomalies of the hard and 
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soft palates. For example, inter-database agreement was higher for complete/incomplete cleft 

soft palate (κ value of 0.91 and sensitivity of 96%) than for submucous cleft hard/soft palate (κ 

value of 0.77 and sensitivity of 69%). Our results support the clinical feasibility of the descriptive 

NVSCA system and underline its additional value—compared to other registry systems—for 

fundamental, epidemiological, and clinical research. However, morphologically severe clefts 

can be interpreted with higher confidence than mild clefts, which might have implications for 

research on these features and for guidelines on routine neonatal examination.

In chapter 4 NVSCA data on congenital anomalies, syndromes, and chromosomal defects 

associated with oral clefts were validated. Through two-phased medical data review, we inves-

tigated whether these anomalies are accurately diagnosed and subsequently recorded. We 

found that the quality on associated anomalies was moderate to poor, with a κ value ranging 

from 0.59 to 0. Seventy-seven percent of the craniofacial anomalies were underreported in the 

NVSCA: 30% due to delayed diagnosis and 47% due to deficient recording. Additionally, 80% 

of the associated anomalies of other organ systems were underreported: 52% due to delayed 

diagnosis and 28% due to deficient recording. The reporting of final diagnoses was somewhat 

better; however, 54% were still underreported (24% delayed diagnosis and 30% deficient 

recording). The rate of overreporting was 1.6% or lower. These results emphasize the need for 

routine and thorough examination of patients with clefts. Clinicians should be more focused 

on co-occurring anomalies, and early genetic counseling seems warranted in most cases. 

Additionally, our findings underline the need for postnatal follow-up and ongoing registration 

of associated anomalies; reregistration in the NVSCA at a later age is recommended. 

PART II Prevalence in the Netherlands

In chapter 5 we present trends in prevalence of oral cleft live births in the Netherlands over 

1997-2006. We performed time-trend analyses on NVSCA data of Dutch infants born alive with 

oral clefts during the study period. Prevalence rates and the estimated annual percentage 

change (EAPC) were calculated and stratified into CL±P and CP in order to investigate whether 

the higher periconceptional use of folic acid supplements or the greater prenatal detection of 

oral clefts (with or without associated anomalies) followed by pregnancy termination might 

have affected the prevalence. Both factors would mainly affect CL±P. Unlike CP, this category 

develops during the period recommended for folic acid use and can be detected prenatally by 

2D ultrasound. In the 1997-2006 period, 3,308 infants out of 1,970,872 live births had oral clefts, 

resulting in an overall prevalence per 10,000 live births of 16.8 (CL±P 11.3; CP 5.5). Time-trend 

analysis showed that the prevalence of all oral clefts decreased (EAPC –1.8%; 95% confidence 

interval (CI): –3.0% to –0.6%), as did the CL±P prevalence (EAPC –2.3%; 95% CI: –3.8% to 

–0.9%). No significant trends were found for the CP prevalence. These findings demonstrate 

that because the live-birth prevalence of CL±P decreased, that of all oral clefts decreased, sug-

gesting that higher periconceptional folic acid use or greater prenatal detection followed by 

pregnancy termination might have accounted for the observed decline. While this may have 
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implications for prenatal counseling and folic acid policy, further studies on these topics are 

needed first. 

In chapter 6 we compared NVSCA prevalence data over 1997-2007 with national data from 

the combined National Obstetric and Neonatal Registries (LVR/LNR) and regional data from 

the population-based registry of Eurocat Northern Netherlands, thereby verifying the detected 

decreasing trends and investigating whether the prevalence varies within the Netherlands. We 

found that the overall live-birth prevalence of oral clefts is significantly higher in the Northern 

Netherlands (15.1 to 21.4 per 10,000) than in the rest of the Netherlands (13.2 to 16.1 per 10,000). 

Time-trend analyses of both national registries confirmed the significant decreasing trend in 

CL±P for the rest of the Netherlands, while none of the registries showed significant trends 

for the Northern Netherlands. Despite some differences in prevalence between registries, they 

showed similar regional variation in prevalence and trends. In conclusion, our findings show 

that the prevalence of oral cleft live births varies significantly within the Netherlands, not only 

between but also within registries. This underlines that extrapolation of regional cleft data 

should be done with caution. Further studies investigating etiology and evaluating preventive 

strategies should consider these geographical differences in cleft sub-phenotypes among live 

births, stillbirths, and spontaneous/induced abortions, between and within countries, as they 

may reveal clues to the causal factors of oral clefts.

PART III Postnatal classification 

In chapter 7 a new postnatal classification of oral clefts based on the patho-embryology of 

the primary and secondary palates is described and tested on all sub-phenotypes among 

Dutch newborns. All unoperated infants registered in the national NVSCA database from 

1997 through 2003 were included. Using their descriptive data, we divided the different sub-

phenotypes—including subclinical features—within the three cleft categories (CL, CLP, and CP) 

into fusion defects, differentiation defects, or combinations of these, thereby classifying them 

according to their underlying patho-embryological processes. In total, 3.512 patients were 

included, showing a CL in 28%, CLP in 39%, and CP in 33%. Patients with CL showed 22% fusion 

defects, 75% differentiation defects, and 3% combined fusion and differentiation defects. CLP 

and CP patients most frequently had fusion defects (70% and 89%, respectively). We were able 

to construct an embryonic timetable relating almost all observed sub-phenotypes (over 90%) 

to specific weeks in development. This approach—considering timing and underlying mecha-

nisms in embryogenesis—provides new feasible subgroups for further clinical, epidemiologi-

cal, and fundamental research.

In chapter 8 we analyzed adult unoperated patients from Indonesia with clefts of the lip/

alveolus only to investigate whether our new classification is complete and feasible for all 

cleft sub-phenotypes of the primary palate. Compared to the secondary palate, the primary 

palate has rather complex and underexposed underlying patho-embryological mechanisms. 

Additionally, we investigate whether further morphological grading of incomplete cleft lips 
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is clinically and embryologically relevant and should be added to this classification. After 

local announcements, 108 adult unoperated patients with clefts of the lip/alveolus only were 

included. Using color photographs, X-rays, and dental casts, clefts were classified as fusion 

defects, differentiation defects, or combined defects. We further graded the morphology of 

incomplete cleft lips and analyzed whether these grades were related to the severity of alveolar 

clefts/hypoplasia. Permanent dentition was analyzed to investigate which alveolar part is 

deficient in fusion/differentiation defects. All sub-phenotypes—comprising 96 unilateral and 

12 bilateral clefts—could be classified into fusion defects (17%), differentiation defects (79%), 

unilateral fusion-differentiation defects (2%), or bilateral fusion & differentation (2%) defects. 

We found that the various morphological grades of cleft lip were not related to the associated 

alveolar clefts/hypoplasia. Additionally, all alveolar and dental deformities were located in the 

premaxillae. This study demonstrates that this classification is complete and feasible for all 

clefts of primary palate, that further morphological grading of incomplete cleft lip is neither 

clinically nor embryologically relevant, and that the premaxilla forms the deficient part in 

alveolar deformities. 

PART IV Effects of periconceptional folic acid supplementation

In chapter 9 the effects of periconceptional folic acid supplements on the risk of oral clefts rela-

tive to other non-folate related congenital anomalies was assessed in a population-based case-

control study, using complementary data from the NVSCA and Eurocat databases of children 

and fetuses born in the Northern Netherlands between 1997 and 2009 inclusive. Cases were 

live-born infants with non-syndromic clefts (n = 367) and controls were infants or fetuses with 

chromosomal/syndromal (n = 924) or non-folate related anomalies (n = 2021). We analyzed 

type, timing, and duration of supplement use related to the three cleft categories as well as to 

their timing (early/late embryonic periods) and underlying embryological processes (fusion/

differentiation defects). Consistent supplement use during the etiologically relevant period 

(weeks 0 to 12 postconception) was associated with an increased risk of clefts (adjusted odds 

ratio 1.72, 95% CI 1.19 to 2.49), especially of cleft lip/alveolus (3.16, 1.69 to 5.91). Further analysis 

systematically showed two- to three-fold increased risks for late differentiation defects—mainly 

clefts of the lip/alveolus—with no significant associations for early/late fusion defects. Effects 

were attributable to folic acid and not to other multivitamin components, and inclusion of 

partial use (not covering the complete etiologically relevant period) generally weakened asso-

ciations. This study presents several lines of evidence indicating that periconceptional folic acid 

in the Northern Netherlands might be associated with an increased risk of clefts, in particular 

of cleft lip/alveolus. This association is strengthened by the specificity, consistency, systematic 

pattern, and duration of exposure-response relationship of our findings, underlining the need 

to evaluate public health strategies regarding folic acid and to further investigate potential 

adverse effects.
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PART V Prenatal diagnosis and classification 

In chapter 10 we give an overview of literature and complementary validated NVSCA data on 

the type and frequency of associated structural and chromosomal anomalies related to oral 

cleft category in prenatal and postnatal populations. The aim of this study was to provide a 

basis for prenatal counseling and decisions on prenatal invasive diagnostics. Twenty studies 

were included: 3 providing prenatal data, 13 providing postnatal data, and 4 providing both. 

Data from prenatal and postnatal studies showed that the prevalence of associated anomalies 

is lowest in CL (0 to 20% and 8 to 41%, respectively). For CLP, higher frequencies were found 

both prenatally (39% to 66%) and postnatally (21% to 61%). Although CP was barely detectable 

by ultrasound, it was the category most frequently associated with accompanying defects in 

postnatal studies (22% to 78%). Chromosomal abnormalities were most frequently seen in 

association with additional anomalies. In the absence of associated anomalies, chromosomal 

defects were found prenatally in CLP (3.9%) and postnatally in CL (1.8%, 22q11.2 deletions 

only), in CLP (1.0%), and in CP (1.6%). These findings underline that prenatal counseling regard-

ing prognosis and risk of chromosomal defects should be tailored to cleft category, and more 

importantly to the presence or absence of associated anomalies. Irrespective of cleft category, 

clinicians should advise invasive genetic testing if associated anomalies are seen prenatally. In 

the absence of associated anomalies, prenatal conventional karyotyping is not recommended 

in CL, although array comparative genomic hybridization should be considered. In presumed 

isolated CLP or CP, prenatal invasive testing, preferably by array-based methods, is recom-

mended.

In chapter 11 we present a new prenatal ultrasound classification of oral and craniofacial 

clefts to aid in prenatal counseling, care, and research. This system is designed for modern 

ultrasound technologies and subdivides clefts according to their patho-embryological 

processes, associated congenital anomalies, and recent epidemiological insights. In contrast 

to most other systems, oral clefts (categories I-III) are distinguished from midline and atypical 

facial clefts (categories IV-VI), as the latter should be considered as craniofacial clefts because 

of their different patho-embryogenesis and accompanying defects. Additionally, the alveolus 

is described separately because of its unique underlying embryological processes, and clefts 

of the palate only are included as these are prenatally detectable nowadays. Besides grouping 

oral clefts into the three main categories (categories I-III), it is essential to prenatally differen-

tiate between incomplete and complete clefts of the lip/alveolus, because the palate is less 

frequently involved in incomplete clefts, resulting in a better prognosis, especially when it 

comes to associated defects. Although unilateral and bilateral forms of CLP result from similar 

embryological processes, it is clinically relevant to distinguish them prenatally, because unilat-

eral forms (category IIa) are less frequently associated with additional anomalies than bilateral 

forms (category IIb). With regard to craniofacial clefts, we distinguish two types of midline clefts 

based on differences in embryological processes and associated anomalies: complete median 

cleft lip and palate with hypotelorism (category IV), and incomplete median cleft lip (alveolus) 
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with or without hypertelorism (category V). The latter category (VI) of our classification com-

prises atypical facial clefts that are—in contrast to what is generally stated in literature—not 

explained by amniotic bands, but by different embryological processes.
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Schisis is één van de meest voorkomende aangeboren afwijkingen. Er zijn veel verschillende 

subfenotypen te onderscheiden en afhankelijk van de lokalisatie spreekt men van een lip-, 

kaak-, of gehemeltespleet, of een combinatie hiervan. Meestal worden deze afwijkingen direct 

na de geboorte ontdekt, maar door de verbetering in het structurele tweedimensionale (2D) 

echoscopisch onderzoek worden met name de lip/kaakspleten met of zonder gehemeltesple-

ten toenemend tijdens de zwangerschap gediagnosticeerd. Schisis komt als een geïsoleerde 

afwijking voor, maar ook met bijkomende aangeboren afwijkingen, meestal als onderdeel van 

een syndroom of chromosomale afwijking. De ontstaanswijze en oorzakelijke factoren van 

schisis zijn wereldwijd gedurende vele decennia onderzocht, maar ondanks het grote aantal 

studies is er nog relatief weinig over bekend. Het doel van dit proefschrift is om zowel de 

verschillende subfenotypen van schisis en de daarbij voorkomende congenitale afwijkingen te 

beschrijven en te classificeren, zowel in de prenatale en postnatale setting, om zo een aanpak 

en basis te bieden voor het verkrijgen van meer kennis over de etiopathogenese van schisis en 

het optimaliseren van de prenatale en postnatale uitkomst en prognose.

DEEL I Beschrijvende registratie en validatie

In hoofdstuk 2 hebben we de studieopzet en eerste resultaten beschreven van een nationaal 

validatieproject waarin de kwaliteit van gegevens werd onderzocht opgenomen in de registra-

tie van patiënten met schisis en craniofaciale afwijkingen van de Nederlandse Vereniging voor 

Schisis en Craniofaciale Afwijkingen (NVSCA). Hiervoor werd uit de nationale NVSCA-database 

een random sample genomen van 250 patiënten die gedurende de periode 1997-2003 met 

een schisis werden geregistreerd door de Nederlandse schisisteams met behulp van een uniek 

gedetailleerd registratiesysteem gebaseerd op de embryologie van het hoofd/halsgebied; van 

deze patiënten werden er 13 geëxcludeerd vanwege onvoldoende medische gegevens. Om de 

kwaliteit van de registratiegegevens te kunnen beoordelen werden deze gegevens vergeleken 

met een herregistratie van de klinische gegevens verkregen uit de medische status van de des-

betreffende patiënten. Hieruit bleek dat de drie grove categorieën die tegenwoordig gebruikt 

worden om schisis te onderzoeken (lip/kaakspleten = CL, lip/kaak en gehemeltespleten = CLP, 

en gehemeltespleten = CP), accuraat en compleet worden geregistreerd in de NVSCA. Voor 

alle categorieën werd een goede inter-database overeenkomst gevonden met een kappa (κ) 

waarde van 0,89 en hoger, een sensitiviteit van 90% en hoger, en een specificiteit van 97% 

en hoger. De gegevens met betrekking tot de algemene karakteristieken van het kind en de 

ouders bleken minder, maar redelijk valide te zijn en toonden een variërende κ-waarde (0,20-

0,76), sensitiviteit (25%-97%), en specificiteit (35%-93%). Tezamen laten deze bevindingen zien 

dat de NVSCA-gegevens uitermate geschikt zijn voor vergelijking en onderzoek met andere 

studies en registraties van aangeboren afwijkingen, waaronder schisis. 
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In hoofdstuk 3 werd de kwaliteit van de NVSCA-gegevens verder geanalyseerd door te 

onderzoeken of de specifieke kenmerken (topografie en morfologie) van de verschillende 

subfenotypen binnen de drie schisiscategorieën adequaat zijn geregistreerd in de klinische 

praktijk. Uit vergelijking van deze gegevens met de herregistratie bleek dat de kwaliteit over 

het algemeen acceptabel is, maar dat deze varieert met de anatomische lokalisatie en de 

morfologische ernst van de afwijkingen. De topografische-anatomische structuren (lip, kaak, 

harde en zachte palatum) toonden een goede inter-database overeenkomst met een κ-waarde 

variërend van 0,82 tot 0,98, een sensitiviteit van hoger dan 87% en een specificiteit van hoger 

dan 95%. De validiteit daalde echter bij het analyseren van de morfologie van deze structuren, 

voornamelijk voor de morfologisch milde kenmerken. Voor het harde en zachte palatum was 

deze associatie het duidelijkst aanwezig. Zo was bijvoorbeeld de overeenkomst hoger voor 

de complete/incomplete spleten van het zachte palatum (κ-waarde 0,91 en sensitiviteit 96%) 

dan voor de submuceuze spleten van het harde/zachte palatum (κ-waarde 0,77 en sensitiviteit 

69%). Onze resultaten laten zien dat het unieke NVSCA-registratiesysteem valide en klinisch 

toepasbaar is en onderstrepen de aanvullende waarde – ten opzichte van andere registratie-

systemen – voor verder fundamenteel, epidemiologisch en klinisch onderzoek. De data voor 

morfologisch ernstigere spleten zijn echter betrouwbaarder dan die voor morfologisch mildere 

afwijkingen. Dit heeft mogelijk implicaties voor onderzoek naar deze kenmerken alsook voor 

het verbeteren van richtlijnen op het gebied van routine neonataal onderzoek.

In hoofdstuk 4 valideerden we de NVSCA-gegevens met betrekking tot geassocieerde con-

genitale afwijkingen, syndromen en chromosomale defecten. Door middel van herregistratie in 

twee fasen (eenmaal gebaseerd op de medische gegevens die beschikbaar waren op het oor-

spronkelijke moment van registratie in de NVSCA, en eenmaal gebaseerd op alle gegevens die 

beschikbaar waren op het moment van dit onderzoek, dus inclusief postnatale follow-up) werd 

onderzocht of deze afwijkingen adequaat gediagnosticeerd zijn tijdens het eerste bezoek aan 

de schisisteams en of ze vervolgens goed geregistreerd zijn. De kwaliteit voor geassocieerde 

afwijkingen bleek middelmatig tot slecht te zijn, met een κ-waarde variërend van 0,59 tot 0. 

Van de craniofaciale afwijkingen ontbrak 77% in de NVSCA: 30% door verlate diagnose en 47% 

door deficiënte registratie. Van de afwijkingen betreffende andere orgaansystemen was 80% 

niet geregistreerd: 52% door verlate diagnose en 28% door deficiënte registratie. De registratie 

van de uiteindelijke diagnose (zoals syndromen of chromosomale defecten) was beter, maar 

nog niet acceptabel, met een onderrapportage van 54%: 24% door verlate diagnose en 30% 

door deficiënte registratie. De overrapportage was slechts 1,6% of lager. Deze bevindingen 

benadrukken het belang van uitvoerig routineonderzoek van patiënten met schisis. Hierbij 

moet meer gefocust worden op bijkomende afwijkingen, en vroege genetische counseling lijkt 

op zijn plaats in de meeste gevallen. Daarnaast onderstrepen onze resultaten het nut van post-

natale follow-up en continue registratie, en herregistratie in de NVSCA op een latere leeftijd 

wordt dan ook aanbevolen.
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DEEL II Prevalentie in Nederland

In hoofdstuk 5 presenteren we de trends in prevalentie van schisis onder levendgeborenen in 

Nederland over 1997-2006. Hiervoor verrichtten we tijdtrendanalyses met NVSCA-gegevens 

van kinderen met schisis die levend geboren werden in Nederland tijdens de studieperiode. 

De prevalenties en het geschatte percentage jaarlijkse verandering (EAPC) van de prevalen-

ties werden berekend en vervolgens gestratificeerd naar: lip/kaak- met of zonder gehemel-

tespleten (CL±P); en gehemeltespleten zonder lip/kaakspleten (CP). Op deze manier werd 

onderzocht of het toegenomen periconceptioneel gebruik van foliumzuursupplementen en/

of de toegenomen prenatale detectie van schisis (met of zonder geassocieerde afwijkingen) 

gevolgd door zwangerschapsafbreking de prevalentie van schisis mogelijk beïnvloed zouden 

kunnen hebben. Beide factoren zijn voornamelijk van toepassing op CL±P, omdat deze, anders 

dan CP, ontstaan tijdens de periode die aanbevolen is voor foliumzuurgebruik en deze via de 

2D-echoscopisch onderzoek prenataal gediagnosticeerd kunnen worden. Gedurende 1997-

2006 hadden 3.308 van de 1.970.872 levend geboren kinderen een schisis, met als resultaat 

een totale prevalentie per 10.000 levendgeborenen van 16,8 (CL±P 11,3; CP 5,5). Tijdens de 

studieperiode daalde de prevalentie van schisis significant met 1.8% per jaar (95% betrouw-

baarheidsinterval (BI): –3,0% tot –0,6%) doordat de prevalentie van CL±P daalde (EAPC –2,3%; 

95% BI: –3,8% tot –0,9%). Er werden geen significante trends voor CP gevonden. Concluderend 

tonen onze resultaten dat de prevalentiedaling in schisis veroorzaakt is door een daling in CL±P. 

Deze specifieke daling suggereert dat het toegenomen periconceptioneel foliumzuurgebruik 

en/of de toegenomen prenatale detectie gevolgd door zwangerschapsafbreking mogelijke 

oorzaken zouden kunnen zijn. Alhoewel dit implicaties zou moeten hebben voor prenatale 

counseling en het foliumzuurbeleid, is verder onderzoek naar deze factoren vereist. 

 In hoofdstuk 6 worden de prevalentiegegevens van de NVSCA over 1997-2007 vergeleken 

met de nationale gegevens van de Landelijke Verloskunde en Neonatale Registraties (LVR/LNR) 

en de regionale gegevens van de Eurocat-registratie in Noord-Nederland. Het doel hiervan was 

om de gedetecteerde dalende trends te verifiëren en om te onderzoeken of de prevalentie 

varieert binnen Nederland. Deze vergelijking toonde dat de totale prevalentie van schisis 

onder levendgeborenen significant hoger is in Noord-Nederland (15,1 tot 21,4 per 10.000) dan 

in de rest van Nederland (13,2 tot 16,1 per 10.000). Tijdtrendanalyse van beide nationale regis-

traties bevestigden de significant dalende trend in CL±P voor de rest van Nederland, terwijl 

geen van de registraties significante trends voor Noord-Nederland vertoonde. Ondanks enige 

verschillen in prevalentie tussen de registraties, lieten ze een vergelijkbare regionale variatie 

in prevalentie en trends binnen Nederland zien. Concluderend varieert de prevalentie van 

schisis onder levendgeborenen significant in Nederland, niet alleen tussen maar ook binnen 

registraties. Dit onderstreept dat men zeer voorzichtig dient te zijn met het extrapoleren van 

regionale schisisgegevens. Het is van belang dat verdere studies naar de etiologie en naar het 

effect van preventieve maatregelen rekening houden met geografische verschillen in subfe-

notypen van schisis onder levend- en doodgeborenen alsmede spontane en geïnduceerde 
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zwangerschapsafbrekingen, omdat dit kan leiden tot meer inzicht in the oorzakelijke factoren 

van schisis.

DEEL III Postnatale classificatie

In hoofdstuk 7 wordt een nieuwe postnatale classificatie van schisis – gebaseerd op de patho-

embryologie van het primaire en secundaire palatum – beschreven en getest op alle subfe-

notypen onder Nederlandse pasgeborenen. Alle ongeopereerde kinderen die geregistreerd 

werden in de nationale NVSCA-database van 1997 tot en met 2003 werden geïncludeerd. Met 

behulp van de beschrijvende gegevens van deze kinderen werden de verschillende subfeno-

typen, inclusief subklinische kenmerken, binnen de drie schisiscategorieën (CL, CLP en CP) 

ingedeeld in fusiedefecten, differentiatiedefecten, of combinaties hiervan. Op deze manier 

werden de subfenotypen ingedeeld naar onderliggende patho-embryologische processen. 

In totaal werden 3.512 patiënten geïncludeerd, waarvan 28% een CL had, 39% een CLP en 

33% een CP. Patiënten met CL hadden in 22% van de gevallen een fusiedefect, in 75% een 

differentiatiedefect en in 3% een gecombineerd fusie-differentiatiedefect. Onder de patiënten 

met CLP en CP werd in de meeste gevallen een fusiedefect gediagnosticeerd (respectievelijk 

in 70% en 89%). Daarnaast was het mogelijk om een embryologische tijdstabel te construeren 

waarbij bijna alle subfenotypen (> 90%) gerelateerd kon worden aan specifieke weken in de 

ontwikkeling. Deze nieuwe aanpak, waarbij schisis ingedeeld wordt naar de timing en onder-

liggende mechanismen in embryogenese, is goed toepasbaar en biedt nieuwe subgroepen 

voor klinisch, epidemiologisch en fundamenteel onderzoek.

In hoofdstuk 8 hebben we volwassen ongeopereerde patiënten uit Indonesië met een 

spleet van alleen de lip en/of kaak geanalyseerd om te onderzoeken of de nieuwe postnatale 

classificatie compleet en toepasbaar is voor alle subfenotypen van het primaire palatum. Ver-

geleken met die van het secundaire palatum, zijn de onderliggende embryologische processen 

van het primaire palatum namelijk zeer complex en onderbelicht in de literatuur. Daarnaast 

onderzochten we of verdere morfologische gradering van incomplete lipspleten zowel klinisch 

als embryologisch relevant is en toegevoegd dient te worden aan de classificatie. Na lokale 

aankondigingen van de mogelijkheid tot klinische behandeling, werden 108 volwassen 

ongeopereerde patiënten met spleten van alleen de lip en/of kaak geïncludeerd. Met behulp 

van kleurenfoto’s, röntgenfoto’s en kaakmodellen, classificeerden we de subfenotypen als 

fusiedefect, differentiatiedefect, of als gecombineerd defect. Vervolgens werden de incomplete 

lipspleten morfologisch verder gegradeerd en onderzochten we of deze te relateren waren aan 

de ernst van de geassocieerde alveolaire afwijkingen (spleten of hypoplasie). De permanente 

dentitie werd geanalyseerd om te onderzoeken welk deel van de alveolus deficiënt is in fusie- 

en/of differentiatiedefecten. Zesennegentig patiënten toonden een unilaterale en 12 patiënten 

een bilaterale schisis. Het was mogelijk om alle subfenotypen te classificeren, wat resulteerde 

in 17% fusiedefecten, 79% differentiatiedefecten, 2% unilaterale fusie-differentiatiedefecten en 

2% bilaterale fusie- & differentiatiedefecten. De morfologische gradering van lipspleten bleek 
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niet gerelateerd te zijn aan de geassocieerde alveolairspleten of -hypoplasie. Daarnaast waren 

alle alveolaire en dentale afwijkingen gelokaliseerd in de premaxillae. Deze studie demon-

streert dat onze nieuwe classificatie compleet en toepasbaar is voor spleten van het primaire 

palatum, dat verdere morfologische gradering van incomplete lipspleten noch klinisch noch 

embryologisch relevant is, en dat het deficiënte deel in alveolaire afwijkingen de premaxilla 

betreft. 

DEEL IV Effect van periconceptionele foliumzuursuppletie

In hoofdstuk 9 onderzochten we de effecten van periconceptionele foliumzuursupplementen 

op het risico van schisis ten opzichte van andere niet-foliumzuur gerelateerde aangeboren 

afwijkingen in een populatie-gebaseerde case-controle studie. Hiervoor werden de comple-

mentaire gegevens van de NVSCA en Eurocat gebruikt voor kinderen en foetussen geboren 

in Noord-Nederland van 1997 tot en met 2009. Als cases includeerden we levend geboren 

kinderen met non-syndromale schisis (n = 367) en als controles kinderen en foetussen met 

chromosomale of syndromale afwijkingen (n = 924) of met niet-foliumzuur gerelateerde 

aangeboren afwijkingen (n = 2021). Het type, de timing en de duur van supplementgebruik 

werd geanalyseerd in relatie tot de drie schisiscategorieën alsook tot de timing (vroege en 

late embryonale periodes) en onderliggende processen (fusie/differentiatiedefecten) in de 

embryogenese. Consistent gebruik van supplementen tijdens de etiologisch relevante periode 

(week 0 tot en met 12 na de conceptie) bleek geassocieerd te zijn met een verhoogd risico 

voor schisis (aangepaste odds ratio 1,72; 95% BI 1,19 tot 2,49), en in het bijzonder voor lip/

kaakspleten (3,16; 95% BI 1,69 tot 5,91). Meer specifiekere analyse toonde twee- tot driemaal 

verhoogde risico’s voor late differentiatiedefecten, welke voornamelijk spleten van de lip/kaak 

betroffen, zonder significante associaties voor vroege en late fusiedefecten. Effecten waren 

toe te schrijven aan foliumzuur en niet aan andere componenten van multivitaminen en 

werden zwakker na inclusie van gedeeltelijk gebruik (gedurende een deel van de etiologisch 

relevante periode). Deze studie presenteert verschillende lijnen van bewijs die suggereren dat 

periconceptioneel gebruik van foliumzuur in Noord-Nederland geassocieerd zou kunnen zijn 

met een verhoogd risico voor schisis, voornamelijk voor lip/kaakspleten. Deze associatie wordt 

ondersteund door de specificiteit, de consistentie, het systematische patroon, en de ‘duur van 

blootstelling-respons relatie’ in onze resultaten. Dit onderstreept dat de evaluatie van ‘public 

health’ strategieën en onderzoek naar de potentiële nadelige effecten van foliumzuur nood-

zakelijk is.

DEEL V Prenatale diagnose en classificatie

In hoofdstuk 10 geven we een overzicht van literatuur en complementaire gevalideerde 

NVSCA-gegevens voor het type en de frequentie van geassocieerde structurele en chromoso-

male afwijkingen in relatie tot de categorieën schisis in prenatale en postnatale populaties. Het 

doel hiervan is om een basis te bieden voor prenatale counseling en voor beslissingen op het 
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gebied van prenatale invasieve diagnostiek. Twintig studies werden geïncludeerd: 3 met prena-

tale gegevens, 13 met postnatale gegevens en 4 met prenatale en postnatale gegevens. Zowel 

prenatale als postnatale studies toonden dat de prevalentie van geassocieerde afwijkingen het 

laagste is in CL (respectievelijk 0 tot 20% en 8 tot 41%). Voor CLP werden hogere frequenties 

gevonden in prenatale (39% tot 66%) en postnatale (21% tot 61%) studies. CP werd nauwelijks 

gedetecteerd met het 2D-echoscopisch onderzoek, maar de postnatale studies lieten zien dat 

deze categorie het vaakst geassocieerd is met bijkomende afwijkingen (22% tot 78%). Chro-

mosomale afwijkingen werden het meest gezien wanneer er sprake was van geassocieerde 

afwijkingen. In de afwezigheid van geassocieerde afwijkingen werden chromosomale defecten 

prenataal gediagnosticeerd in alleen CLP (3,9%) en postnataal in CL (1,8%, alleen 22q11.2 dele-

ties), in CLP (1,0%) en in CP (1,6%). Deze bevindingen benadrukken dat prenatale counseling 

met betrekking tot prognose en het risico op chromosomale afwijkingen zou moeten worden 

afgestemd op de schisiscategorie, en in nog hogere mate op de aan- of afwezigheid van geas-

socieerde afwijkingen. Daarnaast wordt in het geval van prenatale geassocieerde afwijkingen 

invasief genetisch onderzoek geadviseerd. Bij de afwezigheid van geassocieerde afwijkingen in 

CL wordt prenatale conventionele karyotypering niet aanbevolen, maar zou “array comparative 

genomic hybridization” overwogen kunnen worden. Indien verondersteld wordt dat CLP of CP 

geïsoleerd voorkomt, is prenataal invasief onderzoek aan te bevelen, bij voorkeur met array-

gebaseerde methoden.

In hoofdstuk 11 presenteren we een nieuwe prenatale echoclassificatie van schisis en 

craniofaciale spleten met als doel prenatale counseling, zorg en onderzoek te optimaliseren. 

Dit systeem is ontwikkeld voor moderne echotechnieken en deelt de afwijkingen in volgens 

onderliggende patho-embryologische processen, bijkomende congenitale afwijkingen en 

recente epidemiologische inzichten. In tegenstelling tot de meeste systemen, onderscheiden 

wij schisis (categorieën I-III) van mediane en atypische aangezichtsspleten (categorieën IV-VI). 

Deze laatste groepen dienen beschouwd te worden als craniofaciale spleten vanwege de andere 

patho-embryogenese en bijkomende defecten. Daarnaast wordt de alveolus apart beschreven 

gezien de unieke onderliggende embryologische processen, en zijn de gehemeltespleten 

zonder lip/kaakspleten ook opgenomen in de classificatie omdat deze steeds beter prenataal 

te diagnosticeren zijn. Naast de groepering van schisis in drie categorieën is het belangrijk 

om incomplete van complete lip/kaakspleten te onderscheiden, omdat het palatum minder 

vaak is aangedaan bij incomplete spleten, wat resulteert in een betere prognose, voorname-

lijk als het gaat om geassocieerde afwijkingen. Hoewel unilaterale en bilaterale lip/kaak- en 

gehemeltespleten dezelfde onderliggende embryologische processen hebben, is het klinisch 

relevant om deze groepen te onderscheiden omdat unilaterale vormen (categorie IIa) minder 

vaak geassocieerd zijn met bijkomende afwijkingen dan bilaterale vormen (categorie IIb). Wat 

betreft de craniofaciale spleten zijn er twee aparte categorieën mediane aangezichtsspleten 

te onderscheiden gezien hun verschillen in embryologische processen en bijkomende afwij-

kingen: complete mediane lip/kaak- en gehemeltespleet met hypotelorisme (categorie IV) en 
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incomplete mediane lip(kaak)spleet met of zonder hypertelorisme (categorie V). De laatste 

categorie (VI) van de classificatie bestaat uit atypische aangezichtsspleten die – in tegenstelling 

tot wat over het algemeen beweerd wordt in de literatuur – niet verklaard kunnen worden door 

amnionstrengen, maar door andere embryologische processen.
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Abbreviations

2D two-dimensional

3D three-dimensional

array CGH array-comparative genomic hybridization

BI betrouwbaarheids interval

BPA British Pediatric Association Classification of Diseases

CCL complete cleft lip 

CCLA complete cleft lip + complete cleft alveolus

CCL+ICA complete cleft lip + incomplete cleft alveolus

CCLA;ICL complete cleft lip + complete cleft alveolus combined with a 

contralateral incomplete cleft lip

CCLA;ICLA complete cleft lip + complete cleft alveolus combined with a 

contralateral incomplete cleft lip + incomplete cleft alveolus

CCLA; ICL+CCA complete cleft lip + complete cleft alveolus combined with a 

contralateral incomplete cleft lip + complete cleft alveolus

CCP complete cleft palate

CCSP complete cleft of the soft palate

CI confidence interval

CL cleft lip

CL/A cleft lip/alveolus

CL/AP cleft lip/alveolus and palate

CL/A±P cleft lip/alveolus with or without cleft palate 

CLP cleft lip and palate

CL±P cleft lip with or without cleft palate

CP cleft palate

CRL crown-rump length

D differentiation defect

EAPC estimated annual percentage change

ECLAM Latin American Collaborative Study of Congenital Malformations

EMT epitheliomesenchymal transformation

EUROCAT European Registry of Congenital Anomalies and Twins 

F fusion defect

FD fusion and differentiation defect

FISH fluorescence in situ hybridization

Fro. os frontale

HH/SP hypoplastic hard and/or soft palate

ICD International Classification of Diseases
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ICHP incomplete cleft of the hard palate

ICL incomplete cleft lip

ICLA incomplete cleft lip + incomplete cleft alveolus

ICL+CCA incomplete cleft lip + complete cleft alveolus 

ICSP incomplete cleft of the soft palate

I.o.d. interorbital distance

IQR interquartile range

IUCR intrauterine growth retardation

I/CCU (in)complete cleft of the uvula

Κ kappa

LNR Landelijke Neonatologie Registratie (National Neonatal Registry)

LVR Landelijke Verloskunde Registratie (National Obstetric Registry)

Mand. mandible

Max. maxilla

MCA multiple congenital anomalies

Nas. os nasale

NNL Northern Netherlands

NVSCA Nederlandse Vereniging voor Schisis en Craniofaciale Afwijkingen 

(Dutch Association for Cleft Palate and Craniofacial Anomalies)

OC common oral cleft

Occ. os occipitale 

Pal.dur. palatum durum

Pal.mol. palatum molle

Par. os parietale

PPR prevalence proportion ratio

Pre. premaxilla

Pre./Max. premaxilla – maxilla

PRS Pierre Robin Sequence

SCHP submucous cleft of the hard palate

SCH/SP submucous cleft of the hard and/or soft palate

SCL submucous cleft lip

SCSP submucous cleft of the soft palate

SD standard deviation

Temp. os temporale

Ton. tongue

TOP termination of pregnancy

US ultrasound
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VCF velo-cardio-facial syndrome (22q11.2 deletion)

WAZ Wet Afbreking Zwangerschap

(Termination of Pregnancy Act)

Zyg. zygoma
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PhD portfolio

Summary of PhD Training and Teaching Activities

Name PhD student: 
Erasmus MC Department: 
PhD period: 
Promotor: 
Supervisor: 

Annemarie Rozendaal
Plastic and Reconstructive Surgery
2008 – 2012
Prof. dr. S.E.R. Hovius
Dr. C. Vermeij-Keers

Year Workload
(Hours/
ECTS)

1. PhD training

General academic skills 

- 
- 

English Course Proficiency A 
Biomedical English Writing and Communication

2008
2009

30 hours 
4 ECTS

Research skills

- 
- 

Principles of Research in Medicine and Epidemiology, NIHES 
Biostatistics for Clinicians, NIHES

2008
2009

0.7 ECTS
1 ECTS

In-depth courses (e.g. medical training)

- Microsurgery training
Skillslab, Erasmus MC Rotterdam

2008 & 2009 150 hours

Oral presentations

- � Validatie van de NVSCA-registratie Schisis: studieopzet en eerste 
resultaten. 23e Wetenschappelijke Vergadering NVSCA. Nijmegen, 
Nederland

2008 1 ECTS

- � Drie registraties: prevalentie van schisis in Nederland en Noord-
Nederland, een nationale daling 1997-2006. Commissie Registratie 
Aangeboren Afwijkingen, Ministerie van Volksgezondheid, Welzijn en 
Sport. Den Haag, Nederland

2009 1 ECTS

- � Validation of the NVSCA Registry Common Oral Clefts: study design 
and first results. 11th International Congress on Cleft lip and Palate and 
Related Craniofacial Anomalies. Fortaleza, Brazil

2009 1 ECTS

- � Ten years registration of common oral clefts: decrease of prevalence in 
the Netherlands, 1997-2006. 11th International Congress on Cleft lip and 
Palate and Related Craniofacial Anomalies. Fortaleza, Brazil

2009 1 ECTS

- � Tien jaar schisisregistratie: daling prevalentie van schisis in Nederland, 
1997-2006. 24e Wetenschappelijke Vergadering NVSCA. Tilburg, 
Nederland

2009 1 ECTS

- � Validatie van de NVSCA-registratie Schisis: kwaliteit van registratie van 
de individuele schisisafwijkingen. 25e Wetenschappelijke Vergadering 
NVSCA. Den Haag, Nederland

2010 1 ECTS

- � Regionale verschillen in de prevalentie van schisis onder 
levendgeborenen in Nederland 1997-2007: trendanalyse van gegevens 
uit drie Nederlandse registraties. 25e Wetenschappelijke Vergadering 
NVSCA. Den Haag, Nederland

2010 1 ECTS



Appendices308

- � Oral Clefts: Registration, classification, and epidemiology of prenatal and 
postnatal phenotypes. PhD-weekend afdeling Dermatologie – Erasmus 
MC Rotterdam. Zuid-Limburg, Nederland

2012 1 ECTS

International and national conferences

- Symposium Perinatologie in beeld. Rotterdam, Nederland 2008 1 ECTS

- 23e Wetenschappelijke Vergadering NVSCA. Nijmegen, Nederland 2008 1 ECTS

- � Voorjaarsvergadering Nederlandse Vereniging voor Plastische Chirurgie. 
Utrecht, Nederland

2009 1 ECTS

- � 11th International Congress on Cleft Lip and Palate and Related 
Craniofacial Anomalies. Fortaleza, Brazil

2009 1 ECTS

- 24e Wetenschappelijke Vergadering NVSCA. Tilburg, Nederland 2009 1 ECTS

- 25e Wetenschappelijke Vergadering NVSCA. Den Haag, Nederland 2010 1 ECTS

Seminars and workshops

- Kortjakje, Zondagsschool voor Plastische Chirurgie. Zeist, Nederland 2008 7 hours

- � Training in hechttechnieken zenuwen, pezen en flexoren, Skillslab, 
Erasmus MC Rotterdam, Rotterdam, Nederland

2008 20 hours

- � PhD-weekend afdeling Dermatologie – Erasmus MC Rotterdam. Zuid-
Limburg, Nederland

2012 48 hours

Other

- � Session chair “Junior Investigations”. 11th International Congress on Cleft 
lip and Palate and Related Craniofacial Anomalies. Fortaleza, Brazil

2009

- Member Working Group NVSCA registry 2008 – 2012 120 hours

- Member Working Group NVSCA website 2008 – 2012 120 hours

Awards

- “�The best Junior Investigation – Dr. Cassio M. Raposo do Amaral Award” 
11th International Congress on Cleft Lip and Palate and Related 
Craniofacial Anomalies. Fortaleza, Brazil

2009

2. Teaching activities

Lecturing

- � Vierdejaars vaardigheidsonderwijs anatomie en functie van de hand, 
curriculum geneeskunde, Erasmus Universiteit Rotterdam (EUR), 
Nederland

2008 6 hours

- � Keuzeonderwijs craniofaciale chirurgie, embryologie en 
registratie van schisis en andere hoofd/halsafwijkingen, 3e jaars 
keuzeonderwijsstudenten, EUR, Nederland

2009 & 2010 20 hours

- � Seminar embryologie en registratie van schisis en andere hoofd/
halsafwijkingen, orthodontisten in opleiding, Academisch Centrum 
Tandheelkunde Amsterdam (ACTA)

2009 & 2011 10 hours

Supervising practicals and excursions

- Supervisie Microchirurgiecursus voor AIOS Obstetrie en Gynaecologie, 
Skillslab, Erasmus MC Rotterdam, Nederland 2008 5 hours

- Supervisie Microchirurgiecursus voor specialisten en specialisten in 
opleiding, Skillslab, Erasmus MC Rotterdam, Nederland

2008 & 2009 28 hours
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Curriculum Vitae

Annemarie Rozendaal werd op 11 december 1981 geboren in Rotterdam. Zij doorliep het lager 

onderwijs op de Rehobothschool te Ridderkerk. In dezelfde plaats behaalde zij in 2000 haar 

VWO-diploma aan het Farel College. Aansluitend begon zij haar studie Geneeskunde aan de 

Erasmus Universiteit te Rotterdam. Tijdens deze studie was zij actief bij de Medische Faculteits 

Vereniging Rotterdam (MFVR), onder andere als bestuurslid en als voorzitter van de Facultaire 

Introductie Commissie. Daarnaast was zij werkzaam in het Studententeam Thoraxchirurgie 

van het Erasmus MC Rotterdam. In 2004-2005 verrichtte zij in dit ziekenhuis haar afstudeer-

onderzoek op de afdelingen Plastische en Reconstructieve Chirurgie en Orthodontie. Hiervoor 

deed zij – onder supervisie van Dr. C. Vermeij-Keers en Dr. J.W. van Neck – onderzoek naar de 

betrouwbaarheid en toepasbaarheid van het landelijk registratiesysteem van de Nederlandse 

Vereniging voor Schisis en Craniofaciale Afwijkingen (NVSCA) voor patiënten met schisis 

met of zonder geassocieerde afwijkingen. Als student-assistent continueerde zij tijdens haar 

co-assistentschappen deze onderzoeksactiviteiten en ontstond de basis voor dit proefschrift. 

Na haar keuze- en oudste co-assistentschap verricht te hebben op dezelfde afdeling behaalde 

zij haar artsexamen in 2008. Hierna werd zij als arts-onderzoeker op de afdelingen Plastische 

en Reconstructieve Chirurgie en Orthodontie aangesteld, onder supervisie van Prof. Dr. S.E.R. 

Hovius en Dr. C. Vermeij-Keers, met dit proefschrift als resultaat. Tijdens haar promotietraject 

deed zij tevens diensten in de kliniek en volgde zij trainingen microchirurgie. In 2011 besloot zij 

zich te specialiseren in de Dermatologie en Venerologie. Ter voorbereiding op deze opleiding 

volgde zij gedurende 4 maanden een klinische meeloopstage op de afdeling Dermatologie van 

het Sint Fransiscus Gasthuis te Rotterdam (Dr. M.C.G. van Praag en Drs. D.G.C.T.M. Snels). Hierna 

werd zij aangenomen voor de opleiding tot dermatoloog in het Erasmus MC (Prof. H.A.M. 

Neumann en Dr. B.H. Thio), waarmee zij in juli 2012 begon. Gedurende het eerste half jaar liep 

zij een perifere stage in het Catharina Ziekenhuis te Eindhoven (Dr. G.A.M. Krekels) en per 1 

juli 2013 is ze gestart met een tweede perifere stage van een jaar in het Amphia Ziekenhuis te 

Breda (Dr. A. Erceg).
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Dankwoord

Met een zeer voldaan gevoel schrijf ik het laatste deel van dit proefschrift, het dankwoord. Het 

was een zeer onvoorspelbare, afwisselende en soms zware weg, maar het is klaar, de olifant is 

op!! Zonder de inzet, steun, expertise en bijdrage van veel mensen was het nooit geworden 

wat het nu is. Graag wil ik iedereen die dit proefschrift mogelijk heeft gemaakt heel hartelijk 

danken, waarbij ik er een aantal bij naam wil noemen.

In de eerste plaats wil ik graag mijn co-promotor, dr. C. Vermeij-Keers, bedanken. Christl, zonder 

jouw uitgebreide wetenschappelijke kennis, ervaring en expertise op embryologisch gebied 

en je inspanningen voor de landelijke NVSCA-registratie Schisis had dit promotieonderzoek 

nooit plaats kunnen vinden. Je bevlogenheid, uithoudingsvermogen en precisie zijn bewonde-

renswaardig. We hebben heel intensief samengewerkt, en ik ben je dan ook bijzonder dankbaar 

voor al je tijd en energie. Geen vraag was je te veel, en je was altijd bereid om op korte termijn 

stukken te beoordelen. Ik heb je kritische blik en volhardendheid zeer gewaardeerd en ontzet-

tend veel geleerd van onze discussies en je manier van denken. Bedankt voor het vertrouwen 

dat je in me hebt gehad. 

Prof. dr. S.E.R. Hovius, mijn promotor, hartelijk dank voor de mogelijkheid om onderzoek te doen 

op uw afdeling. Uw betrokkenheid, adviezen en visie heb ik als zeer waardevol ervaren.

De leden van de kleine commissie, Prof. dr. E.B. Wolvius, Prof. dr. D. Oepkes en Prof. dr. D. Lindhout, 

ben ik zeer erkentelijk voor het beoordelen van mijn proefschrift en voor het waardevolle com-

mentaar.

Ook wil ik graag Prof. dr. R.P.M. Steegers-Theunissen, Prof. dr. H.A.M. Neumann en Prof. dr. C.M.A.M. 

van der Horst hartelijk danken voor het plaatsnemen in de grote commissie. Professor Neu-

mann, zeer veel dank voor de mogelijkheden die ik tijdens mijn opleiding dermatologie op uw 

afdeling heb gekregen om dit werk af te ronden.

Dr. E.M. Ongkosuwito wil ik bedanken voor zijn bereidheid om als deskundige plaats te nemen in 

de promotiecommissie. Beste Edwin, als onervaren en groene keuzeonderzoekster kreeg ik in 

het 4e jaar van mijn geneeskundeopleiding deels op jouw afdeling de gelegenheid om de basis 

te leggen voor dit onderzoek. Je leerde mij de klinische “ins and outs” over schisis en andere 

craniofaciale afwijkingen, waarna je tot en met de afronding van dit proefschrift betrokken 

bent gebleven. Ik ben je zeer dankbaar voor de mogelijkheden die je mij – als afdelingshoofd 

van de afdeling Orthodontie – geboden hebt voor het vervolgen van dit onderzoek en het te 
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laten worden tot wat het nu is. Je hebt me altijd gesteund en ik kon altijd bij je terecht, ook 

gewoon voor de gezelligheid of voor je orthodontische skills.

Daarnaast wil ik ook mijn waardering uitspreken naar jouw voorgangster, Prof. dr. B. Prahl-

Andersen. Professor Prahl, u stond direct achter het onderzoek dat wij wilden gaan verrichten. 

Dank voor uw support. 

Drs. A.J.M. Luijsterburg, beste Teun, tegen de tijd dat dit boekje uitkomt en ik promoveer ben jij 

net een kersverse doctor. Veel dank voor het ontwikkelen en beheren van de NVSCA-registratie 

en je geduld met het inwerken van mij op dit gebied. Je technische kennis van de registratie en 

database was onmisbaar en ook heb ik je co-auteurschappen zeer op prijs gesteld. 

Drs. A.H. Trenning, beste Bert, ook jou wil ik bedanken voor al je registratiewerkzaamheden. 

De gezellige meetings voor het ontwikkelen van de website en digitalisering van de NVSCA-

registratie waren een welkome afwisseling. Mede dankzij jouw inspanningen en belangeloze 

inzet werden de data zeer toegankelijk. Verder kan ik geen spaceshuttle meer de lucht in zien 

gaan zonder dat ik aan jou denk!

Ook ben ik veel dank verschuldigd aan de Nederlandse schisisteams en de Nederlandse Vereni-

ging voor Schisis en Craniofaciale Afwijkingen (NVSCA), en in het bijzonder haar bestuur. Zonder 

hun toewijding en inspanningen zou de NVSCA-registratie Schisis met haar waardevolle infor-

matie niet hebben bestaan en had dit onderzoek niet plaats kunnen vinden.

Graag wil ik ook mijn dankbaarheid uiten naar Eurocat Noord-Nederland en haar medewerkers, 

en in het bijzonder dr. H.E.K. de Walle en dr. M.K. Bakker. Hermien, de samenwerking met jou was 

een waar feest. Jouw enthousiasme, kennis, inzicht en betrokkenheid was een enorme motiva-

tie en inspiratie. Ik heb ontzettend veel van je geleerd en genoten van ons foliumzuurproject. 

Ondanks de enorme hoeveelheid werk die we verricht hadden en de uitdagingen die op ons 

pad kwamen, vond ik het oprecht jammer dat het project ten einde kwam. Tussen de serieuze 

werkzaamheden door was er altijd ruimte voor humor, waardoor onze meetings in Groningen 

of per telefoon altijd super gezellig waren. Bedankt daarvoor! 

Marian, veel dank voor je bijdrage aan het prevalentie- en foliumzuuronderzoek en je waar-

devolle altijd vlotte commentaar. 

Dr. A.J. van Essen en Dr. G.J. te Meerman, beste Ton en Gerard, veel dank voor jullie adviezen en 

prettige samenwerking tijdens het foliumzuurproject.

Tevens wil ik de Stichting Perinatale Registratie Nederland bedanken voor het beschikbaar stellen 

van gegevens van de Landelijke Verloskunde en Neonatologie Registraties, en Dr. S. Anthony en 
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Dr. A.D. Mohangoo, die in die tijd werkzaam waren bij TNO Kwaliteit van Leven, danken voor het 

analyseren van deze data en hun bijdrage aan de daaruit voortgekomen artikelen.

	  

Dr. E. de Vries, beste Esther, graag wil ik jou bedanken voor je waardevolle kennis, analyses en 

adviezen op epidemiologisch gebied. 

Dr. M-J.H. van den Boogaard, beste Marie-José, zoals je al schreef in jouw prachtige proefschrift, 

wat was ons gezamenlijk systematic review een enorme klus. Bedankt voor al je inspanningen, 

de literatuur search, je secure revisies en de leuke samenwerking, ook bij het ontwikkelen van 

de prenatale classificatie.

Dr. E. Pajkrt, beste Eva, veel dank voor je mooie afbeeldingen en waardevolle input met betrek-

king tot de prenatale schisis artikelen. Ook wil ik graag Dr. A.B. Mink van der Molen danken voor 

het kritisch beoordelen van deze artikelen.

De overige co-auteurs die mee hebben gewerkt aan de artikelen in dit proefschrift wil ik tevens 

graag bedanken voor hun bijdrage. 

Mw. C. Oostdijk, beste Carin, super bedankt voor je strakke organisatie en hulp! Dat was echt 

onmisbaar tijdens zo’n laatste promotiefase.

Oud-collega’s van de afdeling Orthodontie, bij jullie heb ik tijdens de laatste periode van mijn 

onderzoek vaak gewerkt, en ik wil jullie dan ook bedanken voor alle interesse, steun en gezel-

ligheid. Dames, die etentjes houden we er zeker in!

Daarnaast is tevens een bedankje aan mijn collega’s van de afdelingen dermatologie van het 

Erasmus MC en Amphia Ziekenhuis op zijn plek. Mijn (plaatsvervangend) opleiders Dr. H.B. Thio, 

Mr. dr. E.R.M. de Haas, Dr. A. Erceg en overige stafartsen en leden van de maatschap wil ik graag 

hartelijke bedanken voor hun interesse, steun en ruimte die ik heb gehad voor het afronden 

van dit proefschrift. Ook wil ik heel graag mijn collega arts-assistenten, waarvan sommigen (ex)

promovendi zijn, super bedanken voor hun begrip, interesse, steun, en tips, maar vooral voor 

hun relativerende opmerkingen en gezelligheid! Dat was een welkome afwisseling en afleiding 

in het monomane bestaan! 

Lieve vrienden, ook jullie wil ik super bedanken! Niet voor de bijdrage aan dit boekje, maar voor 

jullie vriendschap waardoor het leven zo leuk is als dat het is! Bedankt voor jullie “pep talks”, 

humor, afleiding en begrip dat ik – vooral de laatste tijd – niet altijd overal bij heb kunnen zijn. 

Ondanks dat het niet iedereen evenveel zegt, waren jullie altijd geïnteresseerd in dit eindeloze 

project. Vanaf nu heb ik weer tijd! Jullie zullen nog moe van me gaan worden…
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Mijn paranimfen en dierbare vriendinnen, Marjolein de Kraker en Simone Cremers. Lieve Mar 

en Siem, wat ben ik blij en trots dat jullie letterlijk en figuurlijk achter mij (zullen) staan op 

deze spannende dag. Jullie zijn twee fantastische, lieve, warme meiden (zo oud zijn we immers 

nog nie) voor wie ik heel veel respect heb. We hebben veel met elkaar gemeen, en dan heb ik 

het natuurlijk niet alleen over onze allesoverheersende gekmakende oorbellenpassie.. Bedankt 

voor jullie vriendschap!!

Dan mijn lieve schoonfamilie, bedankt voor jullie steun en begrip in deze drukke tijden. Prof. dr. 

P.J.P. Tak, lieve schoonvader, het samen sparren over de wetenschap en de aanpak hiervan was 

fantastisch! U staat altijd voor mij klaar, en dan heb ik het niet alleen over praktische zaken. De 

adviezen en de inzichten die u mij geeft helpen mij enorm. Wat bof ik met u als schoonvader! 

En dan mijn lieve schoonmoeder, ook met u heb ik het zo getroffen. Altijd beschikbaar om te 

helpen. Bedankt voor alle gezelligheid, begrip, interesse en steun in deze bizar drukke tijd!

Dan tenslotte mijn lieve familie. Lieve mam, door jou ben ik wie ik ben. Een beter voorbeeld had 

ik niet kunnen hebben, want als iemand een doorzetter en volhardend is… Het klinkt als een 

cliché, maar echt door jouw onvoorwaardelijke liefde heb ik dit punt bereikt. We gaan snel weer 

leuke dingen doen.

Lieve Joost en Sjoerd, ik weet dat ik mij wel eens anders heb uitgelaten, zo’n 10-20 jaar gele-

den, maar het hebben van 2 broers is helemaal het einde!! Met niemand kan ik zo hard lachen 

als met jullie. Misschien bestaat er toch zoiets als genetische humor. In tijden van drukte en 

stress geven jullie mij de broodnodige afleiding en ontspanning. 

En dan tenslotte Mark, mijn man en grote liefde. Voor jou schieten de woorden echt tekort. Ik 

kan hele epistels schrijven over hoe bijzonder je bent, en dan nog komt het niet in de buurt van 

wat ik voel. Dit traject was ook voor jou super heftig, en ook al wil je niet dat ik dit zeg, we heb-

ben het ECHT samen gedaan. Je steun, motivatie, inspiratie en uithoudingsvermogen waren 

fantastisch en je geweldige humor heeft mij er echt doorheen gesleept. Jij zorgde ervoor dat ik, 

tijdens die enorme klim, ook nog regelmatig van het uitzicht kon genieten. Daarbij heb ik vaak 

mogen profiteren van je ongekende filosofische kwaliteiten, met als speciaal aandachtsgebied 

de familie Elephantidae/orde Proboscidea. 

Lieve schat, het leven met jou is één groot kleurrijk feest! Wat een geluk dat jij mij bijna 8 jaar 

geleden, ondanks mijn nietsontziende snelheid, toch op die piste wist te vangen!
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