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Popular science summary of the thesis  
The face and jaws form during early pregnancy. A failure or disturbance of the 
fusion of the maxilla may lead to a cleft. Multiple factors may increase the risk of 

a cleft, and the etiology of clefts is not fully understood (Smarius et al., 2017). The 

cleft can have different extents and can involve both soft and hard tissue. 

Approximately one in 700 children are born with an alveolar cleft (a cleft that 
involves the bone in the anterior maxilla) (Mossey, Little, Munger, Dixon, & Shaw, 

2009). Children with alveolar clefts receive treatment throughout much of their 

childhood. The thesis focuses on the radiological examinations performed before 

and after the alveolar bone grafting procedure of the bone defect (the alveolar 
cleft) in the anterior maxilla. Surgery of the alveolar cleft is often performed when 

the child is between 8-12 years of age. The bone that is used to fill the alveolar 

cleft is bone taken from another part of the body, usually the hip bone. The 

reasons to fill the alveolar cleft are to stabilize the upper jaw, to make it possible 
for teeth to erupt into the cleft area, and to be able to achieve aligned teeth for 

both esthetic and functional results.  

The thesis is based on four studies focusing mainly on strategies to reduce the 

radiation dose in radiological examinations performed before and after bone 

grafting. The radiological examination before the surgery is performed to 
determine the ideal timing for the surgery and to get an idea of the size and 

shape of the cleft /bone defect in the upper jaw.  

The radiological examination after the bone graft investigates how much bone 

has healed into the defect and if there is enough bone for a tooth to grow into 
the area of the cleft, or if there is a need for regrafting. The radiological 

examinations can be performed with different radiological methods. 

Tomographic radiographs give a three-dimensional (3D) radiograph that makes 

it possible to look at the upper jaw from any desired angle. Cone-beam 
computed tomography are used in the projects of the theses.  

Paper I investigated whether there is possible to use CBCT with lower resolution 

and still get sufficient image quality to see anatomical structures that are 

important in planning and follow up of bone graft of the cleft. Two different 

protocols were compared, a protocol normally used for CBCT examinations, and 
a low-dose protocol. No significant differences were seen between the protocols 

regarding structure visibility. With the low-dose protocol, the dose is reduced by 

approximately 70%. The conclusion of the project is that low-dose CBCT 



 

 

examinations should be used to reduce the radiation dose to the children when 

examining alveolar clefts. 

Paper II assessed the amount of bone in bilateral alveolar clefts. To calculate the 

amount of bone in the cleft, the volume of the cleft was measured before the 

bone transplant surgery. After this, the residual volume of the cleft was 

measured in the CBCT taken after bone grafting. The change of volume was then 
calculated to determine percentage of bone fill of the cleft. In the bilateral 

alveolar clefts, one alveolar cleft was grafted at a time. No significant difference 

in bone fill was seen when comparing the first and second alveolar bone grafting. 

The cleft that was operated on last did not change in volume following surgery 
on the opposite side. The largest amount of bone fill after bone grafting was 

found in the dental part of the alveolar cleft. On average, the bone fill of the clefts 

was 40%.  

Paper III included CBCT examinations exposed before and after bone grafting. 

The study analyzed if it was possible to decrease the size of the CBCT 
examination and maintain the diagnostic information of value. Measurements 

were performed in the included CBCT examinations to evaluate the smallest 

cylindrical volume that includes the anatomical structures of interest. The 

measurements were performed according to two protocols, one extensive, 
which includes both upper canines and front teeth in combination with the cleft 

being fully depicted. The smaller protocol depicts the canine and central incisor 

adjacent to the cleft and the cleft itself fully depicted. A volume of 50 x 40 mm 

(width x height) is suggested to depict the anatomical structures in the larger 
protocol with a dose reduction of 41% compared to the original CBCT size. For 

the smaller protocol, a volume of 35 x 40 mm is suggested which results in a 

dose reduction of 56% compared to the original CBCT size.  

Paper IV investigated if dental anomalies are more visible in CBCT compared to 

panoramic (PAN) radiographs and intraoral (IO) radiographs. A total of 107 

patients with alveolar clefts were included. The included patients had been 
examined with both CBCT, PAN radiographs, and IO radiographs depicting the 

cleft area. The detection of dental anomalies (microdontia, supernumerary teeth, 

aplasia, atypical morphology, and displaced or impacted teeth) was performed 

in different types of radiographs independently. Most dental anomalies were 
found in the CBCT, followed by a combination of PAN radiographs and IO 

radiographs, and lastly PAN radiographs. Over 90% of the patients had one or 



 

 

more dental anomalies. No significant difference in number of registered dental 

anomalies was seen when comparing the different types of images. As no 

significant difference was found, PAN and IO radiographs are suggested to be 

used for detection of dental anomalies due to the lower radiation dose 

compared to CBCT.  

 

 

 

  



 

 

Abstract 
Children born with an alveolar cleft receive a higher radiation dose compared to 
other children at the same age. In addition, children are more sensitive to 

radiation in comparison to adults. The aim of this thesis was to investigate 
potential dose reduction strategies in radiological examinations of alveolar clefts 

and to evaluate the outcome of bone grafting of bilateral alveolar clefts.  

Paper I evaluated whether the radiation dose could be reduced by applying a 

low-dose protocol instead of the standard protocol. The study assessed the 

visibility of anatomical structures adjacent to the alveolar cleft with a blinded 

study setup. The result showed no significant difference between the low-dose 
protocol and the normal dose protocol. Using a low-dose protocol in cone-beam 

computed tomography (CBCT) examinations of alveolar clefts reduced the dose 

by approximately 70%.  

In paper II, the outcome of two-step bone grafting in bilateral alveolar clefts was 

evaluated by calculation of bone fill through comparison of preoperative and 
postoperative cleft volumes. After bone grafting, no significant difference was 

observed when comparing the first and second operated alveolar cleft. The 

mean bone fill was 40% in the whole cleft. The bone fill in the nasal part was 12% 

and 52% in the dental part of the alveolar cleft.  The cleft volume on the passive 
side did not change after bone grafting the cleft on the contralateral side.  

Paper III investigated possible dose reduction by decreasing the field of view 

(FOV) of the CBCT examination of unilateral alveolar clefts. The project assessed 

two FOV reduction protocols, one larger, which fully included the upper canines, 

incisors and the alveolar cleft. The smaller FOV reduction protocol fully included 
the central incisor and canine adjacent to the cleft, and the alveolar cleft. A FOV 

of 50 x 40 mm was suggested to depict the anatomical structures of the larger 

FOV reduction protocol with a 41% dose reduction. For the smaller dose 

reduction protocol, a FOV of 35 x 40 mm was suggested with a dose reduction 
of 56%.   

Paper IV assessed detection of dental anomalies between CBCT and two-
dimensional (2D) radiological examinations of the maxilla and the alveolar cleft. 

Dental anomalies were found among 92% of the children with an alveolar cleft. 

PAN radiographs, CBCT, and a combination of PAN + IO radiographs. To reduce 

the radiation dose, 2D radiological examinations are recommended for 



 

 

assessment of dental anomalies. The most found dental anomalies were 

hypodontia followed by atypical morphology, microdontia, displaced teeth, and 

supernumerary teeth. The lateral incisor adjacent to the cleft was the tooth most 

frequently registered as missing. 
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Introduction and literature review 

1.1 Embryology 

The development of the face and the craniofacial segment is a complex procedure 

(Dixon, Marazita, Beaty, & Murray, 2011). The face forms from the second branchial 

arch during the fourth week post-fertilization when the maxillary, mandibular, and 

frontonasal prominences surround the oral cavity (Som & Naidich, 2013). The 

mandibular processes grow medially to the midline and merge. Two patches of 

ectoderm of the frontal prominence proliferate and form the nasal placodes (an early 

stage of nose development). During week five, the mesodermal cells surrounding the 

placodes proliferate and form two horseshoe-shaped thickenings, these are an early 

stage of what is going to be the nose. During week 6, the mesoderm of the medial 

nasal processes fuses together and moves inferiorly. With the inferior movement of 

the nasal processes, the nasal pits are formed. Similarly, the laterally located maxillary 

processes start to proliferate medially. The maxillary processes are separated from 

the lateral nasal process at this stage. By the end of week six, the maxillary processes 

and the medial nasal processes fuse, forming the upper lip (Mossey et al., 2009). At 

approximately the same time, the two medial nasal processes come together and 

form the inter-maxillary segment. This will develop into the bridge of the nose and 

the medial part of the upper lip. The inter-maxillary segment also develops into the 

anteromedial part of the maxillary bone and the upper incisors. The lateral nasal 

processes develop into the lateral nasal wall.   

The palate is formed between weeks four and ten and arises from the maxillary and 

frontonasal prominences (Smarius et al., 2017). The incisive foramina mark the 

junction between the prominences and divides the palate into two parts: the primary 

and the secondary palate. The primary palate develops from the medial palatine 

process from the frontonasal prominence between weeks four and seven. The 

structures that develop during this period are the lip and palate (anterior of the 

incisive foramina). Disturbances in growth during this period may lead to division of 

the primary palate, leading to a unilateral or bilateral orofacial cleft, with or without 

lip involvement. During weeks seven to twelve, the two palatine shelves grow 

together at the medial part of the palate, creating the secondary palate. The hard 

palate posterior of the incisive foramina and the soft palate develop during this 

stage. The secondary palate creates a division between the nasal cavity and the oral 

cavity. Disturbances in the development of the palate between weeks 6-12 may lead 

to a cleft in the hard and/or soft palate (Bajaj, Wongworawat, & Punjabi, 2003). 

Disturbances in weeks four to seven results in a cleft in the lip and alveolus, and a 

disturbance during weeks seven to twelve results in a cleft in the palate. 
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1.2 Epidemiology 

Cleft lip and palate (CLP) are the most common craniofacial bone defects and 

constitute 65% of the congenital malformations in the craniofacial region (Smarius et 

al., 2017). It is the most common birth defect after malformation of the heart and 

urogenital tract (Kirby, 2017; Smarius et al., 2017). The prevalence of CLP in Sweden is 

2/1000 births, approximately 150-200 children are born per year, and is higher 

among boys (Hagberg, Larson, & Milerad, 1998). In Sweden, the prevalence is 

1.52/1000 to give birth to a child with cleft (Cornefjord et al., 2025). The prevalence 

of CLP differs geographically and is highest in Asian populations with a prevalence of 

1 in 500 and lowest in African populations with a prevalence of 1 in 2500 (Group, 

2011; Hlongwa, Levin, & Rispel, 2019). The incidence is also related to cleft type. Cleft 

lip (CL) with or without palate has a prevalence of 9.9 per 10 000, CL has a prevalence 

of 3.3 per 10 000, and CLP have a prevalence of 6.6 per 10 000 (Babai & Irving, 2023; 

Group, 2011). CLP can be classified in several ways: depending on the 

origin/extension of the cleft, if the cleft is unilateral or bilateral (Klintö et al., 2020), or 

if the cleft is present as a part of a syndrome or not. 

Cleft lip and palate can be divided depending on the origin: isolated cleft palate (CP) 

and CL without cleft palate. The most common cleft type is CP which is seen in 40% 

of the cases, followed by CLP (35%), and cleft lip and alveolus (25%) (Schölin, Rizell, 

Paganini, & Mark, 2023).  The clefts can be partial or complete; for example, if the 

cleft involves a part of the lip or extends through the whole lip up to the nasal floor. 

In the palate, the cleft can involve the whole palate or only extend in the soft palate. 

Clefts in the soft palate can be submucous without obvious clinical findings because 

of the intact oral mucosa in the area (Caterson, Tsai, Cauley, Dowdall, & Tracy, 2014).  

The cleft type is associated with gender, CL/P is more common among males and CP 

is more common among females (Mossey PA, 2002).  

Clefts can also be unilateral or bilateral; while unilateral clefts are more common 

(unilateral clefts are seen in 80% of the cases and bilateral in 20% of the cases) 

(Mossey & Modell, 2012). Unilateral cases occur more frequent on the left side than 

on the right side (Seifeldin, 2016). Patients with bilateral clefts have clefts on both 

sides of the anterior maxilla. A cleft that involves the alveolar process is called an 

alveolar cleft and is seen in approximately 75% of patients with cleft (Smarius et al., 

2017). A bilateral cleft that involves the palate and the alveolar process divides the 

maxilla into three parts. A central anterior part, which consists of the anterior maxilla 

hosting the central incisors and sometimes also the lateral incisors, is called the 

premaxilla. The lateral parts host the canines and posterior teeth on each side.  
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Of all cleft lip and/or palate, approximately 70% are non-syndromic, and for cases 

with CP, the number is 50% (Saleem, Zaib, Sun, & Fu, 2019; Stanier & Moore, 2004). 

The cleft type most commonly related to syndromes are CP (Leslie & Marazita, 2013). 

Clefts in the orofacial area are associated with over 270 syndromes (Leslie & 

Marazita, 2013).  The syndrome that is most associated with clefts are Van der 

Woude syndrome which is seen in approximately 2% of all CL ,with or without CP  

(Sudhakara Reddy et al., 2012). Children with orofacial cleft are more likely to receive 

a diagnosis of a psychiatric disorder, intellectual disability, language disorder or an 

autism spectrum disorder (Tillman et al., 2018).  

 

1.3 Etiology 

The etiology of CLP is largely unknown, and considered multifactorial, involving 
both genetic and environmental factors. Some cleft types are strongly 
associated with hereditary factors. It is suggested that the etiology is different 
between CL/P and CP (Ludwig et al., 2012). Heredity is seen among non-
syndromic CL/P (Marazita, Spence, & Melnick, 1984). The risk of CL among first-
degree relatives is 32 times higher than in families without CL in the family 
(Sivertsen et al., 2008). Gene mutations are associated with syndromic clefts: 
IRF6 for Van der Woude, TCOF1 for Treacher Collins, and SOX9 for Pierre Robin 
(Leslie & Marazita, 2013). 

In addition to genetic factors, several environmental factors increase the risk of 
giving birth to a child with a cleft. Maternal smoking during pregnancy increases 
the risk of giving birth to a child with cleft by as much as 20% (Little, Cardy, & 
Munger, 2004; Shi, Wehby, & Murray, 2008). Alcohol consumption during 
pregnancy may also increase the risk for cleft, although it is not as obvious as 
smoking (Munger et al., 1996). Alcohol consumption may also be confounded by 
other risk factors such as stress, nutrition, and smoking (Vyas et al., 2020).  
Nutrition during pregnancy may also be a factor that contributes, with maternal 
underweight during the first months of pregnancy as a risk factor (Wehby & 
Murray, 2010; M. Ács et al., 2024). The association between folic acid and risk for 
cleft is weak but seems present (Jayarajan, Natarajan, & Nagamuttu, 2019).   

Other health conditions of the mother also influence the risk of the child 
developing a cleft. Factors that increase the risk of cleft can be maternal 
infections during pregnancy, such as influenza or urinary tract infections (L. Ács 
et al., 2024). Pre-pregnancy maternal diabetes mellitus and maternal 
hypertension are also associated with an increased risk for cleft (Da Silva, De 
Lavôr, Freitas, & Vieira, 2024; Heydari et al., 2024).  A high body mass index (BMI) 
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of the mother increases the risk of giving birth to a child with cleft (Rasmussen, 
Chu, Kim, Schmid, & Lau, 2008). A high age of the parents is related to an 
increased risk of CL with and without palate, while the risk for CP is associated 
with a high paternal age (Bille et al., 2005). An increased incidence of orofacial 
clefts is associated with a lower socioeconomic status (Charoenvicha, 
Wongkawinwoot, Sirikul, Khwanngern, & Sirimaharaj, 2023). Some medications of 
the mother during the first part of the pregnancy are also associated with an 
increased risk for cleft, such as antiepileptic medication with valproic acid 
(Jackson, Bromley, Morrow, Irwin, & Clayton-Smith, 2016). There is also a 
suggestion that maternal medication with corticosteroids might increase the risk 
for cleft. However, the results are somewhat conflicting (Chi, Lee, Wojnarowska, & 
Kirtschig, 2009; Chi et al., 2015). 

 

1.4 Treatment 

The treatment of children with cleft is lengthy, beginning shortly after birth and 
continuing until early adulthood (Aronson Karsten). The treatment has several 

goals. The closure of the palate is essential as it creates a barrier between the 

oral and nasal cavities, which not only enhances the process of eating but also 

plays a crucial role in speech development (Naidu, Yao, Chong, & Magee, 2022). 
Additionally, the surgery of the palate aims to minimize growth disturbances in 

the area, and avoid velopharyngeal dysfunction (Applebaum, Aronson, Termanini, 

& Gosain, 2024). Hearing can also be affected as the children are prone to 

otosalpingitis and therefore grommets are usually inserted at the time of the first 
surgery. The closure or bone fill of the alveolar cleft is performed to stabilize and 

unify the maxilla, as well as to facilitate for the eruption of teeth into the cleft 

area (Eppley & Sadove, 2000).  

Another goal of alveolar cleft closure is to provide bone support for the nasal 

base, thereby improving nose symmetry (Seifeldin, 2016).  Children and adults 

with cleft seem to have lower mental health than children without cleft (Ruiz-
Guillén, González-Olmo, Castañeda-López, Romero-Maroto, & Peñacoba-Puente, 

2024). Although these results are somewhat conflicting (Hunt, Burden, Hepper, & 

Johnston, 2005; Stiernman, Klintö, Persson, & Becker, 2021), other studies have 

reported similar findings. Uneasiness with facial appearance among children with 
CLP has been reported, with women less satisfied than men (Marcusson, Paulin, 

& Ostrup, 2002; Peroz, Hakelius, Falk-Delgado, Phua, & Mani, 2024). Patients with 

retained natural teeth in the cleft area report higher oral health-related quality of 
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life than those with implants or dentures within the same region (Lemberger, 

Pegelow, Peterson, Larsson, & Karsten, 2025; Stelzle et al., 2017). 

 

1.4.1 Alveolar clefts and dental anomalies  

The alveolar cleft is the part of the cleft involving the alveolar process in the 

anterior maxilla up to the floor of the nasal cavity. Alveolar clefts are always 
accompanied by a cleft in the lip and/or palate and can have the following 

extent: lip and alveolar cleft, palate and alveolar cleft, or CLP that includes the 

alveolar process. The alveolar cleft is located in the area of the lateral incisor in 

the maxilla (the area where the fusion between the frontonasal process and the 
lateral maxillary process is located), and the cleft can be either unilateral or 

bilateral. The size and shape of the alveolar cleft/bone defect vary (Yu, Huang, & 

Li, 2022). Lateral incisors adjacent to the cleft can be located both medially and 

laterally to the cleft and are more often located distally to the cleft in complete 
unilateral and bilateral clefts (Halpern & Noble, 2010; Lourenço Ribeiro, Teixeira 

Das Neves, Costa, & Ribeiro Gomide, 2003; Pegelow, Alqadi, & Karsten, 2012). 

 

Approximately half of non-syndromic patients with an alveolar cleft have 
additional minor anomalies associated with the cleft, such as dental anomalies, 

velopharyngeal insufficiency, or bifid uvula (Fonseca-Souza, de Oliveira, 

Wambier, Scariot, & Feltrin-Souza, 2022; Mossey & Modell, 2012). Other 

anomalies in this patient group are nasal septum deviation and an 
absent/invisible incisive foramen (Van Dyck, Cadenas de Llano-Pérula, Willems, & 

Verdonck, 2019; Vicente, Wiedel, et al., 2024). The distribution of additional 

defects differs between cleft types. Children with CLP have another defect in 

17% of the cases, while CL have an additional defect in 9% of the cases (Harville, 
Wilcox, Lie, Vindenes, & Abyholm, 2005).  It is unclear if gender has an influence 

on the amount of tooth eruption delay (Almotairy & Pegelow, 2018; Kobayashi, 

Gomide, & Carrara, 2010). 

Dental anomalies are common in both the primary and the permanent dentition 

among children with a cleft (Yow, Hermann, Wei, Karsten, & Kreiborg, 2021). The 
presence of dental anomalies can affect treatment planning and the timing of 

the treatment.  Approximately 65% of children with a cleft have dental 

anomalies, compared to approximately 15% among children without a cleft 

(Fernandez, Pereira, Luiz, Vieira, & De Castro Costa, 2018; Rizell et al., 2020). 
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However, the number of dental anomalies differs among populations of different 

ethnicities. The most common dental anomalies in the permanent dentition 

among children with unilateral cleft are tooth agenesis (52%) followed by 

supernumerary teeth (15%) (Rizell et al., 2020). No difference in the prevalence of 

dental anomalies has been observed between CL, ULCLP, and BLCLP (Rullo et al., 
2015; Van Dyck et al., 2019). Agenesis is three times more prevalent in permanent 

dentition. Supernumerary lateral incisors are more common in the permanent 

dentition than in the primary dentition (Pegelow et al., 2012). The teeth most 

commonly missed are the cleft side lateral incisor, followed by the non-cleft side 
lateral incisor, and the upper premolars (Bartzela, Carels, Bronkhorst, & Kuijpers-

Jagtman, 2013).  The distribution of dental anomalies is roughly the same 

between males and females except for UCLP on the left side, whereas females 

seem to have agenesis more frequently (Papaefthymiou Dds, Agrafioti Dds, & 
Yilmaz Dds PhD, 2024). Maxillary hypodontia impairs the growth of the maxilla 

(Rizell et al., 2021; Sarnäs & Rune, 1983). A potential problem with agenesis in 

permanent dentition is the increased risk of orthognathic surgery (Sander et al., 

2022). 

Macrodontia and supernumerary teeth are also common findings among 
children with cleft and are most commonly found in lateral incisors and in the 

region adjacent to the cleft (Tan, Kuek, Wong, Ong, & Yow, 2018). Furthermore, 

enamel defects and atypical morphology are other common findings, with the 

lateral incisor on the cleft side being the most commonly involved tooth (Shen, 
Guo, & Li, 2019; Tannure et al., 2012). 

Children with a cleft have as a group delayed tooth development and eruption 

compared with other children at the same age (Van Dyck et al., 2019). A matched 

case-control study, matched by gender and age, compared children with and 

without a cleft and found an average delay of 4.4 months among the cleft group 
(Lai, King, & Wong, 2008). The tooth most commonly delayed is the lateral 

incisor and canine on the cleft side (de Carvalho Carrara, de Oliveira Lima, 

Carrara, & Gonzalez Vono, 2004). Some studies indicate that boys show a 

greater delay of eruption than girls, although this is somewhat unclear (Ranta, 
1982; X. Zhang, Zhang, Yang, Shen, & Chen, 2016).  The eruption of canines on the 

cleft side is often disrupted among children with a cleft, with a higher risk for 

impaction because of the more pronounced angulation (Kadi et al., 2023).  
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1.4.2 Multiprofessional treatment 

A multiprofessional team works together to care for the patients and overcome 

their challenges during childhood (Aronson Karsten, 2025). The multiprofessional 
team comprises specialists in different disciplines, such as plastic surgeons, 

orthodontists, speech and language pathologists, otolaryngologists, 

psychologists, radiologists, and pediatricians, among others (Frederick, Hogan, 

Seabolt, & Stocks, 2022; Vuletić et al., 2014). The treatment provided by the 
multiprofessional team starts shortly after birth and can continue until the 

beginning of the third decade.  The general aim of the treatment is to enable the 

child to breathe well, eat well, speak well, grow well, have good looks, and, most 

importantly, feel well. There are no international agreements regarding cleft 
treatment protocols, and the treatment protocols differ between cleft centers 

(Shaw et al., 2001).   

There are national guidelines in Sweden for the treatment and follow-up of 

children with a cleft. However, there are minor differences in treatment and 

follow-up between Swedish cleft centers (Stockholm, Göteborg, Malmö, Uppsala, 
Umeå, and Linköping). The cleft team and their psychologist support and inform 

the parents before the fetus if the cleft is diagnosed in the utero. After birth, the 

team instructs and supports the feeding of the child. The soft tissue in these 

areas is often molded before surgery to prepare the soft tissue of the lip and 
nose for the surgery.  Surgery of the lip, nose, and soft palate is usually 

performed when the child is approximately six months old. All children born with 

a cleft are registered in a national registry for cleft (www.lkg-registret.se). 

 

1.4.3 Surgical treatment 

1.4.3.1 Lip and nose surgery 

The surgical treatment of the CLP comprises three types of operations: surgery 
of the lip and nose, palatal repair, and bone grafting of the alveolar cleft. The 

general aim of the surgery is to restore symmetry, aid feeding and language 

development, and, at the same time, minimize impact on growth. The treatment 
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of the lip and nose consists of two parts, a pre-surgical part and the surgery 

itself. The pre-surgical treatment aims to adjust the soft tissue to a more 

symmetrical position, enabling a better aesthetic result of the surgery. In the 

pre-surgical stage, there are different techniques used: Taping of the cleft in the 

lip is used to make the cleft smaller and to reduce tension in the soft tissue 
before surgery for a better surgical outcome (Abd El-Ghafour et al., 2020).  Pre-

surgical molding of the nose gives a better aesthetical and functional result 

(Shivanna, Hiriyanna, Kumar, & Athreya, 2023). To shape the nose, a nose hook or 

naso-alveolar molding is used for contouring the nose and achieving symmetry 
before the surgery is performed (Abdiu, Ohannessian, & Berggren, 2009).  

Lip surgery can be performed using several different techniques. The main 

difference between these are in the shape and location of the incisions of the 

skin (Mohler, 1987; Randall, 1959). Simultaneous surgery of the lip and nose gives 
a good outcome (Bansal, Reddy, Chug, Markus, & Kuijpers-Jagtman, 2022). Lip 

and nose surgery is usually performed at the age of 3-6 months (Fisher, 2005; 

Tennison, 1952).  

 

1.4.3.2 Palatal repair 

The cleft affecting the palate can have different extents, from clefts that pervade 
the whole palate to occult/submucous clefts invisible to IO examination. Occult 

clefts have abnormal palate musculature covered with intact mucosa. Palatal 

surgery and closure of the palatal cleft can be performed with several different 
techniques and at different ages. Palatal closure is usually performed before the 

age of 18 months for satisfactory speech development (Cornefjord et al., 2023).  

The timing of the palatal closure is a balance. Early palatal closure improves 

speech, especially closing the soft palate, while late repair may facilitate facial 
growth, especially regarding the closure of the hard palate (Rautio et al., 2017). 

According to a European study of over 200 cleft teams, 194 protocols for 

primary surgical repair of unilateral CP were found (Shaw et al., 2001).  

Closure of the palatal cleft can be performed with a one-stage surgical 

procedure (the cleft in both the hard and soft palate is closed simultaneously) or 
a two-stage surgical procedure (closure of soft and hard palate are performed at 

different times). No difference in facial growth, speech, presence of fistulas, or 

other surgery complications was observed when comparing one-stage and two-

stage surgery in a systematic review (Cornefjord et al., 2023; Rautio et al., 2017). 
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A Swedish study obtained similar results with comparable speech outcomes 

between one-stage and two-stage surgery of the palate (Peterson et al., 2019). 

One-stage surgery is usually performed at the age of 6-18 months.  The 

argument for performing soft palate reconstruction early is to optimize speech 

development (Peterson-Falzone, 1996). There are several strategies for palatal 
closure; the von Langenbeck procedure was first described in 1859 and is still 

used.  Common side effects of palatal repair are shortening of the palate by 

scarring and contracture (Champion, 1957).  

 
Killner and Wardill proposed surgical procedures in 1937 to increase the palatal 

length (Wardill, 1937).  A development of the method was proposed by Veau in 

1975, with closure performed in two layers to reduce side effects. This method is 

still used today by some surgeons.  Another development of palatal surgery is 
the z-plasty by Furlow to create an overlapping muscular sling without relaxing 

incisions (Furlow, 1986). The minimal incision technique is another improvement 

with more preservation of the growth of the maxilla and can be performed with 

or without muscle reconstruction (Karsten, Larson, & Larson, 2003; Mendoza, 
Molina, Azzolini, & Ysunza Rivera, 1994).  

Two-stage procedures close the soft and hard palate at different times. The soft 

palate is often closed first, followed by the hard palate. The aim of this setup is 

to close the soft palate first to aid speech development and to postpone closure 

of the hard palate to not impair the growth.  

 

1.4.3.3 Velopharyngeal insufficiency 

 Velopharyngeal insufficiency refers to incomplete closure of the soft tissues 
(the velopharyngeal sphincter) between the oral and nasal cavity. The soft palate 

has an important role in closure and is controlled by five pairs of muscles: levator 

veli palatini, tensor palatini, palatoglossus, palatopharyngeus, and superior 
pharyngeal constrictor.  Velopharyngeal dysfunction leads to hypernasal speech, 

reduced speech loudness, and maladaptive speech sound development 

(Kummer, 2011).  A multidisciplinary team, often consisting of a speech and 

language pathologist, a phoniatric, and a radiologist, investigate speech function.  
Examination of speech and speech development is carried out after surgery of 

the palate, with follow-ups during pre-school age.  
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Patients with a cleft involving the palate have a higher prevalence of decreased 

hearing and abnormal middle ear status, which can affect speech development 

(Broen et al., 1996; Flynn, Lohmander, Moller, & Magnusson, 2013).  Shortening of 

the palate by scarring and contracture after clef palate surgery may lead to 

velopharyngeal dysfunction.  Velopharyngeal dysfunction is seen in about 25-
30% of patients having undergone CP repair (Hopper, Tse, Smartt, Swanson, & 

Kinter, 2014; Schaar Johansson, Becker, Eriksson, Stiernman, & Klintö, 2024; Sell et 

al., 2015). The risk of velopharyngeal insufficiency increases if the complete 

primary repair is performed after the age of 18 months (Schaar Johansson et al., 
2024).  

If velopharyngeal insufficiency is suspected, a videofluoroscopic examination is 

performed. This is a radiological examination that creates a dynamic film of the 

process. A barium contrast agent is used to distinguish the contours of the soft 
palate and the pharynx. If the soft palate is too short to create a good closure 

with the posterior pharynx wall, speech-improving surgery might be needed. The 

surgical interventions include palatal prolongation, posterior pharyngeal wall 

augmentation, and pharyngeal flap pharyngoplasty (Fisher & Sommerlad, 2011). A 
common finding among patients with a palatal cleft is sleep apnea, which is seen 

in 37-75% of the patients (MacLean, Fitzsimons, Fitzgerald, & Mbbs, 2017).  

There is an ongoing discussion about whether one or two-stage surgery of the 

palate, is more beneficial for development and speech. The argument for using 

two-stage surgery is to increase development with little impact on the growth, 
with the closure of the soft palate at the age of five to six months and the 

closure of the hard palate at the age of two years or more. According to several 

previous studies, two-stage surgery leads to more cases of velopharyngeal 

insufficiency (Bardach et al., 1984; Holland et al., 2007). However, according to a 
recently published systematic review, no difference in the rate of velopharyngeal 

insufficiency was seen when comparing one-stage and two-stage surgery 

(Cornefjord et al., 2023) 

 

1.4.4 Orthodontic treatment 

The baby has its first contact with the orthodontist of the cleft team only days 
after birth and has regular check-ups with the orthodontist up to the age of 19 

(Aronson Karsten). The first orthodontic treatment is often a palatal plate, which 

may include a nasal stent. The plate is used to keep the tongue out of the cleft 
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and to enable the maxillary segments to move together during palatal molding. 

The palatal plate's nasal stent helps support the soft tissue for an improved 

shape (Abdiu et al., 2009). 

 Before the bone graft of the alveolar cleft, orthodontic treatment may be 

required to create space or to upright a tooth to facilitate surgical access and to 

ensure that the teeth are in optimal positions. Among clefts involving the 
maxillary arch, inward displacement of the segments is often seen, which is most 

pronounced anteriorly and on the lateral segment on the cleft side. Expansion 

anterior or lateral can be performed with several types of orthodontic appliances 

and, if necessary, surgically. 

Orthodontic treatment is often also required after the bone grafting. Often, the 
incisor adjacent to the cleft is tipped. The orthodontic treatment aims to align 

the teeth in the maxilla, close the gap in the cleft region, and achieve good 

occlusion.  

According to the national guidelines for CLP, children with a cleft are followed up 
at ages five, ten, 16, and 19 (and sometimes also at eight). The follow-up 

examinations consist of models, photos, and radiological examinations at several 

of the ages mentioned above (Klintö et al., 2020).  

1.4.4.1 Dental arch relationships and orthognathic surgery 

Retrusion of the mandible and an even more pronounced retrusion of the maxilla 
are often seen among children with unilateral CLP (Küseler et al., 2020).  

Furthermore, minimal growth of the maxilla is seen among children with unilateral 

CLP between 5 and 10 years of age (Semb, 1991).  Lateral and anterior crossbite 
are often seen in the deciduous dentition among children with unilateral cleft 

(Bergland & Sidhu, 1974; Heliövaara et al., 2022; Heliövaara et al., 2017; Karsten et 

al., 2017).   

A decrease in sagittal development is seen among children with unilateral or 
bilateral CLP, in comparison to children without cleft (Alam et al., 2021). The 

timing of the surgery and surgical protocol (comparison between Veau-Wardill-

Kilner, Minimal Incision Technique and Minimal Incision Technique with muscle 

reconstruction) has no significant influence on the growth of the maxilla 
(Cornefjord et al., 2023; Friede, Lohmander, Hagberg, Elander, & Lilja, 2006; 

Parikakis, Larson, & Karsten, 2019; Parikakis, Larson, Larson, & Karsten, 2018; 

Peterson et al., 2019). 
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 In most cases, orthodontic treatment is enough to achieve a good jaw 

relationship and to align the teeth. Impaired growth of the maxilla due to 

previous surgery is seen among children with a cleft. Disturbed growth of the 

maxilla may lead to an unfavorable jaw relation with a prenormal bite. When the 

retrusion of the maxilla is too large to adjust with orthodontic appliances, 
orthognathic surgery might be needed. Approximately 2/3 of children with BCLP 

need orthognathic surgery (Heliövaara, Leikola, & Hukki, 2013).  Orthognathic 

surgery among children with unilateral CLP varies between 26% and 48% (Cohen, 

Corrigan, Wilmot, & Trotman, 1995; Daskalogiannakis & Mehta, 2009).   
 

A retrognathic maxilla can be repositioned with different types of surgical 

procedures, such as Le Fort I osteotomy. Surgical repositioning of the maxilla was 

first performed in 1869 (Depression and Replacement of the Superior Maxilla 
(Langenbeck's Operation), 1869). Movement of the maxilla can be performed by 

using Le fort 1 osteotomy or distraction osteogenesis. These have a similar 

relapse rate (Lundberg, Al-Taai, Levring Jäghagen, Ransjö, & Sjöström, 2024). 

 

1.5 Bone grafting of alveolar clefts  

The part of the cleft involving the maxillary dental arch and the nasal floor is 
often called the alveolar cleft. The treatment of the alveolar cleft is to fill the area 

with autologous bone. The bone graft aims to stabilize the maxilla, provide bone 

for the tooth laterally to the cleft to erupt down into, and increase the 

periodontal condition of the teeth adjacent to the cleft.  Furthermore, it 
improves nasal symmetry by providing alar base support, facilitates orthodontic 

alignment, and enhances pronunciation and osseointegration of implants 

(Seifeldin, 2016; Semb, 2012; Weissler, Paine, Ahmed, & Taub, 2016).  

The bone grafting can be performed at different ages.  
Primary alveolar bone grafting is performed in the primary dentition, whereas 

secondary alveolar bone grafting is performed in the mixed dentition. Primary 

bone grafting has been found to cause inhibition of maxillary growth (Friede & 

Johanson, 1974).  Some authors still describe good results after primary bone 
grafting (Rosenstein, Grasseschi, & Dado, 2003). However, secondary alveolar 

bone grafting is the most accepted method for treating alveolar clefts (Seifeldin, 

2016).  
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Secondary bone grafting is performed just before the eruption of the permanent 

tooth located lateral to the cleft for the best result (Bergland, Semb, & Abyholm, 

1986; Brattström & McWilliam, 1989; Enemark, Sindet-Pedersen, & Bundgaard, 

1987). The most commonly used technique for secondary alveolar bone grafting 

is described by Boyne and Sands 1972 (Boyne & Sands, 1972). This permanent 
tooth could either be a lateral incisor or a canine. Ideally, secondary alveolar 

bone grafting is performed before the lateral tooth erupts down into the cleft 

area (Bajaj et al., 2003). The eruption of the tooth into the bone graft helps 

prevent resorption of the bone graft.  

The autologous bone can be harvested from several different sites, such as the 
chin, calvarium, or iliac crest. The most common place to harvest the bone graft 

is from the iliac crest (Newlands, 2000). The bone graft is harvested during the 

surgery and is directly inserted into the cleft area. The alveolar cleft is exposed 

by raising mucoperiosteal flaps, so the alveolar defect and the nasal floor are 
exposed. Closure of nasal floor mucoperiosteum and the soft tissues located 

palatally and buccally of the cleft are performed by suturing. This space is then 

filled with the autologous bone graft before closing the soft tissue which faces 

the oral cavity for bone support of erupting teeth (Bergland et al., 1986). 

The bone graft should be wider than the thickness of the root that is supposed 
to erupt down into the cleft area and have a height enough to cover the entire 

length of this root. Therefore, the amount of bone that is considered to be 

enough differs depending on which tooth and the morphology of the tooth that 

erupts down and the planned treatment of the area.  

 

1.6 Radiological examinations of children with a cleft 

The radiological examination before alveolar bone grafting aims to assess the 

location of the adjacent permanent and to evaluate the shape and volume of the 
cleft. This examination can be performed with either IO radiographs, PAN or 

CBCT, or with a combination of the modalities. 

In the postoperative radiological follow-up, the main interest is the outcome of 

the bone graft, to evaluate how much bone has healed into the cleft area. The 

location and eruption of the lateral permanent tooth are also assessed in this 
follow-up. The postoperative examination should be performed when the bone 

graft has fully healed. There is no agreement on exactly when this is, but many 
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cleft centers perform the postoperative radiological follow-up between six 

months and one year after the bone graft (De Mulder, Cadenas de Llano-Pérula, 

Jacobs, Verdonck, & Willems, 2018). With a longer follow-up time, the graft starts 

to resorb (Matthias Feichtinger, Mossböck, & Kärcher, 2007). The eruption of the 

lateral tooth also affects the resorption rate of the bone graft. If the lateral tooth 
does not erupt into the cleft area, the resorption of the bone graft is more 

pronounced (Doucet et al., 2024; W. Zhang, Shen, Wang, Yu, & Fan, 2012).   

The outcome of the bone graft can be assessed in several ways. Generally, it is 

considered a good outcome if there is enough bone in the cleft area for the 

permanent lateral tooth to erupt into. However, whether it is considered a good 
outcome also depends on the planned treatment of the cleft area. If a sufficient 

marginal bone level is achieved in the cleft area, this increases the periodontal 

status for teeth in the cleft area (Lemberger, Peterson, Andlin Sobocki, Setayesh, 

& Karsten, 2024) A poor oral hygiene decreases the success rate of alveolar 
bone grafting (Lundberg, Levring Jäghagen, & Sjöström, 2021).  And the other 

factor that might influence the outcome of the bone graft are the width of the 

cleft (Mahardawi, Boonsiriseth, Pairuchvej, & Wongsirichat, 2020; Okhiria, Jabbari, 

Hakelius, Johansson, & Nowinski, 2022) However, these results are somewhat 
conflicting (Chetpakdeechit, Pisek, Pitiphat, & Rattanakanokchai, 2023; Jabbari, 

Reiser, Thor, Hakelius, & Nowinski, 2016). 

 

1.6.1 Risk of radiation and guidelines 

There is no consensus regarding which modality to use in the radiological 
examination of orofacial clefts. The DIMITRA project (dentomaxillofacial pediatric 

imaging: an investigation towards low-dose radiation induced risks) has 

published an indication-oriented position statement with recommendations of 

applications of CBCT in pediatric patients. This project concludes that CBCT is a 
good diagnostic tool for assessing clefts (Oenning et al., 2018). Additionally, 

Sedentex CT guidelines justify the use of CBCT for patients with orofacial clefts 

(European Comission. Radiation protection No. 172. Cone beam CT for dental and 

maxillofacial radiology). These guidelines conclude that the smallest FOV suited 
to the indication should be used to reduce the radiation dose. Furthermore, 3D 

imaging enables a higher predictability of the surgical procedure with reduced 

morbidity and surgical time (Choi et al., 2012). However, there are no more 

detailed guidelines on which resolution, field of view, etc., to use.  
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Previous studies have suggested examination protocols that are not directly 

applicable in a Swedish setting because of our dose reduction approach and the 

large FOVs suggested (De Mulder, Cadenas de Llano-Pérula, Willems, et al., 2018). 

In Sweden, keeping the radiation dose as low as possible for this patient group is 

of utmost importance. Therefore, the routine for radiological examination of 
orofacial clefts is partly different.  Until recently, these patients were assessed 

with 2D radiological examinations, but the use of CBCT for assessment of bone 

graft has increased.  

 
Central concepts in radiology are justification and optimization.  Justification of 

the radiological examination means that the benefit of the examination is greater 

than the potential risk. Optimization is, once the procedure is justified, to ensure 

that the radiation dose is kept as low as possible. There are two acronyms used 
in the optimization process, ALARA (as low as reasonably achievable) and ALADA 

(as low as diagnostically acceptable). The ALARA principle aims to minimize 

radiation exposures to the lowest possible. ALADA is a modification of ALARA 

and highlights that the diagnostic images don’t need to be “beautiful,” only 
sufficient to answer the clinical question. This concept emphasizes the 

importance of optimization rather than only minimizing the dose. Depending on 

the indication of the radiograph, the size of the FOV and the need for resolution 

differ. A complement of the acronym ALADA has been suggested by adding 
indication-oriented and patient-specific to the acronym: ALADAIP (As Low As 

Diagnostically Acceptable being Indication-oriented and Patient-specific) 

(Oenning, Jacobs, Salmon, & (http://www.dimitra.be), 2021). This concept takes 

optimization further by providing specific and balanced protocols tailored to the 
clinical question of each individual patient. 

 

Children are approximately three times more sensitive to radiation in 

comparison to adults (European Comission. Radiation protection No. 172. Cone 
beam CT for dental and maxillofacial radiology). Therefore, there is important to 

keep the radiation dose to children as low as possible.  Additionally, children with 

a cleft receive extensive treatment during childhood and are exposed to 3-5 

times more radiation from dental radiological examinations than other children at 
the same age (Jacobs et al., 2018). Cone-beam computed tomography provides 

more detailed information about the cleft than 2D radiological modalities and is a 

common modality for examining orofacial clefts.  The dose of different 

modalities varies considerably between different machines and protocols. 
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Therefore, a general comparison of the dose between the modalities is not 

possible. For the machine used in our projects (Planmeca ProMax 3D Mid), the 

effective dose for a small FOV (40x55mm) was 88 µSv, a PAN radiograph taken 

with the same machine had an effective dose of 17.1 µSv, and a digital IO 

radiograph had an effective dose of 0.6 µSv (Benchimol, Koivisto, Kadesjö, & Shi, 
2018; Kadesjö, Lynds, Nilsson, & Shi, 2018). As seen above, there is a significant 

difference in radiation dose between the modalities with the highest doses in 

CBCT. The dose of a large CBCT is equivalent to between 4-42 PAN radiographs 

(Ludlow, Davies-Ludlow, Brooks, & Howerton, 2006).  
 

The effective dose gives a thorough description of the dose with adjustment for 

the radiosensitivity of the irradiated organ. However, the effective dose might be 

complicated to calculate in clinical studies. For CBCT, the suggested European 
standard for dose measurements is DAP (dose area product), which is measured 

in the unit mGy cm2. The DAP value is easily measured, and the x-ray machine 

displays the value with the radiological examination. However, since DAP only 

considers the dose and the irradiated area, comparisons of DAP values between 
different parts of the body are inaccurate because of the varying radiation 

sensitivity among different organs.  For comparisons in the same area, the DAP 

value can be used to calculate the dose reduction between examinations. 

 

1.6.2 2D modalities for assessment of alveolar clefts 

Intraoral radiographs give a detailed image with a low radiation dose and are 
widely available. Many cleft teams often evaluate alveolar clefts using IO 

radiographs. Evaluation of the alveolar bone graft can be performed with various 

scales. One commonly used scale is the Bergland Index (Bergland et al., 1986). A 
limitation of IO radiographs is that only a 2D image of a 3D structure is obtained. 

Intraoral radiographs tend to underestimate the amount of bone in the cleft 

when compared to CBCT (Guo, Woodyard De Brito, Gosnell, Sun, & Wang, 2023; 

X. Yu, R. Guo, & W. Li, 2020).  
In addition, there is a relatively low agreement in the assessment of the outcome 

of the bone graft between IO radiographs and CBCT (Guo et al., 2023). In IO 

radiographs, the bucco-palatal thickness of the bone bridge is hard to assess. In 

over 40% of the cases where the outcome of the bone graft was assessed as 
successful in IO radiographs, the bone bridge was narrower than the roots of the 

adjacent teeth, as seen on CT (Iino et al., 2005). However, for postoperative 
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radiological examinations after bone grafting, when no bone bridge is seen in IO 

radiographs, an additional CBCT for evaluation is not needed (Wiedel, Svensson, 

Hellén-Halme, Ghaffari, & Becker, 2021). 

 

1.6.3 CBCT for assessment of alveolar clefts 

Because of the lack of 3D information with IO radiographs, the use of CBCT has 
increased for depicting alveolar clefts (Barbosa et al., 2016; Liu, Ma, Lin, Zhang, & 

Jia, 2016). The CBCT enables assessment of the cleft and adjacent structures 

without distortion and overlap (Suomalainen, Åberg, Rautio, & Hurmerinta, 2014).  

There are no standardized radiological protocols for radiological examinations of 
alveolar clefts in Sweden. 

 To reduce the radiation dose in CBCT, collimating the FOV to a smaller region 

can give a lower radiation dose with the necessary diagnostic information 

maintained (Jacobs et al., 2018). Another way of reducing the radiation dose 
might be to decrease the resolution by using larger voxels. Voxel size up to 0.4 

mm have been suggested to be used without loss of diagnostic information 

(Damstra, Fourie, Huddleston Slater, & Ren, 2010). Development of pediatric low 

dose protocols for CBCT has been performed in a preclinical setting (Ihlis, 
Kadesjö, Tsilingaridis, Benchimol, & Shi, 2021; Oenning et al., 2019). Low dose 

protocols have also been tested in a clinical setting. The low-dose protocol had 

an adequate image quality, but the observers had a reduced confidence level 

when assessing the low-dose images (Vicente, Cederhag, et al., 2024).  
 

The use of CBCT for evaluating alveolar bone grafts has led to the development 

of new indices.  One method is the Liu index which evaluates the buccolingual 

thickness of the bony bridge in the cleft, in comparison to the root thickness of 
adjacent teeth (Liu et al., 2016). Another index was developed by Suomalainen et 

al. (2014). This method takes more advantage of the 3D information in CBCT. 

Both the buccolingual thickness and the height of the bony bridge are assessed 

and subdivided into the thirds of the root: apical third, middle third, and coronal 
third (Suomalainen et al., 2014). A high reliability and validity between volumetric 

analysis and Suomalainen index was registered, but with low reliability compared 

to Liu index (Lemberger, Benchimol, Pegelow, Jacobs, & Karsten, 2024). The 3D 

information of the CBCT enables volumetric assessment of the cleft. With this 
method, the bone fill of the cleft can be evaluated volumetrically. A previous 

study compared the results of the 2D evaluation of the cleft in IO radiographs 
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with a 3D evaluation in CBCT six months after bone graft. This study concluded 

that CBCT is superior for assessment of clefts, although for clefts that are 

doubtlessly open in IO radiographs, no CBCT is needed for further evaluation 

(Wiedel et al., 2021). For volumetric measures of the cleft, the anatomical borders 

need to be set. The cleft lacks superior, inferior, buccal, and palatal boundaries. 
Therefore, these boundaries of the cleft need to be chosen and set by adjacent 

anatomical structures.  

 

There is little agreement in choice of anatomical borders when defining the 
alveolar cleft volume in previous studies (Shirota et al., 2010).  Furthermore, there 

is no consensus on how long after the bone graft the evaluation of bone fill 

should be performed. Although, volumetric assessment of clefts are considered 

more precise than 2D evaluation (De Mulder, Cadenas de Llano-Pérula, Jacobs, 
et al., 2018).  This systematic review concludes that although 3D evaluation 

seems precise, a cautious approach is valuable when comparing different 

techniques for 3D measures. Additionally, a literature review concludes that 

volumetric analysis of clefts has high efficacy and efficiency, and is safe to use 
for assessment of clefts (Blessmann Weber, de Macedo Menezes, Azeredo, & 

Lessa Filho, 2017).  

Most research in volumetric assessment of clefts has been performed on 

unilateral clefts. A possible explanation might be the higher prevalence of 
unilateral clefts and that the anatomy can be associated with the non-cleft side. 

For unilateral clefts, a validated method for 3D assessment was developed 

(Shaheen et al., 2022). A study compared the bone fill between unilateral and 

bilateral clefts and found no significant difference in preoperative bone fill 
(Oberoi, Chigurupati, Gill, Hoffman, & Vargervik, 2009). However, other studies 

have found a lower rate of bone fill after bone grafting in bilateral clefts (Van der 

Meij et al., 2001). The outcome of the bone graft can be assessed with different 

modalities. Several studies have assessed the outcome of the bone graft. 
According to a study assessing the outcome of the bone graft with IO 

radiographs and Bergland index, the success rate (Bergland score 1 &2) was 91% 

(Lundberg et al., 2021). 
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2 Research aim 
 

2.1 General aim 

The overall aim was to better understand resorption patterns after bone grafting 

and strategies to decrease the radiation dose for children born with alveolar 
cleft. Furthermore, assessment of dose reduction strategies was performed in 

CBCT examinations by reduction of the irradiated area or by decreasing the 

resolution which indirectly reduces the radiation dose. In addition, a secondary 

aim was to investigate if the visibility of dental anomalies is comparable in PAN 
and IO radiographs compared to CBCT. 

 

2.2 Specific aims 

The specific aim for the first study was to compare visibility in anatomical 
structures in the cleft area between a standard dose CBCT protocol and a low-

dose CBCT protocol among children with an alveolar cleft. 

Evaluation of possible reduction of the FOV of CBCT examinations preoperative 

and postoperative bone grafting, compared to the existing protocol. A 

secondary aim was to assess how many incidental findings and dental anomalies 
are missing with a reduced field of view. 

Investigation of the amount of bone fill after two-stage bone grafting of bilateral 
alveolar clefts with or without palatal cleft involvement. Secondary aims were to 

investigate whether the order of surgery had an influence on the bone fill and if 

the volume of the cleft grafted last changed after bone grafting on the 

contralateral side.  

To investigate if the visibility of dental anomalies is comparable between 2D 
modalities (such as PAN and IO radiographs) compared to CBCT. This was 

performed to determine whether CBCT is necessary to detect the anomalies, or 

if 2D radiological examinations provide sufficient information with a reduced 

radiation dose. 
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3 Materials and methods 
 

3.1 Subjects 

All patients were treated at the Stockholm Craniofacial Team and referred to the 

Clinic of Maxillofacial radiology at Karolinska Institutet for radiological 
examination. All the included patients received radiological examination with 

CBCT using a Planmeca ProMax 3D Mid. All CBCT examinations had a FOV of 80 

x 50 mm depicting the maxilla and the alveolar cleft. The examinations were 

performed with a tube voltage of 90kV and a tube current varying between 4.5-
8 mA, and an exposure time of 4-12 s, depending on the protocol used. The 

CBCT examinations were performed before the bone graft for preoperative 

planning and to determine the timing of the surgery, and after alveolar bone 

grafting for evaluation of the bone graft. 

 

 

Figure 1 Flowchart of included patients in study I. Half of the patients were examined with 

standard dose (SD) protocol, and the other half with low-dose (LD) protocol. 

 

3.1.1 Study I 

In this prospective study, patients with an alveolar cleft was included. Patients 

with alveolar clefts who were referred for CBCT and were examined between May 31st, 

2016, and May 18th, 2017, were invited to participate in the study. In total 72 patients 

with ages between 6 and 22 years (47 boys and 25 girls), with a mean age of 9.6 
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years, were recruited.  Of these patients, 57 had a unilateral cleft, and 15 had a 

bilateral cleft. The patients were examined with CBCT, either a standard protocol 

used at the time (SD) protocol, or CBCT examination performed with a LD 

protocol (Figure 1). All CBCT examinations had a FOV of 80x50mm depicting the 

maxilla. The group examined with standard dose protocol consisted of 13 girls 
and 23 boys. The patients examined with the LD protocol were 24 boys and 12 

girls. In the SD group, 78% had unilateral clefts and 22 bilateral clefts. For the low 

dose group, 81% had unilateral clefts and 19% bilateral clefts. Patients and their 

parents gave written consent before participation in the study. 

 

 

Figure 2 Flowchart of included and excluded patients in study II. 

 

3.1.2 Study II 

This retrospective study includes 20 patients with bilateral alveolar cleft 

(Figure 2). The patients were examined with CBCT before and after a two-stage 
alveolar bone graft. For inclusion, thorough preoperative and postoperative 

information of both clefts was required, with three CBCT examinations each: the 

first preoperative for the first cleft, the second both postoperative for the first 

cleft and preoperative for the second cleft, and the third postoperative for the 
second cleft. The CBCT examinations were performed at the Clinic of 

Maxillofacial Radiology at the Department of Dental Medicine at Karolinska 
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Institutet between 2016 and 2021. The patients included were eight girls and 12 

boys. The girls had a mean age of 8.9 years at the time of the first CBCT, while 

the mean age of the boys was 8.7 years. The mean time between the first and 

second CBCT was 12.5 months, and 13.9 months between the second and third 

CBCT. For inclusion, the CBCT scan should fully depict the cleft area, nasal floor, 
adjacent teeth, spina nasalis anterior and complete depiction of both canines.  

 

Figure 3 Flowchart of included and excluded patients in study III. 

 

3.1.3 Study III 

In this retrospective study, CBCT examinations of 110 patients with unilateral 

alveolar cleft were included (Figure 3). After assessing the CBCT examinations, 

three patients were excluded due to movement during imaging. After exclusion, 
a total of 107 patients (37 girls and 69 boys) were included. The included 

patients had 97 preoperative and 73 postoperative CBCT examinations taken at 

the Clinic of Maxillofacial Radiology at Karolinska Institutet between 2016 and 

2021. The mean age at the preoperative CBCT examinations was 9.3 years (9.5 
for boys and 9.1 for girls). For patients with two CBCT examinations, the mean 

time between the preoperative and postoperative CBCT was 12 months. 
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Figure 4 Flowchart over included and excluded patients in study IV. 

 

3.1.4 Study IV 

In this retrospective study, 143 patients were primarily included. All patients were 

treated at Stockholm Craniofacial Team at the Karolinska University Hospital and 
were referred to the Clinic of Maxillofacial Radiology at Karolinska Institutet. The 

criteria for inclusion were that they had an alveolar cleft, and CBCT examination 

exposed preoperative or postoperative bone grafting of the alveolar cleft. In 

addition, they had to be examined with a 2D radiological examination containing 
PAN radiograph and IO radiographs exposed within two years from the CBCT. 

Radiographs with artifacts caused by severe movements during exposure were 

excluded.  After application of inclusion and exclusion criteria, a total of 107 

patients were included in the study (Figure 4).   

 

3.2 Evaluation of structure visibility 

The CBCT examinations were performed with SD protocol and LD protocol with a 
ProMax 3D Mid. All CBCT examinations had a FOV of 80 x 50 mm and a tube 

voltage of 90 kV.  The mA varied between 4.5 and 6.3 with an exposure time of 

4-12 s (table 1). The voxel size for both protocols was 0.2 mm. Structure visibility 

was assessed by two radiologists evaluating anatomical structures of interest 
adjacent to the cleft. The assessed anatomical structures were the cortical 
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border adjacent to the cleft, trabecular bone, anatomy of teeth adjacent to the 

cleft, root development, visibility of the periodontal space, and the width of the 

cleft (Figure 5).  The study was double-blinded, neither the patients nor the 

observers knew which protocol that was used. The visibility of the anatomical 

structures was evaluated according to a three-grade scale (1: unacceptable, 2: 
acceptable, 3: excellent). For cases when the observers differed in their rating, 

the mean value of the ratings was used. If there were severe motion artifacts 

which resulted in image quality being too poor to be able to assess the 

anatomical structure of interest, the CBCT were excluded.  

 

 

 

 

Figure 5 Anatomical structures of interest adjacent to the cleft in CBCT-scans, with standard 

(left) and LD protocol (right) (A=cortical bone, B=trabecular bone, C=tooth anatomy, D=root 

development, E=periodontal space, and F=cleft dimension). 
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Table 1 Exposure parameters standard dose (SD) and low-dose (LD) protocols. There are two 

types of settings for each protocol depending on the patient size with different dose-area 

products (DAP). 

 

Program FOV 
(mm) 

kV mA Voxel 
size 

(mm2) 

Exposure 
time 
(s) 

DAP 
(mGy cm2) 

Number 
of 

patients 
Standard 80 x 50 90 6.3 0.2 12 482 4 

Standard 80 x 50 90 8 0.2 12 612 32 

LD 80 x 50 90 4.5 0.2 4 114 8 

LD 80 x 50 90 5.6 0.2 4 141 28 

 

 

3.3 Volumetric assessment of the cleft 

The bilateral cleft was operated with two-stage bone grafts, meaning that one 
alveolar cleft was operated at a time.  Before the first bone graft, a CBCT was 

performed. The cleft with the lateral permanent tooth closest to the cleft was 

operated first. A CBCT was performed approximately one year postoperatively. 

This CBCT examination was used as a postoperative radiological examination for 
the first operated cleft, and as a preoperative radiological examination for the 

second operated cleft. The third CBCT examination was performed 

approximately one year after the second one and was used as a postoperative 

radiological examination of the cleft operated last. The outcome of the bone 
graft was assessed by calculating the preoperative and postoperative alveolar 

cleft volume. The volumetric measurements were performed in ITK-SNAP 

(version 3.8.0). The segmentation was performed in the axial view with 

segmentation carried out every millimeter. The following boundaries of the cleft 
were used:  
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• The superior boundary of the cleft was defined as one mm inferior of 

spina nasalis anterior.  

• The inferior boundary was the cementoenamel junction of the adjacent 
central incisor. 

• The lateral bondary was defined by a straight line between the buccal 
aspect of the anterior and posterior alveolar bone segment. 

• The medial boundary was defined by a straight line between the palatal 
aspect of the posterior segment and tehe posterior part of the incisive 

foramina.’ 

 
 

 

 

Figure 6 Manual segmentation of the cleft area was performed every millimeter in the axial view 
using ITK-SNAP (upper images). Control of the accuracy of the segmented cleft volumes after 
interpolation of the nasal and dental volumes (lower images). The blue and yellow areas are the 
nasal part of the cleft, while the red and green are the dental part. 

 

Segmentation of the alveolar cleft was performed using the polygon mode. The 
segmentations were then interpolated to one volume with the volume and 

statistics tool. The segmentation/cleft volume was divided into an inferior/dental 

part (between the inferior boundary and the level of the apex of the adjacent 
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central incisor), and a superior/nasal part (above the level of the adjacent central 

incisor to the superior boundary of the cleft). The alveolar cleft volume was 

segmented using ITK-SNAP and the polygon mode and manually marked the 

border of the cleft in the axial view. After doing this between the inferior and 

superior boundaries, the segmentations were interpolated into a volume. The 
accuracy of the segmentation compared to the cleft area was controlled 

afterwards and manually adjusted if needed (Figure 6). The bone fill, the 

percentage of the cleft that is filled with bone, was calculated by the 

postoperative volume divided by the preoperative volume and this value was 
then subtracted from one. 

 

 

Figure 7 Measurement of the smallest possible diameter for the two dose reduction protocols in 
the original CBCT (A&B) and measurement of the reduction of the height (C).  

 

3.4 Assessment of FOV reduction 

All retrospectively included CBCT images had a FOV of 80 x 50 mm depicting 
the maxilla, with a voxel size of 200 μm.  All CBCT examinations were performed 

with a Planmeca ProMax 3D MID (Planmeca Oy, Helsinki, Finland). All CBCT 

examinations were exposed with 90 kV tube voltage and 4.5-8 mA tube current, 
with an exposure time of 4-12 s depending on the used protocol.  Measurements 

of two protocols of FOV reduction were performed to assess if it was possible to 

reduce the FOV with maintained diagnostic information (Figure 7).  The smaller 

protocol for FOV reduction (A) included the alveolar cleft area between the 
marginal bone level up to the nasal floor (at the level of the contralateral side), 

the central incisor and canine adjacent to the cleft area fully depicted. The larger 

FOV reduction (B) included the alveolar cleft area between the marginal bone 
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level up to the nasal floor (at the level of the contralateral side), both upper 

canines, both upper central incisors, and the nasal floor.  

 

3.5 Comparison of visibility of dental anomalies in CBCT and 2D 
modalities 

The visibility of dental anomalies was compared between the different types of 

radiographs. For inclusion, all patients needed to have a CBCT examination 
performed before or after bone graft depicting the maxilla. In addition, the 

patient needed to be examined with a 2D radiographic examination containing 

PAN and IO radiographs depicting the cleft area. The time span between the 

CBCT and the 2D radiographic examinations had to be less than two years. The 
radiographs were assessed in the following order: PAN radiographs, a 

combination of PAN radiographs and IO radiographs, and CBCT. This order was 

used to eliminate the risk of identifying the patient in the CBCT before assessing 

the 2D radiographs. All radiographs in this project were analyzed using Weasis 
DICOM Viewer (Nicolas Roduit, https://github.com/nroduit/Weasis). 

• Panoramic radiograph 

• Panoramic radiograph and intraoral radiographs 

• CBCT 

The following dental anomalies were registered: microdontia, supernumerary 

teeth, atypical morphology, aplasia, displaced or retained teeth. Microdontia was 

registered if the width of the crown was more than 1mm smaller than the 
contralateral. A tooth was defined as displaced if the tooth had an angulation of 

more than 45 degrees compared to the expected direction of eruption or 

expected position, or if the tooth was rotated ≥ 90 degrees. A tooth could not be 

registered with both microdontia and atypical morphology, the tooth was 
registered with the most pronounced finding. The dental anomalies were 

assessed independently in each protocol. If the patient had more than one 

CBCT, the preoperative CBCT taken before bone graft was used.  The 2D 

examination exposed closest to the exposure date of the CBCT was primarily 
used. The findings were registered independently by two observers. If the 

diagnosis differed, the observers reviewed the anomalies together and reached a 

consensus.  All images were assessed using an Eizo RadiForce MX242W screen.  



 

30 

 

3.6 Statistical analysis 

For statistical analysis, IBM SPSS statistics for windows, version 27, 28, and 30 

(Armonk, NY) were used.  In study I, randomization of the patient allocation in LD 
and SD groups were performed using Microsoft Excel (Microsoft Corp., Seattle, 

WA).  For calculation of patient group size, power analysis was performed using 

an alpha value of 0.05 and a beta value of 0.2. The calculated variation was 20%, 

which required groups of 34 participants. The level of statistical significance was 
0.05. For calculation of differences in image quality between the LD and SD 

group, Mann-Whitney U test was used. For assessment of inter- and intra-

observer agreement, Cohens weighted kappa was used.   

For study II, paired t-test was used for comparisons of cleft volume.  Because of 

multiple comparisons, Bonferroni correction was applied, with a value of 

statistically significant differences for p-values below 0.01. Normal distribution 
was controlled by using a Q-plot. One-way analysis of variance (ANOVA) test 

was used to detect statistically significant differences between the different 

areas within the cleft volumes. Before this analysis, the data was log-

transformed.  Inter-observer and intra-observer reliability was calculated using 
Intra-class correlation coefficient (ICC).  

In study III normal distribution was controlled by using a QQ-plot. The 95th 

percentile was used for presentation of the width and height of the FOVs.  The 

95th percentile was used to find the maximal value but at the same time 

eliminate outliers. For differences between widths and heights between the 
protocols, a paired t-test was used.  

In study IV, intraclass correlation coefficient was applied to calculate inter-

observer reliability. For comparison of the number of incidental findings between 

the groups (PAN, PAN+IO, and CBCT), Friedman´s test was used to detect 

statistically significant differences. 

 

 

 



 

31 

3.7 Ethical considerations 

The studies included in the thesis were performed in accordance with ethical 
guidelines to guarantee the safety and rights of the participants.  The projects 

were conducted according to the Helsinki Declaration. The first study was 
approved by the Regional Ethics committee in Stockholm Dnr 2016/422-31. 

Participation was voluntary. The participants and their parents or legal guardians 

gave written consent before enrollment. The information about the study was 

available in different versions appropriate to the participants age and level of 
understanding. The participants were informed that it was possible to withdraw 

from the study at any point, without explanation. The project involved 

radiological examinations and exposure to ionizing radiation.  The participants 

did not receive any additional dose compared to the planned CBCT examination 
with the clinically used SD protocol. The project compared the SD protocol with 

a LD protocol, specifically to reduce the radiation dose. Therefore, none of the 

participants received a higher radiation dose than from the normally used SD 

protocol. Study II and III were approved by the Swedish Ethical Review Authority 
Dnr 2021-04521. Study IV was approved by Swedish Ethical Review Authority 

Dnr. 2024-08080-02. All studies except for the first study were performed 

retrospectively.  Because of the retrospective design of study II, III and IV, no 

consent from the included patients was collected. The enrolled patients in the 
retrospective projects did not benefit from the results of the projects. However, 

with this improved knowledge, the whole patient group might benefit from 

reduced radiation doses in future CBCT examinations of the alveolar cleft and 

the maxilla.  

To maintain the confidentiality of the patients, the data was pseudonymized with 

the code key which was stored separately. Access to the data was strictly 
restricted to co-workers in the projects. The findings in the projects were 

aggregated to prevent identification of individual participants in the published 

material.  
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4 Results 
 

4.1 Structure visibility in CBCT 

A total of 66 CBCT examinations were included and assessed. Half of the 
examinations were performed using low-dose (LD) protocol (n=33) and the other 

half was performed using the SD protocol (n=33), the clinical standard protocol 

used for these examinations. The structure visibility was assessed according to a 

three-graded scale: 1 = unacceptable, 2 = acceptable, 3 = excellent. For cases 
where the observers rated differently, the mean value of their ratings was 

registered. For the SD protocol, the median structure visibility was for cortical 

border 3, trabecular bone 2.5, tooth anatomy 3, root development 3, periodontal 

space 2.5, and cleft width 3 (Figure 8). For the LD protocol, the median rating of 
the structure visibility was for cortical border 3, trabecular bone 2.5, tooth 

anatomy 3, root development 3, periodontal space 3, and cleft width 3. To detect 

statistical significance in structure visibility, a Mann-Whitney U test was 

performed. No significant differences between the SD protocol and LD protocol 
were observed (cortical bone p=0.77, trabecular bone p=0.63, tooth anatomy 

p=1, root development p=0.8, periodontal space p=0.86, and cleft width p= 0.69) 

(table 2). No significant difference in structure visibility was observed between 

unilateral and bilateral clefts, between boys and girls, and between preoperative 
and postoperative CBCT examinations. Inter-observer agreement in the LD 

group was 0.56, and 0.58 for the SD group. The inter-observer agreement for all 

cases was 0.62 for cortical bone, 0.62 for trabecular bone, 0.88 for tooth 

anatomy, 0.68 for root development, and 0.84 for cleft width. Intra-observer 
agreement for all cases with repeated measures was 0.68 and 0.71 for the two 

observers.  
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Table 2 Comparison of p-values for the visibility of anatomical structures using two-tailed Mann-
Whitney U test between standard dose (SD), low-dose (LD), and comparison between the lowest 
and highest dose-area products (DAP). 

 

 SD-LD 
Protocol 

 

Highest 
DAP–

Lowest 
DAP 

 

Before  
Bone 

Graft- 
After 

Bone Graft 

 

Unilateral– 
Bilateral 

Male-
Female 

Cortical bone 0.07 0.77 0.83 0.88 0.29 

Trabecular 
bone 

0.65 0.63 0.67 0.98 0.53 

Tooth 
anatomy 

0.09 1 0.63 0.67 0.48 

Root 
development 

0.57 0.80 0.96 0.63 0.64 

Periodontal 
space 

0.38 0.86 0.71 0.95 0.62 

Cleft 
dimension 

0.44 0.69 0.87 0.45 0.81 

 

 

 

Figure 8 Comparison of structure visibility (3= excellent, 2=acceptable, 1= unacceptable) between 

standard dose protocol (blue) and low-dose protocol (red). Number of CBCT examinations/ 

patients on the x-axis. 
A= cortical bone, B= trabecular bone, C= tooth anatomy, D= root development, E= periodontal 

space, F=cleft dimension. 
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4.2 Bone fill  

The bone fill of bilateral alveolar clefts were compared between preoperative a 
postoperative CBCT examinations. In total, 20 patients (12 boys and 8 girls) with 

three CBCT examinations each were included: the first preoperative before the 

first bone graft, the second: postoperative of the first bone graft and 

preoperative of the second bone graft, the third: postoperative of the second 
bone graft. The mean age at the first CBCT examination was 8.7 years for boys 

and 8.9 years for girls. The mean time between the first and second CBCT 

examinations was 12.5 months, the mean time between the second and third 

CBCT examinations was 13.9 months. The alveolar bone grafting was performed 
by four surgeons. The mean preoperative cleft volume was 0.42cm3 for both the 

first and second operated cleft. The mean postoperative cleft volume was 0.23 

cm3  (SD: 0.16). For the first operated cleft the postoperative cleft volume was 

0.21cm3  (SD: 0.1), the postoperative volume for the second cleft was 0.24 cm3 

(SD:1.5), without significant differences between them.  For volumetric 

comparisons, all data was included in the analysis. One cleft had atypical 

morphology which made separate analysis of nasal and dental volumes 

impossible. Because of this, the cleft was excluded from the sub-analysis of the 
nasal and dental cleft volume. The cleft volume om the passive side did not 

change after surgery on the contralateral side, with a mean preoperative volume 

of 0.41 cm3, and a mean postoperative volume of 0.42 cm3 (p>0.05). 

For analysis of the bone fill, outliers were excluded, an outlier was defined as a 

case where the postoperative volume was more than double the preoperative 
volume. The outliers were included in the analysis of the preoperative and 

postoperative volume, but not in the calculation of the bone fill. The overall bone 

fill was 45% (40% with outliers included), with 54% bone fill in the first operated 

cleft (47% with outliers included), and 35% for the second cleft (33% with outliers 
included). No significant differences were seen between the first and second 

cleft regarding preoperative bone fill and postoperative bone fill (p>0.05).  

The mean bone fill of the dental part was 62% (52% with outliers included) 

(Figure 9). The mean preoperative volume was 0.23 cm3, and the mean 

postoperative volume was 0.1 cm3 (table 3). The mean bone fill of the nasal part 
was 29% (12% with outliers included). The mean preoperative volume was 0.19 

cm3, and the mean postoperative volume was 0.13 cm3. No statistically significant 
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difference was found when comparing the first and second cleft, or the bone fill 

in the dental and nasal part of the cleft. However, a significant difference was 

detected when comparing the bone-fill between the dental and nasal parts 

(p=<0.001). No difference in cleft volume of the first operated cleft was seen 

between the second and third CBCT examination (p=0.5). In other words, no 
resorption of the first bone graft was seen between one and two years after the 

bone graft. The inter-observer agreement (ICC) was 0.91, and intra-observer 

agreement were 0.93 and 0.89 respectively. 

 

 

Figure 9 Volumetric change (cm3), preoperative on the left side, and postoperative on the right 
side. One line for each cleft. (a) total preoperative and postoperative cleft volume, (b) dental 

volume preoperative and postoperative (c), nasal volume preoperative and postoperative, (d) 
cleft volume of the first cleft between the postoperative CBCT and 3rd CBCT. 
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Table 3 Mean cleft volume (cm3) prior to and post-bone graft. 

  

Nasal 
volume 

Dental 
volume 

Total 
volume n 

1st Preoperative volume Mean 0.18 0.24 0.42 20 

 

   Std. 
Deviation 0.08 0.15 0.18 

 

Passive Preoperative 
volume Mean 0.19 0.22 0.41 20 

 
Std. Deviation 0.11 0.16 0.22 

 

1st Postoperative volume Mean 0.13 0.09 0.21 20 

 
Std. Deviation 0.10 0.11 0.18 

 

2nd Preoperative volume Mean 0.19 0.22 0.42 20 

 
Std. Deviation 0.14 0.14 0.21 

 

Passive postoperative 
volume Mean 0.19 0.22 0.42 20 

 
Std. Deviation 0.14 0.14 0.21 

 

2nd Postoperative volume Mean 0.14 0.11 0.25 19 

 
Std. Deviation 0.09 0.13 0.17 

 

 Total preoperative 
volume Mean 0.19 0.23 0.42 40 

 
Std. Deviation 0.11 0.14 0.19 

 

Total postoperative 
volume Mean 0.13 0.09 0.23 39 

 

    Std. 
Deviation 0.1 0.10 0.16 
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4.3 Reduction of the field of view 

A total of 110 patients were included in study III; however, three patients were 
excluded due to movement during the radiological examination. For a clinically 

applicable result with outliers removed, the 95th percentile was used. The larger 
FOV reduction includes the alveolar cleft area between the marginal bone level 

up to the nasal floor (the level of the contralateral side), both upper canines fully 

depicted, both upper central incisors fully depicted, and the nasal floor.  The 95th 

percentile of the width was 44.3 mm (SD:3.9) (mean width of 37 mm, SD:4), while 
the height was 36.5 mm (SD:4.4) (mean height of 29.8mm SD:4.4). 

The small protocol for FOV reduction includes the alveolar cleft area between 
the marginal bone level up to the nasal floor (the level of the contralateral side), 

the central incisor and canine adjacent to the cleft area fully depicted. For the 

small FOV reduction, the 95th percentile of the width was 28.1 mm (SD: 3.8) 

(mean width of 21.6 mm, SD: 3.8). The 95th percentile of the height of the small 
protocol was 34.9 mm (SD: 4.6) (mean height 25.8 mm, SD: 4.5). A significant 

difference in the width of the FOV reduction protocols were seen (p<0.001). 

However, no significant difference was seen when comparing the height of the 

FOV reduction protocols (p>0.05).  In addition, significant differences in width 
were also observed when comparing each FOV reduction to the size of the 

original FOV (p<0.001); Cohen´s d was 14.6 for the larger FOV reduction, and 23.0 

for the small FOV reduction. Furthermore, significant differences were detected 

when comparing the mean width of the large FOV reduction between boys (38.1 
mm, SD: 3.8) and girls (36.1 mm, SD: 3.0) (p=0.0004; Cohen´s d: 0.56). To use a 

reduced FOV clinically, a margin for errors needs to be added. The suggested 

FOV for clinical use, to depict the anatomical structures of the large FOV 

reduction is 50 x 40 mm (width x height).  To depict the anatomical structures of 
the small FOV reduction, a FOV of 35 x 40 mm is suggested.  

For comparison of the irradiated area outside the sensor between different FOV 

(80x50mm and 40x50mm), Gafchromic™ XR-QA2 dosimetric film (International 

Specialty Products, Wayne, NJ) was used. The DAP values from the CBCT 

machine were verified with a RTI Doseguard 100 DAP-meter (RTI electronics, 
Mölndal, Sweden) calibration traceable to the Swedish Secondary standard 

laboratory.  

The dose reduction for suggested FOV size (40x50mm) that depicts the 

anatomical structures of the large FOV reduction, was 41%. The dose reduction 
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was 56% with the suggested FOV size (35x40mm) for the small FOV reduction. 

Incidental findings were found in 92% of the patients. Within the larger FOV 

reduction, 85% of the incidental findings were included, while the smaller FOV 

reduction depicted 72%. 

 

4.4 Dental anomalies 

In total, 107 patients were included in study IV (73 boys and 34 girls). Of the 
children included, 26 had bilateral clefts and 81 had unilateral clefts. The 

unilateral clefts were located on the left side for 49 patients and on the right side 

for 32 patients. The mean age at the CBCT examination was 9.5 years (SD 1.8).  

The mean time between CBCT and PAN radiographs was 0.5 years, and between 
CBCT and IO radiographs 0.4 years. On average, each patient had 3.9 IO 

radiographs depicting the anterior maxilla.  

Dental anomalies were found in 91.5% of the cases in PAN radiographs only, 91.5% 

in of the cases with a combination of PAN + IO radiographs, and in 92.5% of the 

cases in CBCT. The mean number of dental anomalies in the maxilla in CBCT 
examinations was 2.4 for (SD 1.6), 2.3 (SD 1.5) in a combination of PAN + IO 

radiographs, and 2.2 (SD 1.6) in PAN radiographs.  

No statistically significant difference was found when comparing the number of 

registered anomalies (hypodontia, atypical morphology, microdontia and 
displaced teeth) between the groups (p > 0.05), except for supernumerary teeth 

(p = 0.02) (Figure 10). However, after adjusting according to Bonferroni, no 

significant differences were observed (p values < 0.01 were considered 

significant).  

The most common dental anomaly was hypodontia, followed by atypical 

morphology, microdontia, displaced teeth, and supernumerary teeth (table 4).  
Total agreement in diagnosing dental anomalies was found in 51% of patients 

when comparing CBCT with a combination of PAN radiographs and IO 

radiographs. Total agreement was 45% when comparing CBCT with PAN 

radiographs. When comparing PAN radiographs with a combination of PAN 
radiographs and IO radiographs, total agreement was seen in 61% of the cases.  

The highest level of agreement between the observers was found for CBCT (ICC 

0.89), followed by a combination of PAN + IO radiographs (ICC 0.82) and PAN 

radiographs (ICC 0.79).  
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Table 4 Number of registered dental anomalies, a comparison between different modalities 
(Cone-beam computed tomography (CBCT), panoramic and intraoral radiographs (PAN+IO, and 

panoramic radiographs (PAN).  

 

 PAN PAN+ IO CBCT 

Hypodontia 99 92 89 

Atypical morphology 64 74 65 

Microdontia 37 36 46 

Supernumerary teeth 11 16 21 

Displaced teeth 26 27 32 
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Figure 10 Comparison of number of identified dental anomalies between panoramic radiographs, 
a combination of panoramic and intraoral radiographs, and CBCT subdivided into the different 

types of dental anomalies. 
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5 Discussion 
Radiological examinations of alveolar clefts are valuable for planning and 

evaluation of bone grafting of alveolar clefts. However, there is no agreement on 
which modality to choose for these radiological examinations. Reduction of 

radiation dose in CBCT examinations of alveolar clefts, and the diagnostic 

information within these examinations were the main aim of the four projects 

included.   

There is a necessity to reduce the dose to children with alveolar clefts. Children 
are approximately three times more sensitive to radiation compared to adults 

(SEDENTEX CT guidelines  on Dental and Maxillofacial Radiology, European 

Commission Radiation protection no 172, 2012). In addition, children with an 

alveolar cleft receive a three to five times higher radiation dose from dental 
radiography, compared to children without a cleft at the same age (Jacobs et al., 

2018). However, there is no agreement in which modality or protocol to use in 

radiological examinations of alveolar clefts (Xinlei Yu, Runzhi Guo, & Weiran Li, 

2020). Postoperative assessment of the alveolar bone grafts with IO radiographs 
are widely used. Although, assessment with IO radiographs tends to 

overestimate the amount of bone in the buccolingual aspect compared to 3D 

radiological examinations such as CBCT or CT (Xinlei Yu et al., 2020). The use of 

CBCT for evaluation of alveolar clefts and alveolar bone grafting increases. 
However, for CBCT, several radiological protocols are suggested for assessment 

of alveolar clefts, but there are no widely used guidelines regarding FOV and 

resolution that should be used (De Mulder, Cadenas de Llano-Pérula, Willems, et 

al., 2018; Lemberger, Benchimol, et al., 2024; Shujaat et al., 2024).  

The first study focused on investigating if the dose could be reduced in pre- and 
postoperative examinations of alveolar clefts by using LD protocols with 

maintained structure visibility. Previous pre-clinical studies suggest that a lower 

resolution can be used in pediatric patients without missing vital information 

with a dose eight times lower than the reference dose (Ihlis et al., 2021; Oenning 
et al., 2019; Shujaat et al., 2024). A drawback of pre-clinical projects is that these 

do not consider factors that might influence the image quality in a clinical setting 

such as movement during exposure and the exposure time. Factors that might 

improve image quality are a short exposure time and possibly also algorithms 
that reduce the influence of movement on image quality (Birklein et al., 2023) 

The results of the pre-clinical studies are in line with the results of the first study 
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showing that a significant dose reduction can be achieved by using a lower 

resolution protocol. However, in this study, the patients included were examined 

with either SD or LD protocol. A limitation with this setup was that it was not 

possible to compare two images from the same patient exposed with different 

protocols. Though, the patients did not receive any extra radiation by 
participating in the study. A recent clinical study performed a comparison of 

image quality in CBCT examinations exposed with two different protocols in the 

same patients, and reached the same conclusion that LD protocols are possible 

to use while maintaining diagnostical information (Vicente, Cederhag, et al., 
2024).  The first study did not find any significant difference in structure visibility 

between the preoperative and postoperative CBCT. Potentially, the shorter 

exposure time of the LD protocol might increase the risk of movement during 

exposure. However, there were no differences in the number of excluded 
examinations due to movement during exposure between the groups (three 

examinations in each group were excluded). The present study compared 

subjective structure visibility for a result that is easy to implement into the clinic. 

A limitation of this study is that protocols from the Planmeca ProMax were 
compared, so the results might not be directly generalizable to all machines. 

Different radiologists might have different preferences and experiences 

regarding structure visibility and image quality. The inter- and intra-observer 

agreement was generally substantial and had a spread between moderate and 
almost perfect.  

 Another possible limitation is that the dose reduction was calculated using DAP 

values instead of the effective dose. The dose reduction calculated using DAP 

values reflects the actual dose reduction. The reason for this is that the effective 

dose is much more complicated to calculate. Still, the DAP values were used for 
comparison because all examinations had the same tube potential, FOV and 

were exposed in the same area. This might ensure that the same organs and area 

are exposed. By taking this into consideration, the dose reduction by comparing 

using DAP values reflects the actual dose reduction. A pre-clinical study has 
compared LD protocols and SD protocols on different machines (Shujaat et al., 

2024). Future studies may clinically assess LD protocols from different machines 

for a result that is possible to implement in the clinic more widely.  

The second study assessed the bone fill in different parts of bilateral alveolar 

clefts by volumetric measures in the pre- and postoperative CBCT examinations. 
In two-step surgery of bilateral alveolar clefts, the postoperative cleft volume 
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does not differ between the first and second graft site. When comparing the 

bone fill between the superior and inferior part of the cleft, a significantly less 

bone fill was registered in the superior part (p<0.01).  In addition, no difference in 

cleft volume on the passive side was registered with two-step bone grafting. 

Several previous studies have assessed bone fill in unilateral alveolar clefts, the 

bone fill varied between 36%-99% (M. Feichtinger, Mossböck, & Kärcher, 2006; 
Movahedian Attar, Naghdi, Etemadi Sh, & Mehdizadeh, 2017; Oberoi et al., 2009). 

However, there are only few previous studies describing the bone fill in bilateral 

alveolar clefts (Deçolli, Nemţoi, Susanu, Haba, & Petcu, 2014; Farzal et al., 2016).  In 

the follow up CBCT, exposed approximately one year after the preoperative 
CBCT, the bone fill was 47%, which corresponds with the result of a previous 

study assessing bone fill in bilateral alveolar clefts (Van der Meij et al., 2001). The 

follow up time of the postoperative CBCT might have an influence on the amount 

of bone fill. The largest resorption of the bone graft appears within the first year 
after bone graft (De Mulder, Cadenas de Llano-Pérula, Jacobs, Verdonck, & 

Willems, 2019). However, the eruption of the canine also influences the amount of 

bone. If the canines haven’t erupted 56% resorption was registered after 2-3 

years, while 44% resorption was registered if the canine had erupted (Doucet et 
al., 2024). There was a larger amount of bone fill in the inferior part (62%) 

compared to the superior part (23%). This result was in line with previous studies 

of unilateral clefts where larger amount of resorption was noticed in the superior 

part (Lemberger, Benchimol, et al., 2024). 

The bone fill in the alveolar cleft after the bone graft gives an indication of the 
outcome of the surgery. However, several factors have an influence on the final 

outcome of the orthodontic treatment and the treatment plan of the alveolar 

cleft.  A high percentage of bone fill is not necessarily regarded as success. The 

location of the bone in the cleft and the presence of oronasal fistulas are 
important factors to consider when evaluating the outcome of the bone graft.  

The decision on whether a regraft is needed depends on the planning of the cleft 

area, for example, if a tooth is to be moved into the area or if an implant is 

planned. The decision on which cleft to operate first was based on the location 
of the lateral permanent tooth. The cleft with the most adjacent lateral 

permanent tooth was treated first, if the lateral teeth had the same location 

bilaterally, the largest cleft was grafted first. Defining the borders of the cleft area 

is challenging, especially in bilateral clefts when there is no contralateral normal 
side to compare with. Despite this, the observers had excellent inter-observer 
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and intra-observer agreement. Volumetric measurement of alveolar clefts is 

used in several studies (De Mulder, Cadenas de Llano-Pérula, Jacobs, et al., 

2018). Although there is no consensus on which anatomical structures to use for 

defining the cleft area. Therefore, comparing the results between different 

studies can be challenging. Three-dimensional (3D) radiographic methods are 
considered to be more precise compared to IO radiographs, particularly for 

evaluation of the bucco-palatal thickness of the bone within the cleft. The 

bucco-palatal thickness is often overestimated in IO radiographs compared to 

tomographic imaging (Xinlei Yu et al., 2020). This study found that bucco-palatal 
resorption was more frequent than vertical bone resorption. Therefore, the bone 

fill is overestimated when only the vertical bone height is measured (X. Yu et al., 

2020).  

However, the radiation doses from 3D radiographic examinations are 
considerably higher than the dose from 2D radiographic examinations, with 

patients with cleft receiving a three to five times higher radiation dose from 

dental radiology compared to other children at the same age (Jacobs et al., 

2018). The patients in the present study received two-step surgery, which led to 
three CBCT examinations to receive preoperative and postoperative 

examinations of both clefts. If both clefts had been grafted at the same time, the 

dose would have been reduced by 1/3. A limitation is the ability to distinguish 

changes in cleft volume and from other factors such as growth or orthodontic 
treatment. However, only minor orthodontic treatments were (if necessary) 

performed in other areas of the mouth to avoid disturbing the healing of the 

bone graft. Usually, the orthodontic treatment start /continue at least six months 

after the bone graft. Another limitation of the project was that no further 
subdivision between different types of alveolar clefts was performed due to the 

content of the ethical approval.  

The third project investigated if the FOV for radiological examinations of 

unilateral alveolar clefts was possible to reduce. Two FOV-reduction protocols 

were compared to the original FOV of the exposed CBCT (80 x 50 mm). A 
secondary aim was to investigate how many incidental findings were missed 

with a reduced FOV. With the large FOV reduction protocol, which fully includes 

both canines, the nasal floor and the cleft area, resulted in a FOV of 44.3 mm x 

36.5mm (95th percentile). For clinical use a FOV of 50 mm x 40 mm is suggested, 
which gives a dose reduction of 41%. For the small FOV reduction protocol which 

includes the cleft the adjacent central incisor and the adjacent canine, the FOV 
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was 20.1 mm x 34.9 mm (95th percentile). A FOV of 35 mm x 40 mm is suggested 

for clinical use which gives a dose reduction of 56%. It is worth taking into 

consideration the fact that the suggested FOV for clinical use is less than 10mm 

larger than the 95th percentile. Therefore, the experience of the machine 

operators might also be taken into consideration when choosing the FOV size. In 
addition, a limitation may be that there are only a few CBCT machines that 

enable a freely adjustable FOV size. The suggested FOV reductions might 

therefore not be possible to use on all CBCT machines. The 95th percentile was 

used to assess the largest measures but at the same time reduce the extreme 
values. Boys had a significantly larger FOV width in the larger FOV reduction 

protocol (38.1 for boys and 36.1 for girls), which probably is caused by the fact 

that boys have larger maxillary dimensions in general (Shujaat et al., 2023). 

However, girls are earlier in their dental development, as seen in the age 
difference of the included children (Demirjian & Levesque, 1980). The CBCT 

examinations of the project came from one cleft center which ensures that the 

treatment of the cleft was performed according to the same protocol. On the 

other hand, a limitation with this setup might be the applicability of the results, 
which may vary due to differences in growth patterns among different 

ethnicities. The measures differed a lot within the FOV reduction protocols. The 

smallest measured diameters and heights of the FOV were approximately half of 

the largest registered values. Future research might explore how to make the 
FOV size individualized for further dose reduction by applying the ALADAIP 

principle (Oenning et al., 2021). By using a multidisciplinary approach further 

dose reduction might achieved by optimization of the timing of the radiological 

examination and by the choice of modality. 

Incidental findings were seen in most of the CBCT examinations (92%) with 
agenesis as the most common incidental finding seen in 48% of the cases. When 

comparing prevalence of agenesis to previous studies, the number of agenesis is 

slightly lower in the present study. A possible explanation for this might be that 

previous studies have used PAN radiographs which also depict the lower jaw 
(Rizell et al., 2020). The largest difference in detection of dental anomalies was 

found when comparing findings of microdontia between CBCT and PAN 

radiographs. However, no significant difference was detected in visibility of any 

of the registered dental anomalies. Though, a previous study that assessed 
visibility of dental anomalies in a normal population, found that a significantly 

higher number of anomalies were found in CBCT compared to 2D radiographs 



 

46 

(Crockett, Broome, Tawil, & Tyndall, 2023). A reason for the higher number of 

registered teeth with microdontia is the 3D information in CBCT enabling exact 

measurements and a lack of overlapping anatomical structures or distortion 

(Suomalainen et al., 2014). In addition, in PAN radiographs, the spinal cord cause 

disturbances in the anterior maxilla which may decrease the diagnostic ability in 
the area.  

For teeth with atypical morphology, a higher number was registered in a 

combination of PAN radiographs and IO radiographs compared to CBCT. An 

explanation for this might be that IO radiographs have higher resolution and can 

detect enamel disturbances more accurately compared to CBCT. By using 2D 
radiological examinations instead of CBCT, the patient receives a significantly 

lower radiation dose (Kadesjö et al., 2018). It is worth mentioning, for even further 

dose reduction, that the use of available radiographs may lead to no need of 

exposing new radiographs, and to plan the timing of the radiographic 
examination to maximize the radiological information for several diagnostic 

needs. To make this possible in a clinical setting, good cooperation within the 

multi-professional cleft team and in relation to the general dentist is needed.  

 

Cone-beam computed tomography examinations are widely used for 
radiological examinations before and after bone graft. As the result of the 

present study, preoperative examinations might be performed with 2D 

radiographs, at least for detecting dental anomalies. For postoperative 

examinations after bone graft, both CBCT and IO radiographs are widely used. 
However, the bucco-palatal thickness of the bone graft is difficult to assess with 

IO radiographs where the amount of bone tends to be overestimated (X. Yu et al., 

2020). As the study was performed retrospectively, the 2D and 3D radiological 

examinations were not performed at the same time which is a limitation. In future 
studies assessing the visibility of dental anomalies, the radiological examinations 

should be performed at the same time for a more even comparison. Another 

limitation with the project is that no gold standard was used. Although, findings 

such as hypodontia microdontia, displaced teeth, and supernumerary teeth are 
probably more reliable to detect in CBCT with the 3D information compared to 

2D radiographic examinations. However, atypical morphology, especially 

disturbances in mineralization, might be more reliable to detect in IO 

radiographs. For the most accurate detection of dental anomalies (without 
consideration of the radiation dose), a combination of CBCT and 2D radiographs 
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are probably the more accurate. However, with no significant difference in 

detection of dental anomalies between 2D radiographs and CBCT, a 2D 

radiological examination is suggested to decrease the radiation dose to the 

examined child.  Personally, I argue for a 2D radiological examination before the 

bone transplant. And afterwards, to start with an IO radiographical examination. If 
no bone is seen in the alveolar cleft, no further examination is needed to assess 

the bone in the cleft (Wiedel et al., 2021).  

The definition of a successful or sufficient bone graft differs depending on the 

planned treatment. When the bone bridge is thin in the alveolar cleft the 

eruption of a tooth will probably bring bone with it during eruption through the 
cleft. If no tooth or implant is planned in the cleft area, a thin bridge might be 

considered success if it provides stabilization to the maxilla as well as providing 

sufficient periodontal status to the surrounding teeth. In addition, the choice of 

modality is also influenced by the planned treatment of the cleft. If the lateral 
permanent tooth is expected to erupt down into the cleft after bone graft, a low-

dose CBCT with a limited FOV can be used to assess the bucco-palatal 

thickness of the bone graft. However, if a future implant is planned in the area of 

the bone graft, an examination with IO radiographs might be sufficient. The 
reason is that a thin bone bridge might be considered a success after the first 

bone graft since an additional bone graft will be needed adjacent to the implant 

surgery. In summary, the choice of modality depends on the planned treatment 

in the alveolar cleft. 
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6 Conclusions 
The findings of this thesis add important knowledge in dose reduction of 

radiological examinations of children born with alveolar clefts, especially in 
radiological examinations connected to bone graft of the alveolar cleft. The work 

also increases the awareness of the resorption patterns of bone grafts in 

bilateral clefts. A conclusion of the thesis is that it is possible to achieve dose 

reduction from CBCT examinations of the maxilla and the alveolar cleft with 
several strategies without losing important information.  

 

Study I showed that LD (instead of standard dose) CBCT examinations of the 

alveolar cleft can be used to reduce the dose without compromising the 

structure visibility of anatomical structures adjacent to the cleft. By using a low-

dose protocol instead of normal dose protocol, a dose reduction of 60% is 
achieved. Therefore, the LD protocol is preferred in CBCT examinations of 

alveolar clefts.  

Study II concluded that almost 50% of the cleft volume in bilateral clefts is filled 

with bone after two-step secondary alveolar bone grafting in bilateral clefts. The 

largest amount of bone fill was seen in the dental part of the cleft. The amount of 

bone fill was not influenced by the order of the bone grafts.  The cleft volume on 
the passive side did not change after surgery on the contralateral side.  

Study III recommended a FOV size for 40 x 50 mm of CBCT examinations of the 

maxilla to fully depict the cleft area, central incisors, nasal floor, and both 

canines. This led to a 41% dose reduction. To depict the canine and central 

incisor adjacent to the cleft, a FOV of 35 x 40 mm is suggested which results in a 
dose reduction of 56% compared to the original FOV size of 80 x 50 mm.  

Study IV investigated the structure visibility of dental anomalies in different 

modalities. No statistically significant difference in detection of dental anomalies 

was observed when comparing CBCT examinations with 2D radiological 

examinations of the cleft area and the maxilla. Therefore, 2D radiological 
examinations are recommended to assess dental anomalies in the maxilla and 

reduce the radiation dose.  
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7 Points of perspective 
The thesis has investigated dose reduction of radiological examinations of the 

maxilla and alveolar cleft. The included studies indicate that dose reduction can 
be achieved with different strategies such as optimization of resolution and FOV. 

This is an important part of the goal, and future research should be to strive for 

further dose reduction in children in general and especially children born with 

alveolar cleft since they receive a higher radiation dose compared to other 
children.  

Future research should focus on dose reduction in a more holistic perspective 

with optimization of the timing of all radiological examinations to make as much 

use of them as possible. In addition, to achieve further dose reduction, the 

radiological examinations should be individualized. Both timing, modality as well 
as FOV can probably be further individualized depending on the size of the cleft, 

the location of adjacent teeth and the size and the patient.   

More individualized radiological examinations have been suggested in 

tomographic radiological examinations of children with ALADAIP (Oenning et al., 

2021). Artificial intelligence might be a tool for suggesting more personalized 
examinations FOVs. To speculate, AI might assist in the future by evaluating the 

bucco-palatal thickness of the bone graft in IO radiographs, to reduce the dose 

by using IO radiographs and still maintain relevant information about the 

thickness of the bone graft.   

Future research should focus on the correlation between bone fill and the overall 

result of the cleft treatment. This would be valuable to investigate more 
thoroughly in the predictive factors of the alveolar cleft and the bone graft and 

how these can predict the overall result. There are guidelines in Sweden for 

children born with cleft regarding when to take PAN radiographs and time for 

follow up etc.  

Radiological examinations of alveolar clefts are performed with both 2D and 3D 
modalities depending on different protocols on the cleft centers. More unified 

research-based guidelines for radiological examinations would be beneficial for 

ensuring equal and equitable care, facilitating comparisons between cleft 

centers, and enabling future multicenter studies. Future research should also 
assess whether the modality used for radiographic examinations of the cleft has 

an influence on the result of the bone graft and the overall treatment of the cleft. 
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With the development of technology, more CBCT machines with freely 

adjustable FOV would be beneficial for more individually adapted FOV sizes. 

With the development of radiographic machines, image enhancing algorithms for 

improved structure visibility might be an additional strategy to reduce the dose 

while still maintaining acceptable image. Three-dimensional photographs might 
be an interesting tool for assessing the orthodontic treatment and the 

relationship of the jaws. These photos enable 3D evaluation of the soft tissue and 

skin, so changes there after orthodontic treatment can be assessed. A positive 

aspect of 3D photos is that no extra radiation dose is needed. 
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