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Abstract 
 
Aim: To investigate the interdental arch relationship outcomes of 5-year-old children with 

unilateral cleft lip and palate (UCLP) before and after centralisation of cleft services in the 

United Kingdom (UK) using the Modified Huddart-Bodenham Index (MHBI). 

 

Design: Retrospective cross-sectional study. 

 

Setting: Evaluation of 3D orthodontic study models of children with a complete UCLP.    

 

Participants: All available 5-year-old orthodontic study models of participants with UCLP from 

the pre-centralisation (Clinical Standard Advisory Group CSAG n=107) and post-centralisation 

(Cleft Care UK CCUK n=195) studies. 

 

Outcome measure: Differences between the interdental arch relationship outcomes for the 

CSAG and CCUK cohorts were assessed using the Modified Huddart-Bodenham Index (MHBI). 

This index scored the buccal/palatal or labial/palatal relationships of 8 maxillary deciduous 

teeth with the opposing mandibular dentition. The anterior segment (deciduous central 

incisors), buccal (deciduous canine, first and second deciduous molar) cleft segment and non-

cleft segment scores were calculated along with the sum of the three segments combined to 

calculate the total arch MHBI scores.   

 

Results: The inter- and intra-examiner reliability had a high level of agreement. Statistically 

significant differences in the anterior segment, buccal non cleft segment, and total arch MHBI 
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scores were found between CCUK and CSAG cohorts, with CCUK performing better. There was 

no difference in the buccal cleft segment scores.  

 

Conclusions: There were improved transverse and anterior interdental arch relationships 

post centralisation (CCUK) of cleft services in the UK, suggestive of better primary surgical 

outcomes post CSAG.  
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1.0 Introduction:  
 

Transverse buccal and anterior interdental arch relationships refer to the bucco-lingual / 

labial-palatal relationship of the maxillary posterior and anterior teeth relative to the 

opposing mandibular teeth. Transverse buccal and anterior interdental arch relationships 

are an important consideration when assessing the outcome of growth and development of 

the dentition and underlying skeletal structures.  

 

Unfavourable transverse buccal and anterior interdental arch relationships often occur in 

patients with orofacial cleft (OFC) and can present orthodontic treatment planning 

challenges in the correction of these relationships and subsequent retention.   

 

Children with OFC often experience restricted maxillary growth following surgical repair, 

particularly if the cleft involves the lip, alveolus and palate.  This restriction can occur in 

vertical, anteroposterior, and transverse maxillary dimensions and often becomes more 

apparent with continued facial growth.  Restricted transverse buccal and anterior maxillary 

dimensions can lead to constricted and distorted upper dental arch forms and unfavourable 

interdental arch relationships.   

 

The use of interdental arch relationship outcomes at age 5 years offers an opportunity to 

assess the occlusion following the surgical repair and continued facial growth, and prior to 

the transition to the permanent dentition and any orthodontic treatment.  
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Cleft care in the United Kingdom (UK) underwent a fundamental reorganisation following 

the recommendations of the 1998 Clinical Standards Advisory Group (CSAG). The CSAG 

findings highlighted the relatively poor outcomes when compared to other European cleft 

centres, where the number of surgical repairs undertaken per surgeon were considerably 

higher. As a result, cleft care in the UK was centralised and surgical services restricted to 16 

sites. The purpose was to ensure higher volumes of surgical repairs were carried out by each 

surgeon. Improved outcomes from the centralised service were reported in the follow up 

Cleft Care UK (CCUK) investigation in 2013.   

 

Previous outcome studies comparing pre (CSAG) and post (CCUK) cleft care centralisation 

have reported significant improvements including those assessing interdental arch 

relationship outcomes for children with repaired complete unilateral cleft lip and palate 

(UCLP) cleft at age 5 years. These have included measures of the anterior-posterior (AP) 

interdental arch relationship as well as maxillary arch form and width dimensions. Although 

significant improvements in AP interdental arch relationship were found, the maxillary arch 

width dimension improvements were relatively small. To date, no studies have investigated 

the transverse buccal and anterior interdental relationship outcomes using the Modified 

Huddart-Bodenham Index (MHBI) on dental models from the CSAG and CCUK studies. The 

MHBI is an index that assesses the severity and frequency of crossbites in the sagittal and 

transverse dimension to evaluate the amount of constriction within the maxillary arch. The 

study findings will add to the knowledge of clinically relevant outcomes following 

centralisation and may assist in the benchmarking of outcomes if future changes occur to 

surgical services in the UK.  
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2.0 Review of the literature 
 
 
This literature review will start with the epidemiology of orofacial clefts (OFC), aetiology, 

and classification, followed by the comorbidities and quality of life of people with OFC. The 

current cleft care pathway in the UK will be discussed. Furthermore, the CSAG and CCUK 

studies will be reviewed, along with a comparison between them. The different interdental 

arch relationship outcome measures used in assessing complete unilateral cleft lip and 

palate (UCLP) will also be discussed along with the pros and cons of each outcome measure. 

Finally, the review will include the studies using the most common interdental arch 

relationship outcome measures used for children born with a UCLP, along with their 

reported findings. 

 

2.1 Epidemiology 

  
The prevalence of OFC in the UK is estimated to be 13 per 10,000 live births (CRANE, 2020) 

and is the most common craniofacial deformity (Gorlin et al., 1971). The incidence of OFC 

varies considerably across geographic regions and ethnic groups with populations of 

Amerindian origin reporting the highest incidence of OFC clefts (27 per 10,000), whereas 

populations of African origin report the lowest incidence (4.2 per 10,000) (WHO, 2001). OFC 

can exist as a part of other abnormalities associated with a syndrome or can be non-

syndromic and occur as an isolated event. Approximately 30% of OFC are associated with 

other abnormalities or syndromes (Dixon et al., 2011), with a higher proportion of children 

with cleft palate (CP) associated with a syndrome (WHO, 2003). These syndromes can 

include Down syndrome, Teacher Collins syndrome and Pierre Robyn syndrome. 
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OFC represent a spectrum of defects that can extend from a micro-form or submucous 

versions of cleft limited to the lip or soft palate, to defects that include a complete bilateral 

cleft that extends from the lip, alveolus, hard and soft palate. Atypical OFCs are often 

termed Tessier Clefts and represent more extensive forms of facial cleft that can extend to 

include the orbit and/or cranial structures (Laurice Ann, 2018). These atypical OFCs are very 

rare and will not be included within this literature review. 

  

According to CRANE (Cleft Registry and Audit Network), cleft palate (CP) (44%) is the most 

common cleft phenotype in the UK followed by cleft lip (CL) (23.3%), unilateral cleft lip and 

palate (UCLP) (22.8%) and bilateral cleft lip and palate (BCLP) (9.6%). CRANE is a national 

clinical audit managed by the Clinical Effectiveness Unit of the Royal College of Surgeons of 

England (RCS) that was established by the Department of Health in 2000 to collect 

information about children born with OFC.  CRANE also reported that CP occurs more 

frequently in females (3:2), whereas cleft lip and palate (CLP) is more frequent in males 

(2:1), and that unilateral clefts on the left side are more common than on the right (2:1) 

regardless of gender, ethnicity and severity of the defect (Fitzsimons et al., 2023). 

 

2.2 Embryonic facial development:  
 

During normal embryogenesis, facial development begins at around 4 weeks post 

conception. Neural crest cell migration and proliferation results in the formation of five 

facial processes: the frontonasal, two maxillary and two mandibular processes. It is the 

joining and fusion of these five processes that give rise to the facial structure. The 

development of the mandible and lower lip result from the midline fusion of the paired 
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mandibular processes very early on around week 5 in utero. By week 5 of development, the 

frontonasal processes also enlarge and give rise to the medial and lateral nasal processes, 

which surround the nasal placodes. Nasal pits result following the enlargement of the 

medial and nasal processes. The base of the nasal pits is lined by the oral nasal membrane, 

which separates it from the primitive oral cavity. At the same time, the maxillary processes 

start to migrate toward the centre, fusing with lateral nasal process and forming the 

nasolacrimal duct, the cheek, and the base of the nose. By the end of week 6, the maxillary 

processes continue to move medially, pushing the lateral nasal processes superiorly, which 

then allows it to join the medial nasal processes, forming the upper lip, primary palate, and 

the central portion of the nose. Therefore, upper lip formation is the result of the midline 

fusion of the maxillary and medial nasal processes (Jiang et al., 2006).   

 

The palate starts to develop around weeks 6-7 in utero and is completed around week 10. 

Embryologically, the palate is divided into the primary and secondary palate.  The medial 

nasal process gives rise to the primary palate, comprising the four maxillary incisors, their 

alveolus and the premaxilla. The secondary palate develops from the maxillary process by 

fusion of the two palatine shelves. Initially, the palatine shelves are oriented vertically and 

are situated on either side of the tongue. As they grow and develop, they elevate above the 

tongue and fuse in the midline with their counterpart. The oral cavity and nasal cavity are 

separated by the fusion of the palatine shelves,  the nasal septum, and the primary anterior 

palate (Figure 1) (Bush and Jiang, 2012). 
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Figure 1: Palatogenesis in mouse. MNP, medial nasal process; MxP, maxillary process; NS, 

nasal septum; PP, primary palate; PS, palatal shelf; SP, secondary palate (Bush and Jiang, 

2012).  

 

Occasionally, failure of fusion or abnormal development of the maxillary processes or nasal 

processes can occur resulting in anomalies including OFC. The periderm surrounding the 

medial edge of the palatine shelves must be disrupted for the palatal shelves to adhere and 

fuse. This disruption will lead the periderm cells to change in shape dramatically, resulting in 

the apoptosis of their nuclei. The exfoliation of the dead epidermal cells allows the opposing 

palatine shelves to fuse at the midline. Similar apoptotic mechanisms occur around the 

medial nasal and maxillary prominences before lip fusion (Lan et al., 2015). 

 

2.3 Aetiology of orofacial cleft 
 

The aetiology of OFC is unknown but appears to be multifactorial, resulting from both 

genetic and environmental interaction affecting facial development at a specific point 

during embryogenesis (Cobourne, 2004).  

 

Identifying the main genes involved in OFC could help in early diagnosis, prevention and 

perhaps the development of adjunctive therapies.  However, there remains limited 

understanding of the genetic aetiology of non-syndromic OFC due to its Mendelian 
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inheritance pattern, the restricted availability and expenses of genomic tools and the need 

for large data sets (Dixon et al., 2011).  By contrast there has been significant progress in 

identifying the genes involved in syndromic OFC due to advancements in genomics. 

 

2.3.1 Syndromic orofacial cleft: 
 
 
Orofacial cleft has been known to be an associated feature of over 300 syndromes (Online 

Mendelian inheritance in man: http://www.ncbi.nlm.gov/omim). Like all syndromes, the 

aetiology of syndromic CLP can be subdivided into: 

 

• Those resulting from a single gene defect. 

• Those resulting from chromosomal structural abnormalities. 

• Known teratogens associated with syndromes. 

• Those with unknown causes (Cobourne, 2004). 

 

Genes that are strongly associated with several syndromic OFCs include: 

 

• IRF6: mutation in IRF6 gene has been recognised to cause Van Der Woude syndrome 

(VDW) (Cobourne, 2004). It has been suggested that it works by regulating the 

interactions between members of TGFß (transforming growth factor-ß) (Kondo et al., 

2002). However, the exact mechanism of how IRF6 can affect development remains 

unknown.  

• PVRL1: Homozygous loss-of-function mutation in PVRL1 gene has been identified to 

cause CLP-ectodermal dysplasia syndrome (Suzuki et al., 2000). The findings from 
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Suzuki et al. (2000) suggest that normal PVRL1 gene function plays a vital role in 

regulating the palatine shelves fusion during palatogenesis.  

• COL2A1: mutation in COL2A1 gene have been shown to be associated with type 2 

Stickler syndrome. Abnormalities in this gene can affect collagen biosynthesis, which 

manifests as abnormal skeletal morphogenesis and can appear as isolated CP 

(Richards et al., 1996). 

• Other genes associated with syndromic OFC are SOX9 in Pierre Robin  (Benko et al., 

2009), FGFR2 in Crouzon, PTCH1 in Gorlin syndrome and TCOF1 in Treacher Collins 

(Treacher Collins Syndrome Collaborative Group 1996), (Dixon et al., 2011). 

 

2.3.2 Non-Syndromic orofacial clefts  
 
 
As previously described, non-syndromic orofacial clefts account for 70% of all OFC (Dixon et 

al., 2011). The aetiology and pathogenesis of non-syndromic OFC are poorly understood due 

to its multifactorial nature resulting from complex interactions between genetic and 

environmental factors at a certain point during facial embryogenesis (Cobourne, 2004). Up 

to 14 genes and loci were identified to be associated with non-syndromic OFC through 

genome-wide association studies (Lidral and Murray, 2004), including IRF6 (Rahimov et al., 

2008) , VAX1 (Mangold et al., 2010), MSX1 (van den Boogaard et al., 2000; Jezewski et al., 

2003) and ABCA4 (Beaty et al., 2010).  

 

Environmental risk factors have also been found to be important in the aetiology of OFC. 

Maternal smoking, alcohol consumption, poor nutrition, viral infection, drugs, and exposure 

to teratogens at work and in the home during early pregnancy have been investigated.  
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A strong link between maternal smoking and increased risk of both CLP and CP have been 

found with a population-attributable risk as high as 20% (Little et al., 2004). However, the 

relationship between maternal smoking and CLP prevalence might be underestimated, 

because passive smoking was not considered in most studies. A UK study suggested that the 

risk of OFC might increase in infants carrying the cleft associated TGF mutation if the 

mothers were smoking cigarettes (Shaw et al., 1996). A recent systematic review and meta-

analysis that investigated maternal smoking as an aetiological factor for OFC reported a 

moderate association (Fell et al., 2021). However, the quality of the studies included in this 

review were poor (Fell et al., 2021). In the UK, there has been a significant change in 

smoking behaviour between 2000 to 2018, with the number of smokers reducing by more 

than a third, due to the implementation of smoking-free legislation. Despite this dramatic 

change, the predicted effect on OFC incidence was relatively small (from 14.2 per 

10,000/year down to 13.5 per 10,000/year) but may have contributed to reducing OFC 

incidence in the UK (Fell et al., 2021).  

 

Alcohol consumption during pregnancy has also been associated with an increased risk of 

OFC (DeRoo et al., 2008). However, the role of alcohol in causing OFC is less clear, with 

some studies finding a positive association (Romitti et al., 1999; Chevrier et al., 2005) but 

not in others (Meyer et al., 2003; Romitti et al., 2007).   

 

Nutritional intake during pregnancy is thought to impact on the prevalence of OFC, but 

some of the studies that have investigated the intake of folate supplements to prevent OFC 

were controversial. While some studies have found a detectible reduction in the incidence 
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of OFC when folic acid was used in food fortification programme (7% reduction) (Yazdy et 

al., 2007; Johnson and Little, 2008) others have not (Ray et al., 2003; Lopez-Camelo et al., 

2010).  In general, when folate was used in food fortification, a reduction in OFC has been 

seen in the USA (Yazdy et al., 2007) but not in Chile (Lopez-Camelo et al., 2010)  or Canada 

(Ray et al., 2003). A relatively recent study found no association between OFC and high 

levels of folate receptor autoantibodies in pregnant women (Bille et al., 2010).  Although 

many of the previous studies have suggested folic acid is useful in protecting against OFCs, 

they have often suffered from data and design limitations. In addition the sample sizes have 

been small, there have been power limitations and in some cases the folic acid was used in 

combination with other supplements (Wehby et al., 2010).   

 

Drugs such as diazepam, phenytoin and corticosteroids have been shown to have a positive 

correlation with OFC (Abrushamchain et al., 1994; Shaw et al., 1995; Park-Wyllie et al., 

2000). However, these findings need to be cautiously interpreted due to the risk of 

publication bias. Other environmental factors that need further investigation with respect to 

the aetiology of OFC include maternal stress, obesity, ionising radiation, and occupational 

exposures.   
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2.4 Classification of orofacial clefts: 
 

Orofacial clefts can be classified as being complete or incomplete based on the severity of 

the cleft, as well as unilateral or bilateral depending on whether it involves one side or both 

sides (Figure 2).  

 

CL/P can range from a notching of the upper lip, with or without involvement of the 

alveolus, to complete unilateral or bilateral lip, alveolus, and hard/soft palate clefts. 

Whereas CP can range from a bifid uvula or simple submucous cleft to a complete cleft 

involving the primary and secondary palate (Couborne, 2004). 

   

.

Figure 2: Representation of the most common types of clefts: a. unilateral cleft palate with 

alveolar involvement; b. bilateral cleft with alveolar involvement; c. unilateral cleft lip 

associated with cleft palate; d. bilateral cleft lip and palate; e. cleft involving both soft and 

hard palate (Brito et al., 2012). 
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Many classifications have been used to describe OFC (Kernahan and Stark, 1958; Schwartz et 

al., 1993; Koul, 2007), but most use the anatomy of facial embryology, as it is the simplest 

method. The most common classification used in the UK, which uses anatomy of facial 

embryology as its base is the ‘LAHSAL’ classification, as it is easy to use and is sufficient for 

most purposes. ‘LAHSHAL’ was first described by Otto Kriens (1989) and was modified based 

on the recommendation of the Royal College of Surgeons (RCS) by dropping one “H”. This 

made the system simpler to use as it removed the necessity to record bilateral clefts of the 

hard palate, which is a midline structure (Hodgkinson et al., 2005). Each letter of the LAHSAL 

code relates to one of the six anatomical sites that can be affected by a cleft (Table 1). The 

extent of the cleft can be determined by the use of upper- or lower-case letters. For 

instance, an upper-case letter, e.g., L, indicates a complete cleft lip. In contrast, a lower-case 

letter, e.g., l, indicates an incomplete cleft lip, and an absence of letters (and replaced with a 

dot) indicates that there is no cleft affecting that site.  

 

L A H S A L 

Right Lip Right 
Alveolus 

Hard palate Soft palate Left Alveolus Left Lip 

 

Table 1: LAHSAL coding system by the Royal College of Surgeons RCS (CRANE Database, 

2019). 
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2.5 Comorbidities associated with OFC:  
   

Orofacial clefts can have a profound impact not only on social interaction but also on the 

quality of life of children born with such a deformity, which can extend from birth until their 

twenties and maybe longer.  Common comorbidities associated with OFC include problems 

with feeding, chronic ear infection, speech and language difficulties (Roberts et al., 2012) as 

well as abnormalities in dental development, which include missing/extra teeth or 

malpositioned teeth, increased risk of caries and/or Class III malocclusion (Ranta, 1986; 

McCance et al., 1990; Bokhout et al., 1997).  

 

Rehabilitation for children born with OFC starts soon after birth and can continue until early 

adulthood. The primary aim of treatment is to achieve as near normal facial appearance as 

possible, improve function as well as psychosocial wellbeing (Dudding et al., 2023). The 

treatment undertaken, particularly in the early stages, should ideally have minimal impact 

upon inherent future facial growth and development. To achieve successful outcomes, a 

multi-disciplinary, highly specialised treatment from birth to early adulthood is needed, 

along with a lifetime commitment to oral health maintenance (Colbert et al., 2015).       
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2.6 History of cleft care delivery in the UK: 
 

2.6.1 The need for change in the care of OFC in the UK 
 
 
After the Fifth International Congress of Cleft Lip and Palate and Related Craniofacial 

Anomalies in 1986, orthodontists agreed to carry out an international study to compare 

treatment outcome in UCLP across Europe. This international multi-centre study included six 

European centres (Eurocleft), which allowed for assessment and comparisons between 

primary surgical outcomes, craniofacial form, dental arch relationships and nasolabial 

appearance to be carried out (Shaw et al., 1992a). The two UK cleft centres which 

participated in the study reported poor outcomes compared to the other European centres 

in this study. The consequences of poorly organised care included increased suffering of 

patients and their families and greater economic costs on health services associated with 

further need for operations and ancillary care (Shaw et al., 1992b). 

 

Identifying the factors behind the two UK centres poor performance was challenging (Shaw 

et al., 1992a). Although different treatment programs were used between the units, there 

was no evidence to suggest which primary surgical technique or other treatments used was 

better than the other (Shaw et al., 1992b). However, the investigators suggested operator 

caseloads may have a significant impact on treatment outcome. It was found that the 

centres where the surgeons had high volume caseloads of UCLP repair, achieved better 

results, whereas the centres that had more surgeons, but with lesser caseloads per surgeon 

had the worst quality of treatment (Shaw et al., 1992b).  

 



 
27 

Other factors that have been associated with poor treatment outcomes include lack of 

standardisation and centralisation (Sandy et al., 2001). The presence of a high number of 

cleft surgeons and low caseloads per surgeon also meant that it would take decades to 

accumulate sufficient numbers of 5 year olds with repaired OFC for an inter-centre 

comparison to take place (Williams et al., 1996).  

 

2.6.2 Clinical Standards Advisory Group (CSAG)  
 
 
From the issues mentioned above, it was apparent the cleft care pathway in the UK needed 

to improve. A research team was commissioned in 1998 by the Clinical Standards Advisory 

Group (CSAG) committee to perform an audit to report on the care and outcome in every 

non-syndromic UCLP case at 5 and 12 years of age over a period of two years (Sandy et al., 

2001). Patients with UCLP were chosen as it was considered that they best represented cleft 

care outcomes and that it would be unrealistic to include all types of clefts. Two different 

age groups were chosen because at 5 years of age, primary surgical outcome could be 

assessed without the outcome distorted by orthodontic treatment or bone grafting. The 12-

year-old group was chosen so that the assessment of success of secondary alveolar bone 

grafting and facial development could be carried out. 

 

The interdental arch relationship outcomes at 5-years-old were assessed using the 5-Year-

Olds’ index (Atack et al., 1997) and the 12-year-old interdental arch relationship outcomes 

were assessed using the GOSLON Yardstick (Williams et al., 2001).  
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2.6.2.1 The CSAG Study Sample and Method: 
 
 
Study models (239 out of 326 participants with a mean age of 6.4 years) included in the 

CSAG report were identified using cleft surgeons’ operating lists from April 1982 – 

December 1984 for 12-year-old data and April 1989 – December 1991 for 5-year-old data 

(Sandy et al., 1998). Pre-lip repair photographs and/ or dental models were used to confirm 

the original diagnosis and assess suitability to meet inclusion criteria, which included 

children born with complete UCLP including a soft tissue band of less than 5mm (Sandy et 

al., 1998). Cleft care outcomes were evaluated in terms of skeletal relationships and 

interdental arch relationships, alveolar bone grafting, hearing and speech, oral health and 

psychological status, and patient satisfaction (Sandy et al., 1998). The patients were 

recruited by the research team for record collection and the following data were gathered:    

• Audiology and tympanometry. 

• Speech recording. 

• Extra oral photographs 

• Dental study models. 

• Oral health status. 

• Parent and patient satisfaction (12-year-old cohort only). 

• Radiographs of alveolar bone graft (12-year-old cohort only). 

• Lateral cephalogram (12-year-old cohort only). 

Furthermore, recently appointed consultant orthodontists to cleft teams were surveyed to 

assess their experience and training in cleft care (Sandy et al., 1998).   
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2.6.2.2 CSAG Results:  
 
 
Interdental arch and skeletal relationships: The 5-year-old index and the GOSLON index 

were used to assess the AP interdental arch relationship for the 5-year-old and the 12-year-

old cohorts respectively. It was found that 37% of the 5-year-old dental arch models and 

39% of the 12-year-old dental arch models were rated as “poor” or “very poor” (Sandy et 

al., 1998). This indicated that those participants had sufficient interdental arch discrepancies 

that would likely involve orthognathic and orthodontic treatment to achieve a satisfactory 

occlusion. This would be undertaken once facial growth had been completed.  

Cephalometric radiographs were used to assess the AP skeletal relationship of the older 

cohort. It was found that the majority (70%) (Sandy et al., 1998) of the cohort had a skeletal 

class III relationship compared to only 5% of the general population experiencing skeletal 

class III relationship (Todd and Lader, 1988). A shortcoming of the CSAG study was that no 

assessment was undertaken to specifically assess transverse interdental arch relationship 

outcomes.   

 

Quality of alveolar bone graft (ABG) and oral health: The assessment of anterior occlusal 

radiographs for patients who had secondary alveolar bone grafting (SABG), established that 

only 58% of the SABG were scored as successful, 30% were seriously deficient and 12% had 

failed. Fifteen percent of the 12-year-old cohort had not yet been offered a SABG, although 

this surgery was required by all UCLP patients and ideally should be carried out prior to the 

age of 12 years. The outcome of the SABG was scored using a modified Bergland index  to 

assess bony infill (Bergland et al., 1986).   
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Oral health assessments reported 40% percent of the 5-year-old and 20% of the 12-year-old 

had active caries that required treatment.  

 

Psychosocial status, difficulties attending cleft clinics and parent satisfaction: Almost 20% of 

the parents of the 5-year-olds and 28% of the parents of the 12-year-olds felt that their 

child’s confidence had been affected by the OFC. Moreover, 36% experienced difficulties in 

attending cleft clinics and the factors contributed included distance, time off work, 

arranging care for the siblings, and the child with OFC missing school. Despite the other poor 

results revealed in the CSAG report, most parents were satisfied with the ‘care and 

attention’ received by the cleft team and 56% were satisfied with the treatment and 

outcome.  

 

Training of orthodontists: Sixty percent of the recently qualified  orthodontic consultants 

felt their training could be improved by provision of more study days along with treatment 

of more cleft cases.  

 

When the results of the CSAG report were compared with results from other European 

countries, the cleft care within the UK preformed significantly worse in both the interdental 

arch relationships and secondary alveolar bone grafting (Bearn et al., 2001).     

 

2.6.2.3 CSAG recommendations:  
 
 
The following recommendations were made by the CSAG committee (Bearn et al., 2001): 
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• Reduction in cleft units from 57 to 18-15 units to concentrate the resources and 

expertise, with consideration given to population needs and accessibility.  

• The different specialities needed in the cleft team and the necessary standards 

required in respect of process and treatment outcome should be clearly indicated. 

• Trusts undertaking cleft care must have a full range of clinical skills. Furthermore, 

trusts and commissioners need to work together to provide a plan for centralisation 

of cleft services. 

• Clinicians should agree on a database for all cleft patients which will allow for 

comparative studies to be undertaken.  

• All cleft specialists must train at high-volume cleft centers with high-quality 

clinical experience. Furthermore, surgical specialties should establish a 

surgical trainee pathway, given the small number involved in cleft care. 

• Improve the completeness of cleft birth recording in the UK. 

 

2.6.3 Changes made to the cleft care in the UK since the CSAG report: 
 
 
All the CSAG report recommendations were accepted by the UK government and supported 

by the Cleft Lip and Palate Association (CLAPA), which is a charity that supports people born 

with CLP and their families in the UK. The Department of Health established the Cleft 

Implementation Group (CIG) to assist with the execution of the CSAG recommendations 

(Sandy et al., 2003).  

 

Although the recommendations received widespread support, the implementation was 

slow. Many factors contributed to this, although devolution within the United Kingdom (UK) 
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was an early and significant contributing factor (Sandy, 2003). Even though the study was  

UK-based and the recommendations were made for the whole UK population, the CIG had 

jurisdiction only in England. Scotland, Wales, and Northern Ireland were free to set their 

own care protocols (Sandy, 2003). 

 

A further disruption to implementation was the spread of misinformation, misconceptions 

and occasionally mistruth by some clinicians who felt that their units were under threat 

(Sandy, 2003). A main CSAG recommendation was to dramatically reduce the number of 

cleft units to establish high volume cleft centres through centralisation of cleft care. 

Centralisation had  been shown to have a positive impact on cleft care in many European 

countries (Sandy, 2003). 

 

Despite these barriers to implementation, cleft care in the UK today is significantly different. 

The cleft care units have been reduced to 16 cleft centres, or managed clinical networks 

structured on a hub and spoke model for the delivery of cleft care. Each of these centres 

provide a base for the multidisciplinary cleft team and are the surgical hubs supported by 

outreach spoke centres where non-surgical care is provided (Sandy et al., 2012).  Each 

multidisciplinary team is led by a clinical director with a supporting manager, and each cleft 

centre treats at least 80-100 newborns with OFC per year and a consistent surgical protocol 

was introduced. The multidisciplinary team providing the care comprises a variety of 

specialists and the clinicians involved must have completed designated Training Interface 

Group courses and have shown commitment to the care of patients with OFC, as well as 

maintaining good patient records and outcomes. In addition, outcomes must be audited, 
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and an annual report must be provided to the commissioners by the cleft centres (Colbert et 

al., 2015).   

 

2.6.4 Cleft Care UK (CCUK) 
 

Fifteen years after the centralisation, a nationwide multi-centre cross-sectional study known 

as Cleft Care UK (CCUK) was undertaken to assess the impact of the changes made by the 

reconfiguration of cleft services  (Persson et al., 2015).  268 out of the 359 5-year-old cleft 

affected children, born between April 2005 and March 2007 and with a non-syndromic 

UCLP, were included in the study.  The study design and measurements were carried out in 

a similar manner to the original CSAG study to enable valid comparisons to be made 

(Persson et al., 2015), but with some additional outcome measures. The outcomes recorded 

were: 

• Surgical treatment  

• Interdental arch relationship (using the 5-year-old index) 

• Facial aesthetics  

• Oral health (caries and the presence of oral fistula) 

• Audiology and speech  

• Somatic growth  

• Psychosocial factors 

• Health and lifestyle  
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2.6.4.1 Results: 
 
When interdental arch relationships were compared using the 5-Years-Olds’ Index, it was 

found that more than 50% of children included in the CCUK study had good AP interdental 

arch relationships and approximately 20% had poor relationships.  Like the CSAG study, a 

potential shortcoming of the CCUK reporting was that no assessment was undertaken to 

specially evaluate the transverse or vertical interdental arch relationships.  As for facial 

appearance, almost 40% of cleft patients had good facial appearance compared with 32% in 

CSAG (Al-Ghatam et al., 2015). Three factors were considered to account for these 

improvements in the facial and dental outcomes, namely: 

 

1. The caseload each surgeon treats every year had increased significantly since the 

centralisation. Seventeen out of the nineteen surgeons met the aim of treating 40-

50 patient with OFC a year. In comparison, in the CSAG study, only one surgeon 

performed this many repairs.  

2. All cleft surgeons had undergone training in a specialised cleft centre.  

3. The establishment of an audit culture in the UK, which encouraged the cleft team to 

share results and allowed for critical and reflective practise to be achieved.  

 

As for oral health and hearing, the results were rather disappointing since there was no 

difference in outcomes of CCUK compared with CSAG. This was mainly due to the slow and 

incomplete implementation of paediatric dental services and ENT into the cleft MDT 

(multidisciplinary team) (Smallridge et al., 2015).  
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Although the methods used for speech assessment in CCUK were different to those used in 

the original CSAG report, due to evolution within the speciality, the results of speech in the 

CCUK cohort were better than those of the CSAG.  This enhancement was credited to the 

development of MDTs within the cleft service (Sell et al., 2015). Nevertheless, a few children 

with major speech difficulties still existed and the percentage of those children remained 

the same both before and after centralisation. Unfortunately, not all the speech outcomes 

measured were shown to improve following centralisation and these included nasal 

emission, nasal turbulence, hyponasality and lateralisation (Sell et al., 2005).   

 

Poor self-confidence was reported less in the CCUK cohort (8%) compared to the CSAG 

(19%). Furthermore, centralisation had no effect on families’ ability to attend their 

appointments as suggested by those originally opposed to centralisation (Waylen et al., 

2015).  

 

To conclude, although centralisation has been shown to improve most treatment outcomes 

including anterior-posterior interdental arch relationships in patients with OFC, other 

outcomes have failed to improve. Further enhancements and monitoring of the current 

centralisation service are needed to ensure best outcomes for all patients with OFC (Ness et 

al., 2017). The table below summarises the differences between CSAG and CCUK studies in 

terms of methods, measures, demographics, and outcomes. Table 2 is a simplified version of 

the table presented by Ness et al., (2017). 
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Comparison CSAG 1998 CCUK 2015 

Type of study Audit carried out by a study 
team 

Research carried out by 
local teams 

Outcome measures 

Appearance 

 

 

Dento-alveolar arch 

relationships 

  

 

 

Oral health  

 

 

 

Hearing  

 

 

 

 

 

Speech  

 

 

Psychology assessment  

 

 

Photographs  
 
 
Cast models 
 

 

 

Calibrated dental 

examination by 

orthodontists  

 

 

Pure tone audiometry and 

otology assessment  

 

 

Speech recordings 

 

Psychosocial questionnaire, 
18 items; self-confidence 
response was yes/no 
 

 

Digital images  
 
 
Cast models and 
photographs 
 

 

Calibrated dental 

examination by consultant 

paediatric dentist 

 

 

Pure tone audiometry, 

tympanometry and otology 

assessment  

  

Speech recordings  

 

Modified psychosocial 
questionnaire, 8 items; 
self-confidence response 
was 0–10 (0 = very negative 
effect; 5 = no difference; 10 
= very positive effect 
 

Demographics 

Year of birth  

Eligible  

Recruited  

Mean age (yrs) 

 
 

 

1989-1991 

326 

239 

6.4 

 

 

 

2005-2007 

359 

268 

5.5 

 

Outcomes 
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Facial appearance (% good 

or excellent) 

 

Dento-alveolar 

relationships (using the 5 

Year-Olds’Index) (% good or 

excellent) 

(Al-Ghatam et al., 2015) 

 

Oral health (DMFT=0) % 

(Smallridge et al., 2015) 

 

Hearing (none or mild 

hearing loss in better ear) 

% 

(Smallridge et al., 2015) 

 

Speech (no hypernasality) 

% 

(Sell et al., 2015) 

 

Child’s self-confidence not 

affected (%) 

(Waylen et al., 2015) 

32 

 

 

 

30 

 

 

 

 

45 

 

 

 

79 

 

 

 

 

82 

 

 

81 

 

36 

 

 

 

53 

 

 

 

 

48 

 

 

 

78 

 

 

 

 

90 

 

 

92 

 

Table 2: Comparison between CCUK and CSAG study cohorts in outcome considerations, 

demographics, and outcomes. Modified from (Ness et al., 2017).  

  
  



 
38 

2.6.5 Current cleft care pathways in the UK:  
 

Depending on cleft severity, a child born with OFC may need complex long-term treatment. 

There might be life-long effects not only on the affected individuals but also on their 

families.  The principal aims of OFC cleft treatment is to produce as near normal facial 

appearance, oral function when eating, swallowing, and speaking as well as hearing.  

 

The management of OFC is best undertaken using an integrated multidisciplinary approach 

(Cobourne, 2014). A contemporary UK cleft team would usually comprise a cleft surgeon, an 

orthodontist, a speech therapist, a cleft nurse, an ENT surgeon, a paediatrician, a paediatric 

dentist, a restorative dentist, a psychologist, an audiologist, a general dental practitioner, 

and a clinical geneticist (Cobourne, 2014). Orthodontic intervention is usually required at  

different time points during the first 20 years of the affected child’s life, often to facilitate 

interventions by other specialists (Cash, 2012). The milestones in cleft diagnosis and 

treatment will now be described. 

 
 
Pre-birth/ At Birth 
 

The diagnosis of OFC is often, but not exclusively, made during the prenatal screening at 

around 20 weeks (CRANE, 2021). Such a diagnosis can leave the parents in emotional 

distress, especially if the diagnosis is not made until the time of birth. Parents can 

experience very mixed emotions, including shock, anger, grief, guilt and sometimes 

rejection. It is vital that support is given within the first 24 hours of diagnosis, by either a 

psychologist or a cleft clinical nurse specialist (CNS) (Dudding et al., 2023). A baby born with 

OFC can often have difficulties with feeding due to the direct communication between the 
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oral and nasal cavities. The CNS will provide the parents with advice and support to 

overcome any such challenge (Young et al., 2001).  

 

Previously, various forms of presurgical infant orthopedic (PSIO) appliances were commonly 

part of the treatment protocol for individuals with orofacial clefts in the UK. There are 

different types of PSIO available with different mechanics and different treatment 

objectives. Advocates believed that PSIO made primary surgery easier by improving arch 

form, facilitating surgical closure, and therefore improving aesthetics, feeding and speech 

(Grayson and Cutting, 2001; Grayson et al., 1999; Kozelj, 2000; Larson et al., 1993; Millard et 

al., 1999). However, many studies including a Randomised Controlled Trial (RCT), systematic 

reviews and a meta-analysis concluded that PISO did not improve maxillary arch form and 

dimension and did not prevent maxillary arch collapse (Kuijpers-Jagtman and Prahl-

Andersen, 2006; Papadopoulos et al., 2012; Prahl et al., 2001; Severens et al., 1998). 

Furthermore, PISO did not improve occlusion and arch relationship in children with UCLP. In 

terms of cost, it was found that the cost of PISO was significantly higher in treatment groups 

when compared to non PISO group (Kuijpers-Jagtman and Prahl-Andersen, 2006; 

Papadopoulos et al., 2012; Prahl et al., 2001; Severens et al., 1998) and a more recent 

systematic review and meta-analysis recommended not including PSIO as an intervention 

treatment for OFC due to a lack of certainty about its effect on maxillary morphology 

(Dallaserra et al., 2022).   

 

In recent years, an interest has been raised in a new approach to traditional PSIO known as 

presurgical nasoalveolar molding (PNAM). This technique has been reported to be 

successful at improving nasal asymmetry and lip appearance by elongation of the columella 
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and improving the nasal cartilage (Grayson and Cutting, 2001). However, the use of PNAM 

remains controversial with some studies reporting beneficial changes while others not 

(Kornbluth et al., 2018; Shetty et al., 2017). 

 Currently, PNAM and other forms of PISO are not generally undertaken in the UK.  

  

1st year: 
 
 
Primary lip and palate repair are carried out within the first 12 month of life. Usually, the lip 

repair is carried out around 3-6 months and palatal repair around 12 months (Slator et al., 

2022).     

 

Early years (18 months – 5 years): 
 

One of the most common complications of palatal repair is velopharyngeal insufficiency (VI), 

which results from lack of mobility of the soft palate due to scarring or shortness of the soft 

palate (Sell et al., 1999). VI is usually diagnosed by formal speech and language assessment. 

Therefore, a speech and language therapist play a vital role in improving speech in cleft’s 

children. In some instances, speech therapy input may not be enough to improve speech if 

VI is present and a secondary surgery might be needed to re-repair the soft palate (Sell et 

al., 2015). This is usually carried out around the age of 4 once the VI is diagnosed and before 

starting school.  

 

Another complication of scarring of the soft palate is otitis media, which is not only due to 

the distorted anatomy, but also due to the muscle disruption of the soft palate during 

repair, affecting the Eustachian tube function (Flynn et al., 2009). As a consequence, this can 
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result in persistent middle ear infections and affect the children’s ability to hear, which in 

turn can affect the development of speech and language (Bluestone, 1985). It is crucial that 

an audiologist monitors these children around this age to assess if any further interventions 

are needed, which may include the surgical placement of grommets (ventilation tubes) 

(NICE, 2008). An additional complication of palatal repair is the development of a palatal 

fistula, which may require additional palatal surgery with further scarring and disruption of 

future maxillary growth. The presence of palatal fistula has been found to be as high as 31% 

in the UK, (Yang et al., 2020), which is higher than in many other countries (17%) (Hardwick 

et al., 2014).  

 

A dental preventive program for cleft affected children should be established as soon as the 

first primary tooth erupts. Studies have reported that children with clefts have a higher risk 

of caries than non-cleft children (Worth et al., 2017). Therefore, prevention in the form of 

oral hygiene instruction, fluoride varnish, regular checkups and dietary advice should be 

established early on in a child’s life (Smallridge et al., 2015).  

 

It is expected that individuals with OFC will demonstrate delayed eruption of teeth adjacent 

to the cleft side, hypodontia of the lateral incisors and buccal crossbites (Tannure et al., 

2012). However, active orthodontic treatment is not usually carried out in the primary 

dentition.  
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School years (6 – 12 years):   
 

Individuals who are affected by OFC can present with a residual maxillary bony defect 

involving the alveolus, which can leave them with aesthetic and functional problems 

affecting their occlusion. Secondary alveolar bone grafting (SABG) is usually carried out 

around the ages of 8-10 years, before the eruption of permanent maxillary canine, and 

when approximately two thirds of canine root formation has occurred (Martin et al., 2023). 

The surgical procedure involves placing cancellous bone taken from the iliac crest, into the 

cleft maxillary alveolar defect. Usually, a period of orthodontic intervention is needed 

before bone grafting to expand the collapsed maxilla, facilitating surgical access to the cleft 

site for nasal floor repair and placement of bone (Dudding et al., 2023). This maxillary arch 

expansion is usually achieved by means of a quadhelix and establishment of more 

favourable maxillary arch form and transverse dental arch relationships.(Roberts-Harry and 

Sandy, 1992). It is expected that as permanent teeth start to erupt, anterior and posterior 

crossbites might develop due to palatal tissue scarring, which also restricts normal maxillary 

growth in three planes of space, particularly in the lesser segment (cleft side)  (McCance et 

al., 1990). The severity of crossbite reflects the amount of maxillary growth disruption 

following the primary palatal surgical repair (McCance et al., 1990).  

 

A dental preventive program should continue during this stage of dental development. 

Permanent molars should be fissure sealed, oral hygiene should be reinforced, and fluoride 

supplements should be prescribed if appropriate, along with regular dental check-ups 

(Smallridge et al., 2015).
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Teenage Years and Early Adulthood: 
 

Once the patient’s full adult dentition is established, a decision must be made whether 

orthodontic treatment is sufficient to produce a normal occlusion, or a combination of 

orthodontic treatment and orthognathic surgery is needed. Before making any final 

decision, a period of monitoring facial development and growth may be needed, since the 

majority of cleft affected individuals will present with a class III malocclusion due to 

restrictive maxillary development (Dudding et al., 2023). If orthognathic surgery is to be 

performed, then presurgical orthodontic treatment is needed to decompensate and align 

the dental arches. Furthermore, cleft rhinoplasty might be needed in those individuals 

where the nasal aesthetic is poor (nasal tip asymmetry) on the cleft side (Roberts-Harry and 

Sandy, 1992).
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Table 3: Summary of current cleft care surgical pathway in the UK. Surgery beyond the age range above include orthognathic and rhinoplasty 
once facial growth has ceased (Dudding et al., 2023).  

Repair Unilateral cleft 

lip only 

Bilateral cleft lip 

only 

Cleft lip and 

alveolus 

Unilateral cleft lip 

and palate  

Bilateral cleft lip and 

palate 

Isolated cleft of 

secondary palate 

Lip adhesion - - - - 2-4 months - 

Definitive lip repair 3-6 months 4-6 months 3-6 months 3-6 months 6-8 months - 

Hard palate repair 

(with vomer flap) 

- - - With lip repair Unilateral at each stage 

of lip repair 

- 

Complete palate 

repair +/- grommet 

placement 

- - - 9-13 months 9-13 months 9-13 months 

Primary rhinoplasty With definitive 

lip repair 

With definitive lip 

repair 

With definitive 

lip repair 

With definitive lip 

repair 

With definitive lip 

repair 

- 

Alveolar bone graft  - - 8-10 years 8-10 years 8-10 years - 



 45 

2.7 Transverse interdental arch relationships:  
 
 
While the MHBI assesses both anterior and buccal crossbites, this literature review will 

focus on the transverse interdental arch relationship. A study by Al-Ghatam et al., (2015) 

have shown that centralisation has a significant effect on the interdental arch relationship in 

the AP direction, but no study to date has investigated the effect of centralisation on the 

transverse interdental arch relationships.  

 

Transverse interdental arch relationships refer to the buccolingual relationship of the 

maxillary buccal teeth relative to the opposing mandibular teeth. Discrepancies in the 

transverse interdental relationship exist when the maxillary teeth are positioned too buccal 

or too palatal from the normal relationship. These discrepancies are described as a crossbite 

and there are three main descriptors of posterior crossbite used to classify the variation of 

transverse interdental relationships: 

 

• Buccal crossbite: where the buccal cusps of the mandibular teeth occlude buccal to 

the buccal cusps of the opposing maxillary teeth (Littlewood et al., 2019). 

• Scissor/Lingual crossbite: where the buccal cusps of mandibular teeth occlude lingual 

to the lingual cusps of the opposing maxillary teeth (Littlewood et al., 2019).  

• Edge to edge buccal relationship: where the buccal cusps of maxillary and 

mandibular teeth occlude with each other. 

 

Crossbites can either occur unilaterally or bilaterally, affecting a single tooth or multiple 

teeth. Crossbites can reflect an underlying transverse skeletal discrepancy, a discrepancy in 
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tooth position or a combination of the two (Littlewood et al., 2019). In some cases that 

exhibit more severe transverse interdental arches relationships discrepancies, the 

constricted maxillary arches can extend to include the anterior dentition.  

 

When crossbites are present, it is important to clinically check for the presence of a 

mandibular displacement on closure, as this can either simplify or complicate the treatment 

further. A mandibular displacement can be defined as a mandibular deviation to the right or 

left and/or anteriorly on closing from initial tooth contact into maximum interdigitation 

when the mandible is in a retruded position (Littlewood et al., 2019).    

 

There are generally no descriptors used in clinical dentistry to help define or measure the 

extent or frequency of the crossbite discrepancy other than the above. However, a specific 

transverse and anterior segment assessment index scoring of individual maxillary tooth 

position in relation to the opposing tooth has been used in patients with OFC and is known 

as the Huddart Bodenham Index (Huddart and Bodenham, 1979). One of the most common 

occlusal features of patients with OFC relates to maxillary arch constriction, resulting in 

transverse and AP interdental arch discrepancies. The incidence of buccal crossbites in 

patients with a UCLP has been reported to be as high as 96% (Dahl, 1979). The crossbites 

and distortions in maxillary arch form are thought to be due to scarring of the palatal tissue 

following surgical repair, leading to the restriction of the normal transverse growth of the 

maxilla (Karsten et al., 2017). There are also restrictions in the normal downward and 

forward maxillary growth, leading to Class 3 skeletal jaw relationships, often resulting in 

anterior crossbites as well as open bites.  
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2.7.1 The effect of surgical repair on the transverse and anterior interdental arch 
relationships  
 
 
Surgical correction of the cleft lip and palate is required to restore as near to normal 

aesthetics, function, and speech. However, many studies have confirmed the negative effect 

of cleft surgery on the normal growth and development of the midface. A study by Mars and 

Houston (1990), based in Sri Lanka, investigated the impact of surgical repair on patients 

with OFC and compared the outcomes to patients with OFC who had not undergone surgical 

repair.  They reported that patients with unoperated UCLP and those who had received a CL 

repair only had normal maxillary growth, with normal maxillary arch dimensions and normal 

transverse and AP interdental arch relationships. The distortions of the maxillary arch form 

were limited to the teeth adjacent to the cleft site. In contrast, patients who had an early 

surgical repair of the palate experienced a high rate of midface retrusion and constricted 

maxillary dental arch forms. The authors concluded that the maxillary arch constriction for 

patients with repaired UCLP was due to surgical scarring and not due to any inherent growth 

deficiency of the maxilla in these children (Mars and Houston, 1990).  

 

The goals of CLP repair include an anatomical closure of the defect to aid function and 

aesthetics, achieving normal speech outcomes, while limiting any growth restrictions due to 

surgical scarring. Based on these goals, the following principles are observed when 

performing surgical repair: 

• Defect closure 

• Tension-free suturing  

• Restructuring of the abnormally positioned soft palate musculature 

• Soft palate lengthening  
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• Limiting stripped or exposed areas of bone and oral/nasal mucosa that result in 

scarring of the palatal tissues  

• Layered closure of the hard and soft palate  

 

However, there is no one universal repair protocol used to carry out surgical repair. There 

are many different surgical repair techniques used as well as differences in the staging of 

repair, all of which have variable impacts on maxillary growth. Due to the large number of 

confounders including surgeon (experience, training, surgical volume) surgical protocol 

(technique, staging, timing, presurgical procedures) and patient (cleft severity, anatomical 

deficiencies) it has been difficult to determine the ideal surgical repair.   

 

Cleft Lip repair techniques:  
 
 
The repair of cleft lip is usually carried out between the age of 3-6 months. There are three 

main procedures for the correction of a cleft lip, which include the Fisher (used in 53% of 

cases), Millard (used in 15% of cases), and Tennison (used in 3% of cases) techniques (Fell at 

al., 2023).   

 
When the influence of lip repair on maxillary growth was investigated, a study by Filho et al. 

(1996) reported that lip repair can significantly affect the growth of the dentofacial complex 

when compared to a non-operated group with complete UCLP. This finding was also 

supported by a more recent study by Liu et al. (2018) who reported that lip repair in 

patients with or without operated cleft palate experienced maxillary arch constriction, 

which tended to worsen with age. 

 



 49 

Cleft alveolus repair techniques:  
 
 
The most common surgery in the UK to repair the cleft of the alveolus is secondary alveolar 

bone grafting (SABG) and it is usually carried out before the eruption of the permanent 

canines at approximately 8-10 years old. It utilises cancellous bone taken from the iliac 

crest. The advantages of carrying out such surgery are to minimise any potential maxillary 

growth disturbances, to create upper arch integrity and to allow for the development of the 

dentition adjacent to the cleft side.   

 
Cleft palate repair techniques: 
 
 
Repairing the soft palate typically takes place when a child is between 10 and 13 months 

old. While there are various surgical methods for repairing the soft palate, the primary 

procedures in the UK are intravelar veloplasty (used in 94% of cases) and a combination of 

relieving incisions with intravelar veloplasty (used in 44% of cases) (Fell at al., 2023). 

Utilisation of this technique, as well as modifying it and combining it with other surgical 

techniques, has been shown to offer not only a better velopharyngeal competency, but also 

improved middle ear function (Sommerlad, 2003)   

 

When it comes to repairing the hard palate, it is typically done alongside cheiloplasty 

between 3-6 months of age. In the UK, the most commonly used technique is the vomer 

flap, which is used in 84% of cases (Fell et al., 2023). This technique has been shown to have 

reduced interference with maxillary growth due to elimination of dissection on the non-cleft 

side of the hard palate (Hay et al., 2018). 
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Controversies of palatal repair: 
 
 
The ideal surgical repair technique and timing of a surgical closure of the palate has 

remained controversial. This has led to cleft centres developing different surgical and timing 

protocols for palatal repair. It is important to note that surgical timing should enable normal 

speech development and avoid restricting normal maxillofacial growth. Different factors 

need to be considered to determine the ideal timing for primary palatal cleft repair. These 

include the cleft type involved, the patient’s condition and the ability of the cleft team to 

manage any morbidities that might be caused during the surgery (Rautio et al., 2017).  

 

Supporters of early palatal repair advocate for the surgery to be carried out before the age 

of 12 months to aid speech development, since speech begins in children at one year of age. 

Although delaying palatal repair beyond this age might cause less impairment in 

maxillofacial growth, speech development tends to be of poor quality (Heliovaara et al., 

2022).  

 
In the UK, prior to centralisation the surgical palatal repair technique and timing of staging 

of repair varied and most surgeons undertaking the repairs had limited surgical volume. 

Post centralisation studies have reported higher surgeon volume, less variation in surgical 

palatal repair techniques and the timing of the repair. This probably reflected the 

introduction of a common cleft surgical training pathway. However, variations were still 

reported both between different surgeons and by the same surgeon depending upon the 

individual circumstances of the presenting cleft. A recent study by Ozawa et al.(2021), found 

that the major factor that influenced dental arch relationship following UCLP repair was the 
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surgeon experience rather than the techniques used for surgical repair or age of patient 

(Butterworth et al., 2021; Ozawa et al., 2021; Slator et al., 2023). 

 

In summary, the earlier the hard palate repair the greater the amount of maxillary growth 

restriction, but the better speech outcomes. The later the hard palate repair the less impact 

of surgical scarring on maxillary growth (and better dental arch and skeletal relationship 

outcomes), but the speech outcomes are poorer. The actual surgical repair technique 

appears to have little impact on outcomes, but surgical volume of the surgeon has a major 

influence on interdental arch relationship and skeletal outcomes. Repairs of the cleft lip and 

soft palate and the undertaking of SABG surgical repair have limited influence on interdental 

arch relationship outcomes, while hard palate repair and early alveolar bone grafting (ABG) 

have a major influence on these relationships.  

 

2.8 Outcome measures for patients with OFC assessing transverse buccal and anterior 

interdental arch relationships.   

 

2.8.1 Ideal Qualities of Outcome Measures 
 
 
Both the CSAG and the CCUK used outcome measures to assess surgical outcomes of 

patients with complete UCLP. Certain ideal qualities are needed for an outcome measure to 

be widely used. These qualities involve the measure being valid, reliable, cheap, quick, and 

easy to use. Furthermore, it should not ideally require any special equipment or training and 

should be non-invasive (Jones et al., 2016).  
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A reliable measure should be consistent and reproducible. This means that the same results 

should be obtained every time the measurement is repeated by the same person (intra-

examiner) or by different people (inter-examiner). 

 

Assessing an outcome measure's validity gauges how accurately it measures its intended 

purpose. Validating a new outcome measure is more difficult than testing its reliability 

because it requires a standard to compare against. If a gold standard is not available, 

consensus or face validity can be determined by comparing results with expert opinion in 

the field. 

 

Many outcome measures are available for cleft care assessments. This is due to the 

different specialities involved in cleft care and the available outcome measures rarely being 

perfectly valid or reliable. Furthermore, different clefts cannot always be evaluated using 

the same measurement outcome due to different treatments and confounding complexities 

present. Most indices found in OFC literature are used to assess UCLP patients. This is 

because UCLP involves the care of the lip, alveolus and palate defects, meaning that it can 

indicate the outcome across the whole of cleft care. 

 

The main outcomes used to assess cleft care include cleft surgery repair, facial growth, 

hearing, speech, nasolabial aesthetics, dental, secondary alveolar bone grafting, 

orthodontic, quality of life and patient satisfaction outcomes. For this literature review, the 

outcome measures of interdental arch relationships will be focused on, since there is limited 

information regarding the outcomes of transverse and AP interdental arch relationship 

following centralisation. The differences in outcomes between CSAG and CCUK children can 
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be related to their surgical experiences. For example, in the CSAG study, most surgeons had 

a low volume of operations, were working in isolation without the support of a MDT and 

had different protocols. Whereas in the CCUK study following centralisation, the opposite 

was true.   

Assessing the dental arch relationship as early as possible will provide information about the 

impact of surgical repair on the patient’s occlusion, function, and aesthetics, and whether 

further intervention is needed to overcome the unwanted side effects of the initial surgery.  

 

2.8.2 The GOSLON Yardstick: 
 

The first interdental arch outcome measure that was widely adopted was the Great Ormond 

Street, London and Oslo, Norway Yardstick, known as the GOSLON Yardstick (Mars et al., 

1987). The measurements were made on patient’s study models in the adult dentition stage 

around the age of 12, as the authors considered this is the age at which both skeletal and 

occlusal problems are most evident, and at which time the definitive orthodontic and 

surgical treatment are planned.  

 

Although the GOSLON Yardstick assesses the interdental arch relationships, it was 

developed as a default assessment of the primary cleft surgery outcomes categorising the 

AP position of the maxilla for patients with UCLP. The Yardstick scoring is indicative of 

restricted maxillary growth, and its development was based on the features that posed the 

greatest difficulty for correction with orthodontics and /or surgery. Hence the AP 

relationship was considered to be of greatest clinical importance, followed by the vertical 

and finally the transverse relationships. For instance, in the AP dimension, a Class III incisor 
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relationship was deemed less satisfactory than a Class II division 1 incisor relationship in the 

early permanent dentition stage. Similarly, a deep overbite and the absence of a crossbite 

were considered more desirable than a reduced overbite and a unilateral crossbite (Mars et 

al., 1987).  

 

To develop this Yardstick, four orthodontists ranked 30 sets of study models of patients with 

UCLP that were selected from The Hospital for Sick Children at Great Ormond Street, and 

which represented the full range of interdental arch relationship outcomes i.e., excellent to 

very poor. These models were ranked by severity of discrepancy and anticipated degree of 

difficulty to correct. Following the ranking it was apparent the cases could be divided into 

five groups according to Mars et al., (1987): 

 

• Group 1- Excellent: desirable outcomes which might need simple orthodontic 

treatment or no treatment at all.  

• Group 2- Good: desirable outcomes which might need straightforward orthodontic 

treatment or no treatment at all. 

• Group 3- Fair: more complex orthodontic treatment would be required but 

reasonable results should still be achieved. 

• Group 4- Poor: borderline orthodontic treatment with surgery possibly needed to 

achieve full correction of skeletal deformity if present following growth completion. 

• Group 5- Very poor: the least desirable outcomes with orthognathic surgery needed 

to correct skeletal malformation. 
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Representative models from each of the five groups were then chosen as a template model 

set to offer reference for use when categorising other study models within the above 

groups.  

 

The Yardstick was then tested on 55 study models retrieved from the Oslo Cleft Lip and 

Palate Clinic of patients with UCLP, who were in their early permanent dentition stage. Four 

orthodontists applied the index to the 55 models on 2 separate occasions. Reliability was 

tested using the Spearman’s rank correlation coefficient which was found to be high. 

Unfortunately, using correlation coefficient statistical test to examine the intra and inter-

examiner reliability was not appropriate, as the Yardstick is a categorical scale (Bland and 

Altman, 1986).  

 

Having said that, many studies have demonstrated its reliability (Mølsted et al., 2005; 

Hathaway et al., 2011). Furthermore, since the publication of the Yardstick scoring system, 

its effectiveness has been proved by many studies (Mars et al., 1992; Noverraz et al., 1993; 

Hathorn et al., 1996). The downside of using the Yardstick remains to be its inability to 

assess 5-year-old patients with UCLP and to evaluate the vertical and transverse dimensions 

the same way it does for the AP (Mars et al., 2006).   

 

2.8.3 Measuring overjet: 
 

In 1994, Morris et al, tried to simplify the GOSLON Yardstick index by assessing the most 

crucial factor when using the Yardstick for scoring study models, which is the overjet (OJ). 

They reported that measuring the OJ alone gave the same score as the GOSLON Yardstick in 

87% of the cases (Morris et al., 1994). The study measured the OJ by measuring the distance 
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parallel to the functional occlusal plane from the mid incisal edge point of the non-cleft side 

upper central incisor to the mid incisal edge point of the lower incisor (Morris et al., 1994).  

The study then calibrated the OJ with the GOSLON Yardstick. For example, if the OJ was 

greater than 6.5mm this would equate to a GOSLON score of 1. If the OJ score was < -5.8 , 

this would equate to a GOSLON score of 5.  This demonstrated the importance placed by the 

Yardstick on the AP interdental arch relationship and the lack of weighting for adverse 

transverse and vertical interdental arch relationships. Despite the simplicity of just 

measuring the overjet, its validity and reliability has been questioned (Jones et al., 2016), 

because there is no acknowledgement of the transverse and vertical dimensions. 

Furthermore, accurate measurement of OJ might not always be possible, such as in cases 

with an anterior open bite, incisal wear or missing anterior teeth (Jones et al., 2016).  

 

2.8.4 The EUROCRAN index 
 

The EUROCRAN index was created with four interdental dental arch relationship assessment 

categories (EUROCRAN Index Group, 2007). In addition, a second ranking system, which 

considers palatal morphology, was also included to aid in more precise discrimination 

between results. Two versions of the index have been produced, the 5-year-old and the 9-

year-old. It has been reported that the EUROCRAN index has acceptable inter and intra 

examiner reliability scores for dental arch assessment, and moderate scores for palatal 

morphology assessment (Fudalej et al., 2011; Altalibi et al., 2013)   

 

Despite the potential benefits of this index, it has not gained widespread acceptance due to 

unproven validity and low reliability scores. Furthermore, it is more complex to learn, more 
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time-consuming to carry out and it has an element of subjectivity when it comes to 

assessing the palatal vault (Haque et al., 2015).  

 

2.8.5 The 5-Year-Olds’ Index:  
 

Although the GOSLON Yardstick was beneficial in assessing the primary surgery outcomes in 

the AP dimension, two main issues were identified, namely: Firstly, the surgeons had to wait 

at least ten years to observe standardised interdental arch relationship outcomes from their 

treatment. Secondly there was the risk of not directly recording the outcomes of primary 

surgery as a result of the patient having already received orthodontic treatment or 

secondary alveolar bone grafting by the time records were taken to measure the outcome 

using GOSLON at age 12 years (Southall et al., 2012). In 1997, Atack et al. developed an 

index that was based on similar concepts to GOSLON, with similar reliability and 

reproducibility that could be used at five years of age. This index became known  as the 5-

Year-Olds’ Index (Atack et al., 1997a) . Twenty-seven sets of study models were examined at 

ages 5 and 10. The GOSLON Yardstick was applied to score the models at both ages. Where 

the Yardstick scores were consistent between ages 5 and 10, two sets of study models were 

selected to represent the five groups identified by the GOSLON Yardstick. These models 

were used as reference points when comparing them to the 5-Year-Olds' index. The criteria 

used for scoring models using the 5-Year-Olds’ index is shown in the Table 4: 
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Groups General features Predicted long-
term outcome 

1 • Positive overjet with average inclined or 
retroclined incisors. 

•  No crossbites/openbites 

• Good maxillary arch shape and palatal vault 
anatomy 

Excellent  

2 • Positive overjet with average inclined or 
retroclined incisors 

•  Unilateral crossbite/ crossbite tendency  

• +/- Openbite tendency around cleft site 

Good  

3 • Edge to edge byte with average inclined or 
proclined incisors 

• Reverse overjet with retroclined incisors 

• +/- Openbite tendency around the cleft side 

Fair  

4 • Reverse overjet with average inclined or 
proclined incisors 

• Unilateral crossbite +/- bilateral crossbite 
tendency  

• Openbite tendency around the cleft site 

Poor  

5 • Reverse overjet with proclaimed incisors 

• Bilateral cross bite 

• Poor maxillary arch form and palatal vault 
anatomy 

Very poor 

Table 4: 5-Year-Olds’ index criteria for assessment of UCLP primary surgical outcomes. 

Reproduced from Atack et al., 1997.  

 
In order to test the reliability and validity of the 5-Year-Olds’ Index, 60 patients were chosen 

from the Oslo CLP growth archive and Southwest of England audit. The inter and intra-

examiner agreement was tested using weighted kappa statistics. This statistical test 

demonstrated excellent agreement for the intra-examiner reliability and was more variable 

for the inter-examiner reliability (Atack et al., 1997b). However, a study investigating the 

predictive validity of dental arch relationships using the 5-Year-Olds’ index once the patients 

reached adulthood reported poor predictive validity for those models graded in groups 4 

and 5 (Pegelow et al., 2021). However, the 5-Years-Olds’ Index was developed to assess the 
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outcome of primary surgery rather than predicting the final interdental arch relationship 

outcomes in adulthood. 

 

The 5-Year-Olds’ Index has been well accepted and used in several studies (Johnson et al., 

2000; Williams et al., 2001; Flinn et al., 2006). However, there have been a number of 

criticisms of the index (Mars et al., 2006). For example, the authors of the 5-Year-Old’s Index 

have categorised an edge-to-edge bite within category 3 (fair), while this type of bite is 

considered normal in the primary dentition of a 5-year-old. However, this point was 

addressed in a recent modified version of the 5-Year-old index. The authors stated that an 

edge-to-edge bite with no posterior crossbite should be placed in category 2 instead of 

category 3 (Mittal et al., 2019).  

 

In 2006, Mars et al. carried out a study in which they scored study models of 5-year -olds 

using the GOSLON Yardstick and 5-Year Olds’ Index, followed by an assessment of the same 

patients at the age of 10 by using the GOSLON Yardstick only. The study concluded that 

using GOSLON Yardstick for assessing five-year-old patients is more reliable and has a better 

predictive validity than the use of the 5-Year-Olds’ Index. However, a few modifications to 

the GOSLON Yardstick would be required to be appropriate for testing 5-year-old patients.   

 

In summary both the GOSLON Yardstick and the 5-Year Old’s Index are appropriate as 

outcome measures for AP inter dental arch relationships following primary surgery in 

children with UCLP. However, both have received similar criticism in terms of using 

categorical scoring; both requiring a calibration course for competent use; both needing a 
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degree of professional (orthodontic) judgment, which introduces an element of subjectivity; 

and finally, the need for reference models when scoring (Mossey et al., 2003).  

 

To address these issues and to introduce more objective outcome assessments the Modified 

Huddart-Bodenham index (MHBI) has been proposed. The MHBI allows for measurements 

to be carried out in the primary, mixed and permanent dentitions and as such has greater 

versatility (Mossey et al., 2003; Gary and Mossey, 2005; Dobbyn et al., 2012). These studies 

have found the modified Huddart and Bodenham scoring system to be reliable, objective, 

versatile and more sensitive when compared to the GOSLON Yardstick and the 5-Year Olds’ 

Index (Jones et al., 2016). Furthermore, the MHBI scoring system has been shown to be 

appropriate for the creation of fully automated scoring software (Martin et al., 2016) and 

has been validated on plaster models, digital models and  photographs obtained from 

intraoral scanning (Gray and Mossey, 2005; Dobbyn et al., 2012). 

 

2.8.6 Modified Huddart-Bodenham Index: 
 

This index can be used to assess both the transverse and AP interdental arch relations and 

was first described in 1972 for use in 5-year-old UCLP affected individuals in the primary 

dentition (Huddart and Bodenham, 1972). The index uses the severity and frequency of 

crossbite to assess maxillary arch restriction in relation to the opposing dentition and 

includes both the anterior and buccal segments. Each maxillary tooth (except the lateral 

incisors) is scored (-3 to +1) according to its buccolingual / labial palatal relationship with the 

corresponding tooth in the mandible. The maxillary deciduous lateral incisors were not 

included due to them often being absent or severely displaced. If a scissor bite is present a 
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positive grade is given, whereas a buccal crossbite is given a negative grade. The higher the 

positive score, the more desirable the outcome is and vice versa for the negative score. This 

index has been modified (MHBI) by Mossey et al., (2003) by taking the following points into 

consideration: 

 

• Premolars should be scored in a similar manner to primary molars. 

• If a central incisor is missing, then the other central incisor is used to score it  

• If a premolar is missing, then it is scored based on the neighbouring premolar. If both 

are missing, then the score is given based on the relationship between the midpoint 

of the ridge, in the site of the missing premolars, with opposing tooth. 

• Before age of 6, the permanent molars are not scored, even if erupted. After the age 

of 6, they should be scored, and if missing, the midpoint should be used in a similar 

manner to that mentioned previously.   

 

The MHBI scores the occlusion in a similar manner to the original HBI but makes 

allowance for the presence of permanent teeth as well as providing an increased scoring 

range for the teeth in the buccal segments. This allows for a greater range of segment 

scores and total arch scores (Mossey et al. 2003).    

 
Previous findings using MHBI: 
 
 
This index has been shown to have several advantages, including: 

• Objectivity and simplicity. Not only is it objective and simple to use, but 

requires no calibration or reference models (Tothill and Mossey, 2007). In 
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addition, it has been suggested no clinical experience is necessary to use this 

index efficiently (Mossey et al., 2003). 

• Versatility. It can be used on the study models of patients of any age and has 

previously been used for other cleft phenotypes i.e. BCLP/CP, as well as 

UCLP.  

• Sensitivity. It is an ordinal scale facilitating parametric statistical analysis 

(Tothill and Mossey, 2007).  

• Digital recording. It is possible to use this index on scanned digital images 

(Martin et al., 2016) and artificial intelligence (AI) has been used to 

objectively score the models, further improving reliability (Woodsend et al., 

2022).  

 

Recently, attempts have been made to develop fully automated dental landmarking and 

scoring software using the MHBI scoring system (Woodsend et al., 2022).  When compared 

to manual scoring, it was found that both had similar results. However, operator 

intervention was still required to identify the dental landmarks required when using the 

MHBI. Furthermore, the software was able to identify the primary and permanent dentition 

only, but not the mixed dentition and so was not user-friendly. Once these shortcomings 

using AI have been addressed, it should lead to more accurate and reproducible MHBI 

scoring.  Table 5 shows a summary of the articles that compared the MHBI with other 

indices and their findings:  
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Articles Index 

evaluated 

Criteria 

evaluated 

Results 

Mansudprasti 

et al (2011) 

MHBI vs 

GOSLON 

Yardstick 

Reliability  Using GOSLON Yardstick was faster than 

MHBI in assessing study models. However, 

the MHBI provided more specific 

information about the location of the 

occlusal discrepancy.  

Patel (2011) MHBI vs 

EUROCRAN 

Reliability 

and 

simplicity 

Although using EUROCRAN was faster to 

score the models, MHBI was more reliable, 

simple, and straightforward.  

Tonthill and 

Mossey 

(2007) 

MHBI Reliability  MHBI is a useful measurement tool in 

assessing maxillary arch constriction in all 

cleft types. 

Mossey et 

al., (2003) 

MHBI vs 

GOSLON and 5-

Year-Olds’ 

index 

Reliability 

and 

validity  

MHBI is more objective, reliable, and simple 

than the GOSLON and the 5-Year-Olds’ 

index.  

Garry and 

Mossey 

(2005) 

MHBI vs 

GOSLON 

Yardstick and 

5-Year-Olds’ 

index 

Reliability  High degree of correlation existed between 

MHBI and GOSLON Yardstick.  

 

Both GOSLON and 5-Year-Olds’ index were 

subjective and required calibration whilst 

the MHBI doesn’t.   

 

Dobbyn et 

al., (2012) 

MHBI vs 

GOSLON 

Yardstick and 

5-Year-Olds’ 

index 

Reliability  MHBI was simpler, more objective and did 

not need calibration. 

 

MHBI was more versatile as it can be used 

to assess all cleft types.  

 

MHBI is based on crossbites and does not 

taken into consideration the vertical 

discrepancy nor the skeletal bases. 

Table 5: Summary of the articles that compared the MHBI index with other indices and their 

findings (Altalibi et al., 2013). 
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Although a useful index, the MHBI it is not without drawbacks. For instance, it scores 

transverse discrepancies higher than AP discrepancies. This is unlike the other indices, which 

place a greater emphasis on AP, which might be considered more challenging to treat and 

more reflective of maxillary retrusion. Furthermore, the MHB does not consider either 

vertical discrepancies or incisor inclinations and so does not attempt to score the underlying 

skeletal base.  Nevertheless, a systematic review by Altalibi et al., (2013) concluded that the 

MHBI outperformed all the other cleft indices in all of the WHO criteria for an ideal index. 

Furthermore, they recommended that the MHBI should become the index of choice for 

assessment of interdental arch relationship outcomes in all cleft phenotypes.   

 

Summary of outcome measures using dental models for patients with OFC: 

 

A comparison of the 5-Year-Olds’ Index, GOSLON Yardstick, Modified Huddart-Bodenham 

Index, EUROCRAN and Overjet was carried out in terms of reliability, validity, and ease of 

use (Jones et al., 2016). It was found that: 

 

• The GOSLON Yardstick was easier to use and less time-consuming in assessing 

primary UCLP surgery in the mixed and early permanent dentitions than the 5-Year 

Olds’ index. However, using the 5-Year Olds’ index in the primary dentition was 

recommended since has approved validity and allows earlier audit of primary cleft 

surgery to be carried out. 

• Due to the unproven validity and the low-reliability scores, neither the EUROCRAN 

nor overjet indices could be recommended as an outcome measure to assess 

primary surgery outcomes.  
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• Finally, the Modified Huddart-Bodenham Index scoring system was the most reliable 

and objective outcome measure for assessing the primary surgery outcomes 

compared to the other four indices. Furthermore, its validity has been proven in the 

primary dentition but remains under question when used in the mixed dentition.  

 

Although transverse interdental assessments are used within the 5-Year-Old Index, GOSLON 

Yardstick and EUROCRAN Index, there is no formal assessment of the transverse interdental 

relationship, as in the MHBI. This makes the MHBI a unique outcome measure for patients 

with cleft, and to date this has been overlooked by previous investigators involved in the 

original CSAG and CCUK studies.  

 

2.9 Comparing CSAG and CCUK interdental arch outcomes using dental study models: 
 
 

2.9.1 Comparative 5-Year-Olds’ Index outcomes 
 
 
A study conducted by Al-Ghatam et al. in 2015 examined the outcomes of interdental arch 

relationships after centralisation, using the 5-Year-Olds' index. The study found that more 

than 50% of the CCUK cohort had good or excellent dentoalveolar outcomes (groups 1 and 

2), while around 20% had poor outcomes (group 4 and 5). In contrast, less than 25% of CSAG 

cohort had good outcomes, and over 36% had poor outcomes. This highlighted the 

significant improvement in interdental arch relationship outcomes since the introduction of 

centralisation (Al-Ghatam et al., 2015). 
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2.9.2 Comparative maxillary arch width dimensions outcomes  
 
 
Although the changes in interdental arch relationships were investigated in the CCUK study, 

changes in actual maxillary width and form measurements were lacking until a recent study 

by Molyneaux et al. (2022).  The Molyneaux study retrospectively investigated the changes 

in transverse maxillary arch dimension and form between CSAG and CCUK 5-year-old dental 

models. They reported clinically and statistically significant differences between CSAG and 

CCUK groups for the intermolar maxillary arch width and for buccal cleft segment, but not 

the buccal-non cleft segment (Molyneaux et al., 2020). The assessment in that study was 

undertaken using the 3D scans of the original plaster maxillary models for each CSAG and 

CCUK patient.  Both angular and linear measurements were recorded including intercanine 

and intermolar width, the canine and second primary molar distance to the midline, the 

depth of the anterior and posterior palate, and finally, arch length and form (Molyneaux et 

al., 2020). Unfortunately, neither cleft laterality nor gender differences were investigated.  

Although the study reported positive improvements for the CCUK model measurements, 

there were surprisingly small differences reported between the CSAG and CCUK with the 

mean intermolar distance 1.23 mm wider in the CCUK cohort. This was of limited clinical 

relevance due to the lack of reference to opposing mandibular arch dimensions. The 

positive changes reported by Molyneaux et al. for CCUK maxillary arch dimensions were not 

reflective of the improved interarch relationships assessed by the 5-Year-Old-Index using 

the same models.   

 

To date, no study in the UK has investigated the changes in the interdental arch transverse 

buccal and anterior relationship following the centralisation of cleft care using the MHBI. 



 67 

 

2.10 Summary of literature review  
 
 
Treatment outcomes of children with UCLP have changed significantly for most outcome 

measures within the UK since centralisation of cleft care, which followed the 

recommendations of the CSAG study. Since centralisation, many studies have been 

undertaken to assess the effect of the changes in cleft care (Al-Ghatam et al., 2015; 

Smallridge et al., 2015; Sell et al., 2015; Waylen et al., 2015; Molyneaux et al., 2022). 

However, of those studies, only one has investigated the effect of centralisation on 

maxillary arch form dimensions (Molyneaux et al., 2022) and none have been undertaken to 

compare transverse interdental arch relationship outcomes.  
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3.0 Research Question, Aims and Objectives: 

 

Research question:  

What are the transverse and anteroposterior interdental arch outcomes of 5-Year-Olds born 

with a complete UCLP following the centralisation of cleft services within the UK using the 

MBH Index? 

 

3.1 Aims: 

To determine if the transverse and anteroposterior interdental arch relationships of children 

with a complete UCLP, as determined by the MHBI, have improved following the 

centralisation of the cleft care pathways in the UK. 

 

3.2 Objectives: 

• The primary objective was to investigate the transverse and anteroposterior 

interdental arch relationship outcomes of 5-year-old children with UCLP treated 

before and after the centralisation of cleft services in the UK using the MHB index.  

 

• The secondary objectives were to investigate the influence of gender and cleft 

laterality on the MHBI assessment of 5-year-old children with UCLP.   

 

• The third objective was to assess the reliability between bench scanning and 

handheld scanning when assessing models of 5-year-old children with UCLP using 

the MBH index.   
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Null Hypothesis:  

There is no difference in the transverse interdental arch relationship outcomes of 5-year-old 

children with complete UCLP treated before and after the centralisation of cleft services in 

the UK, when assessed with the modified Huddart and Bodenham Index.  
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4.0 Materials and Methods: 
 

4.1 Materials: 
 

• 5-year-old maxillary and mandibular plaster orthodontic study models from the 

CSAG study (number = 106)  

• 5-year-old maxillary and mandibular plaster orthodontic study models from the 

CCUK study (number = 199)  

• 3Shape R750TM Orthodontic 3D Scanner – 3Shape HQ, 3Shape A/S, Holmens Kanal 7, 

1060 Copenhagen, Denmark  

• 3Shape TRIOS 3 Move + intra-oral scanner 

• OrthoAnalyzerTM 2019 software – ESM Digital Solutions, ESM Digital Solutions Ltd., 

Unit 4, Broadmeadow Hall, Applewood, Swords, Co. Dublin, K67 Y5F2, Ireland  

• Plastic boxes were used to store and transport study models from Bristol to Bath for 

scanning. 

• Customised scoring spreadsheet for MHBI was formulated in Microsoft Excel™ 2021 

Microsoft Corporation, Redmond, WA, USA  

• Instruction sheet for MHBI was printed on A4 paper as reference when carrying out 

the assessment. 

• All results were entered to Microsoft Excel™2021 spreadsheet – Microsoft 

Corporation, Redmond, WA, USA  

• Stata, StataCorp 2019. Stata Statistical Software: Release 16. College Station, TX: 

StataCorp LLC.  
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4.2 Permission: 
 
This research project was submitted to the Research and Ethics Department at the 

University of Bristol and was classified as a project that required no ethical approval 

(Appendix II). The sample used in this project were maxillary and mandibular orthodontic 

study models of five-year-old patients with UCLP used in the CSAG (Sandy et al., 2001) and 

CCUK (Persson et al., 2015) studies. The research ethics committee required no ethical 

approval when the CSAG study was carried out as it was considered an audit project.  As for 

the CCUK models, permission to use the required Cleft Care UK data was granted by the 

Cleft Care Management Group and the CCUK and CSAG study team at University of Bristol 

NHS Foundation Trust (Appendix III). Data collected by the original CCUK study was carried 

out with ethical approval (REC reference number: 10/H0107/33, Southwest 5 REC) and 

consent was obtained prior to model collection.  
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4.3 Index used in this study: 
 
 
The Modified Huddart-Bodenham Index (MHBI): 
 
 
This index divides the maxillary arch into two buccal segments (the cleft and non-cleft 

buccal segments) and an anterior (labial) segment (Figure 3). Each buccal segment consisted 

of a deciduous canine and first and second primary molars, whereas the anterior segment 

consisted of the deciduous central incisors only. The maxillary deciduous lateral incisors 

were not included due to their frequent absence. A numerical score was determined for 

each maxillary tooth relative to the opposing mandibular tooth with the models in occlusion 

as illustrated in Figure 4 (Huddart and Bodenham, 1972), although it was the MHBI (Figure 

4) that was used in this study. As described previously, the modified index used the 

following:  

• If a central incisor was missing, then the other central incisor was used to score it. 

• If a deciduous molar was missing, then it was scored based on the neighbouring 

deciduous molar. If both are missing, then the score was given based on the 

relationship between the midpoint of the missing deciduous molar ridge and the 

opposing tooth. 
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Figure 3: Huddart and Bodenham Index Segments (Huddart and Bodenham, 1972) 

 

Each model had a potential maximum total arch MHBI score ranging from -24 to +8, with a 

more negative score representing a more severe transverse and AP interdental arch 

relationship. Using this index normal occlusal relationships were scored 0; an edge-to-edge 

occlusion was scored -1: a crossbite with contact was scored -2; a crossbite without contact 

was scored -3; while an increased overjet or buccal occlusion scored +1. Separate segment 

scores were obtained for anterior, buccal non cleft side and buccal cleft side, with a total 

arch MHBI score derived from combining the anterior, buccal non-cleft side and buccal cleft 

side segment scores (Figure 4).   
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Figure 4: The Modified Huddart and Bodenham Index (MHBI) scoring guide (Mossey et al. 

2003) 

 

 
The instruction sheet for assessors used in this study was based on that used by Jones et 

al. (2014). It included model illustrations of the various degrees of crossbites in order to 

help explain how the scoring system worked as well as clear descriptors of the scoring 

options.   
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4.4 Methodology: 
 
 

4.4.1 Scanning and randomisation of sample: 
 
 
Maxillary and mandibular plaster orthodontic study models of five-year-old patients with 

complete UCLP (with a soft tissue band of less than 5mm) were identified from the CCUK 

and CSAG model archives held at Bristol Dental School. All models were trimmed to a wax 

bite taken at the time of the impressions to accurately reflect the true interdental arch 

relationship. All were previously given a unique identifier number specific to each study 

(CSAG and CCUK) to protect and anonymise patient information. These unique identifier 

numbers were then used to link new study reference numbers for blinding of the assessors 

to the origin of the models and to allow for sample randomisation.  

 

A single researcher (BA) scanned and digitally articulated all study models over a four-week 

period.  Models were scanned randomly using 3 Shape R750™ desk top laboratory laser 

scanner. The scanned models were then checked for correct orientations and accuracy of 

articulation with the original plaster models. Five of the scanned models had to be 

rescanned using 3 Shape TRIOS intra-oral scanner due to the inability to accurately capture 

the correct articulation of the plaster models within the 3 Shape R750™ scanner. The TRIOS 

intra-oral scanner allowed greater versatility to correctly record the articulation for these 

five models. To ensure accuracy of the scanning of the models, the 3 Shape R750™ scanner 

was calibrated weekly to ensure a 0.2mm degree of accuracy using the manufacturer 

calibration wizard. As for the TRIOS intra-oral scanner, a 2-stage calibration was carried out 

weekly as per manufacturer guidelines.  
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Figure 5: Example scanned model with poor anatomical detail preventing correct 

articulation for MHBI scoring.   

 

Once all models were scanned and calibrated, a dental data manager assigned random 

study identification numbers to the digital files using a random number generator 

(https://www.randomcodegenerator.com/en/generate-codes). These files were uploaded 

into the OrthoAnalyzer™ software programme to aid model viewing and scoring. Two 

scanned models had to be eliminated from the assessment, one due to the poor quality of 

the original cast model and insufficient capture of anatomical detail to enable transverse 

and AP interdental arch assessment (Figure 5), while the other was eliminated due to a lack 

of dentition and difficulties establishing the correct interdental arch relationship (Figure 6).    
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Figure 6: Example of a digital model where the presence of insufficient anatomical detail 

prevented scoring individual maxillary teeth accurately.    

 

4.4.2 Model scoring: 
 
 
Prior to scoring, both assessors (BA/PF) undertook a calibration exercise using 15 digital 

study models of patients with UCLP unrelated to the CCUK and CSAG sample. The 

assessment was carried out independently using the same MHBI instruction sheet.  Once 

completed, both assessors compared their MHBI scores and where differences were noted, 

each assessor discussed their interpretation of the scoring criteria to reach a consensus for 

future scoring.     

 

A customised MS Excel sheet was formulated with all the scanned models randomised by 

their study reference number for the entry of the MHBI scoring. Scores were entered 

directly into the MS Excel sheet for each maxillary tooth within each of the anterior, buccal 

cleft and non-buccal cleft side segments.  Automatic summation of the segments and total 

arch MHBI score was carried out within Excel. Both assessors carried out their assessments 
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independently, viewing the digital models on the same laptop and using the same digital 

viewing software (OrthoAnalyzer™) settings. The software allowed for 3D manipulation of 

the models and magnification as well as the viewing of the occlusal surfaces for tooth 

identification.  

 

4.4.3 Reproducibility 
 
 
Once both assessors had completed their scoring of the entire sample, 30 models were 

randomly chosen for repeat scoring. The repeat assessment was carried out four weeks 

after the first assessment with scoring entered in a separate Excel file.  The repeat scoring 

sample equalled 10% of the total sample number which allowed for intra- and inter assessor 

reliability to be tested. 

 

Furthermore, since two different scanners were used, one a laboratory bench top scanner 

and other a handheld intra oral scanner, a reproducibility assessment within and across the 

two methods had to be carried out. This was achieved by hand scanning 29 randomised cast 

models using 3 Shape TRIOS intra-oral scanners. The repeat assessment was carried out two 

weeks after the initial assessment by one assessor (BA), and data were entered on a 

separate MS Excel sheet. 

 

4.4.4 Sample size calculation    
 
 
It was calculated that a total sample size of 140 participants (70 per group) would give a 

power of 80% with 5% significance level to detect a true difference in transverse dental arch 

relationship total arch MHBI scores greater than 1.58. The sample size was determined by 
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ClinCalc.com (Kane, 2018) using total MHBI arch scores differences reported by Mikoya et 

al. (2015) who investigated two groups of five-year-old Japanese children with UCLP.  The 

study investigated 68 participants who were grouped according to two different surgical 

repair techniques undertaken (Group 1 n=31; Group 2 n=37). They reported significant 

differences in mean total arch MBHI scores between Group 1 ( -6.43 +/-3.34) and Group 2 (-

8.01 +/-4.29). Their study concluded that the interdental arch relationship was better for 

those who had undertaken a two-stage repair (Group 1) than those who had undertaken a 

one-stage repair (Group 2). 

 

4.4.5 Gender and laterality 
 
 
Participant demographic data (sex and date of birth) was obtained from the data manager 

of the CSAG and CCUK studies. This data was collected from clinical notes at the time the 

respective studies were initiated and recorded on master data spreadsheets along with 

unique study participant identification coding. Cleft laterality was determined by the main 

author (BA) after conducting the clinical examination of the scanned study models and was 

confirmed by an experienced orthodontic consultant (PF). Sex, date of birth and laterality 

data were entered into a master Excel sheet used in this study. 

 

4.5 Statistical analysis: 
 
 
The data were analysed using Stata version 16 (Stata Corp, College Station, Texas, USA) with 

a predetermined level of significance set at α = 0.05.  

 

Intra- and inter-rater reliability for the MHBI: 
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Intraclass correlation coefficients (ICC) were used to assess the levels of inter- and intra-

examiner agreement using the MHBI with the laboratory scanned images. In addition, it was 

used to assess the agreement when the models were hand scanned versus lab scanned. In 

each case, 30 and 29 models were assessed respectively over two assessments with a four-

week period between the 1st and 2nd cycles. 

 
Comparison of interdental arch relationship, CSAG vs CCUK:  
 
 
Ordered logistic regression was used to test if there was statistical evidence of better 

outcomes for CCUK when compared to CSAG. The comparison between CCUK and CSAG was 

divided into 4 scores: 

1. Anterior segment scores  

2. Buccal cleft segment scores  

3. Buccal non-cleft segment scores  

4. Total arch MHBI scores  

Ordered logistic regression was also used to investigate if there was any effect of gender or 

laterality in each case.  
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5.0 Results: 
 
 

5.1 Demographic characteristics of the study sample: 
 
 
A total of 344 5-year-olds’ orthodontic models with UCLP were retrieved from the 

CCUK/CSAG record archive located at the University of Bristol dental school. Model 

identification coding of 35 models could not be accurately determined, while 4 CCUK and 3 

CSAG models were found to be incomplete. This resulted in the assessment of 302 models 

made up of 195 CCUK, and 107 CSAG 5-year-olds’ orthodontic study models.  The CCUK 

cohort had missing data relating to gender (n=4) and age (n=6), while the CSAG cohort had 

missing data relating to age (n=5).  Both cohorts had similar distribution for gender, while 

the mean age of the CSAG cohort was slightly greater at 6.5 years vs 5.6 years for CCUK. The 

CCUK cohort had a higher proportion of left sided UCLP when compared with CSAG (71.3% 

vs 62.6%). Table 6 shows the demographics of the study sample. 
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Characteristics CCUK CSAG Total 

Sample size n 195 107 302 

Gender n (%) 

Male 

Female 

 

132a  (67.7%) 

59a (30.3%) 

 

74 (69.1%) 

33 (30.9%) 

 

206 (68.2%) 

92 (30.4%) 

Cleft laterality n (%) 

Left 

Right 

 

139 (71.3%) 

56 (28.7%) 

 

67 (62.6%) 

40 (37.4%) 

 

206 (68.2%) 

96 (31.8%) 

Mean age (yrs) 5.6b 6.5c  

a Missing data (n=4) b Missing data (n=6) c Missing data (n=5) 
 
Table 6: Demographic characteristics of the 5-year-old patients with UCLP in this study.  
 

5.2 Intra- and inter-rater reliability for the MHB index:  
 
 
ICC and 95% confidence interval (95% CI) were used to measure the level of agreement of 

the MHBI scoring for the anterior segment, the buccal cleft segment, the buccal non-cleft 

segment, and the total MHBI on 30 randomly selected digital models. This was performed 

on repeated measurements carried out by the same assessor (intra-rater) and between 

measurements carried out by two different assessors (inter-rater).  Reliability assessment 

was also carried out on the MHBI scoring of 29 digital models obtained from hand scanner 

versus lab scanner.  

 

ICC values are interpreted using guidelines set by Shrout and Fleiss (1979) as shown in the 

table below: 
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ICC (3,1) value Level of agreement 

<0.20 Poor 

0.21 to 0.40 Fair 

0.41 to 0.60 Moderate 

0.61 to 0.80 Good 

0.81 to 1.00 Almost perfect 

Table 7: Interpretation of level of agreement using intraclass correlation coefficients set by 

Shrout and Fleiss (1979) 

Using Shrout and Fleiss’s interpretation of the level of agreement, ‘almost perfect’ intra-

rater agreement was achieved for MHBI scores of all segments for both assessors (BA and 

PF), and for the hand-scanned versus lab scanned models for assessor BA (Table 8 and 9).  

 

Measurement BA (ICC 

3,1) 

BA (95%CI) PF (ICC 

3,1) 

PF (95%CI) 

Anterior total  0.975 0.946 to 0.987 0.994 0.986 to 0.996 

Buccal cleft total 0.952 0.900 to 0.976 0.987 0.972 to 0.993 

Buccal non-cleft 

total 

0.960 0.916 to 0.980 0.974 0.946 to 0.987 

Total arch MHBI 0.967 0.931 to 0.984 0.990 0.979 to 0.995 

Table 8: Intra-rater agreement using intraclass correlation coefficients (ICC) and 95% 

confidence intervals (CI) for both assessors (BA and PF) for each segment and total arch 

MHBI. 
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Measurement Agreement 

(ICC 3,1) 

95% CI 

Anterior total 0.999 0.997 to 0.994 

Buccal cleft total 0.993 0.983 to 0.996 

Buccal non-cleft total 0.986 0.969 to 0.993 

Total arch MHBI 0.996 0.990 to 0.997 

Table 9: Intra-rater agreement using intraclass coefficients (ICC) and 95% confidence 

interval (CI) for hand-scanned versus lab scanned models for BA for each segment and total 

arch MHBI.  

 

The ICC and 95% CI between the two examiners for scoring the 1st cycle and both examiners 

for 2nd cycle are shown in Table 11. The results fall into the almost perfect agreement 

category for all segments and total arch MHBI score.  The table also shows that although the 

inter-rater agreement was almost perfect for all the segments, the buccal cleft and non-cleft 

segments had less strong agreement, but still falling within the ‘almost perfect’ category. 
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Measurement 1st cycle 

(ICC 3,1) 

95% CI 2nd cycle  

(ICC 3,1) 

95% CI 

Anterior segment 0.954 0.905 to 0.977 0.953 0.903 to 0.977 

Buccal cleft segment 0.877 0.757 to 0.939 0.846 0.701 to 0.923 

Buccal non-cleft 

segment 

0.870 0.744 to 0.935 0.843 0.695 to 0.921 

Total arch MHBI   0.973 0.944 to 0.987 0.970 0.938 to 0.985 

Table 10: Inter-rater agreement using intraclass coefficients (ICC) and 95% confidence 

interval (95% CI) for 1st cycle and 2nd cycle for each segment and total arch MHBI. 

 
 
5.3 Distribution of the CCUK and CSAG segments and total arch MBHI scores 
 

The frequency of the total arch MBHI scoring is illustrated in Figure 7. The distribution was 

non normal and for comparative purposes the medians and interquartile range (IQR) were 

calculated for the anterior segment, buccal cleft segment, buccal non-cleft segment and 

total arch MHBI scores for both CCUK and CSAG cohorts (Table 7). 

 

Ordered logistic regression was used since the data being tested was ordinal, independent, 

and non-parametric (Figure 7). Figure 7 demonstrated that although the data for both 

cohorts are not normally distributed, the CCUK cohort data were closer to being normally 

distributed than CSAG cohort.   
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Figure 7: A bar graph showing the non-normal distribution of CSAG and CCUK study cohort 

total arch MHBI’s scores.    

 
 

Table 11: MBHI Median scores and interquartile ranges for the CSAG and CCUK 5-year-olds 

cohorts, anterior segment, buccal cleft segment, buccal non-cleft segment and total arch 

scores.   

 
 

 
 
 
 

 
MHBI component   Median MHBI scores  (IQR) 

CCUK 
  
  
  

Anterior -2 (-6 to 2) 

Buccal Non-Cleft  1 (0 to 1) 

Buccal Cleft -6 (-7 to -3) 

Total arch MHBI -6 (-11 to -3) 

CSAG 
  
  
  

Anterior -3 (-6 to 2) 

Buccal Non-Cleft  0 (-5 to 1) 

Buccal Cleft -5 (-7 to -3) 

Total arch MHBI -8 (-14 to -4) 
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5.4 Transverse and antero-posterior interdental arch relationship outcomes using MHBI:  
 
 
Ordered logistic regression, p-value, odds ratios and 95% confidence intervals were 

calculated to evaluate whether the scores differed between CCUK and CSAG for the anterior 

segment, buccal cleft segment, buccal non-cleft segment and total arch MHBI scores. 

Ordered logistic regression was also used to investigate any potential effect of gender and 

laterality within each segment and for the total arch MHBI scores. The results are illustrated 

in Tables 12, 13, 14 and 15. 

 

The odds ratios were calculated to evaluate the difference in the total arch MHBI scores 

between CCUK and CSAG, gender and laterality. Odds ratios were used since it allows for a 

comparison to be carried out between two groups, one of them being the reference group. 

In this study, the reference group was the CCUK cohort, hence if odds ratio is > 1 this implies 

that the CSAG cohort outcomes are more favourable than CCUK, and if it was < 1 then the 

CSAG have less favourable outcomes than CCUK.  

 

5.4.1 Anterior segment: 
 

The results show that there was a statistically significant difference in scores for the anterior 

segments between CCUK and CSAG (Table 12). In the case of gender and laterality within 

the anterior segment, there was no statistically significant effect. The float plot, Figure 8, 

shows that there were more positive and less negative frequency values for CCUK when 

compared to CSAG, indicating that the surgical outcomes for the anterior segment following 

centralisation had improved.  
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 Variable  Odds ratio Std. err P-value 95% CI 

CCUK vs. 

CSAG 

1 

0.644   

(base) 

0.141 

0.04 0.419      0.990 

 

Male vs. 

Female  

1 

0.919 

(base) 

0.211 

0.71 0.585     1.441 

 

Left vs. 

Right side 

1 

0.851 

(base) 

0.193 

0.48 0.544   1.330 

 

Table 12: The results of the ordered logistic regression analysis CSAG vs CCUK for the 

anterior segment MBHI values along with gender and laterality. 

 

 

Figure 8: A float plot showing the frequency of values of the anterior segment MHBI scores 

for CSAG and CCUK.   
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5.4.2 Buccal cleft segment:  
 

The ordered logistic regression showed that although the CSAG buccal cleft MBHI score was 

more favourable than the CCUK, and Female scored less favourable than male, neither were 

significantly different (Table 13). The only statistical difference in the buccal cleft segment 

MBHI score was seen in cleft laterality, with right-sided cleft having better outcomes than 

left-sided cleft. Figure 9 shows that the frequency of values of the buccal cleft segment 

MHBI scores for CSAG and CCUK were similar.  

 

 Odds ratios Std. err P-value 95% CI 

CCUK vs. 

CSAG 

1 

1.179 

(base) 

0.252 

0.43 0.775     1.794 

 

Male vs. 

Female  

1 

0.657 

(base) 

0.148 

0.06 0.422     1.024 

 

Left vs. 

Right side 

1 

1.540 

(base) 

0.336 

0.04 1.00   2.362 

 

Table 13: The results of the ordered logistic regression analysis CSAG vs CCUK for the buccal 

cleft segment MHBI scores along with gender and laterality. 
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Figure 9: A float plot showing the frequency of values of the buccal cleft segment MHBI 

scores for CSAG and CCUK. 

 

5.4.3 Buccal non-cleft segment 
 

The ordered logistic regression showed that there was a statistically significant difference 

for the buccal non-cleft side MHBI scores between the two cohorts, with the scores for 

CCUK being better than those of CSAG (Table 14). In the case of gender and laterality there 

was no effect. The float plot Figure 10 shows that the majority of CCUK buccal non-cleft 

segment MBHI scores were greater than those observed in CSAG.  
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 Odds ratios Std. err P-value 95% CI 

CCUK vs. 

CSAG 

1 

0.477 

(base) 

0.108 

0.001 0.306    0.745 

 

Male vs. 

Female  

1 

0.922 

(base) 

0.207 

0.718 0.593     1.432 

 

Left vs. 

Right side 

1 

1.092 

(base) 

0.245 

0.694 0.702  1.698 

 

Table 14: The results of the ordered logistic regression analysis CSAG vs CCUK for the buccal 

non-cleft segment MHBI values along with gender and laterality  

  

 

Figure 10: A float plot showing the frequency of values of the buccal non-cleft segment 

scores for CSAG and CCUK. 
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5.4.4 Total arch MHBI scores 
 

For the total arch MHBI scores, the ordered logistic regression showed there was a 

statistically significant difference between CCUK and CSAG, with CCUK showing improved 

scores when compared with CSAG (Table 15).  Furthermore, gender and laterality did not 

affect total arch MHBI scores.  Figure 11 shows the frequency of values of the total arch 

MHBI scores for CSAG and CCUK with more positive values in the CCUK cohort. This confirms 

that following centralisation of cleft care in the UK, the interdental arch relationship had 

improved.  

 

 Odds ratios Std. err P-value 95% CI 

CCUK vs. 

CSAG 

1 

0.581 

(base) 

0.126 

0.013 0.379    0.890 

 

Male vs. 

Female  

1 

0.711 

(base) 

0.156 

0.121 0.462    1.094 

 

Left vs. 

Right side 

1 

1.050 

(base) 

0.232 

0.823 .680 1.622 

 

Table 15: The results of the ordered logistic regression analysis CSAG vs CCUK for the total 

arch MHBI values along with gender and laterality  
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Figure 11: A float plot showing the frequency of values of the total arch MHBI scores for 

CSAG and CCUK. 
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6.0 Discussion: 
 

6.1 Overview:  
 

This study aimed to evaluate the interdental arch relationship outcomes of 5-year-old 

children born with a complete unilateral cleft lip and palate treated before and after the 

centralisation of cleft services in the UK, when assessed with the Modified Huddart and 

Bodenham Index.   

 

The study found that there were significant differences in the anterior segment, buccal non-

cleft segment, and the total arch MHBI scores with the CCUK models scoring better than the 

CSAG. No differences were found for the buccal cleft segment scores. Neither gender nor 

laterality had an impact on the total MHBI scores. Finally, the reliability between the hand-

scanned and lab-scanned study models was ‘almost perfect’.  

 

6.2 Reliability of measurement: 
 

The inter- and intra-examiner reliability agreement for the anterior segment, buccal cleft 

segment, buccal non-cleft segment and total arch MHBI scores for CCUK and CSAG were 

investigated using intraclass correlation coefficient (ICC) and 95% confidence intervals 

(95%CI). According to Shrout and Fliess (1979), to obtain an ‘almost perfect’ reliability value, 

ICC (3,1) should be >0.8 which indicates that the results are highly reliable and repeatable 

for inter and intra-examiner testing.  

 

The results indicate that the MHBI has an ‘almost perfect’ level of inter- and intra-examiner 

reliability, as evidenced by an ICC of 0.967 (with a 95%CI range of 0.931 to 0.984) and 0.973 
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(with a 95%CI range of 0.944 to 0.987), respectively. These findings are consistent with a 

study by Salazar et al. (2022), which demonstrated an inter- and intra-rater agreement of 

0.950 and 0.965, respectively using the MHBI. Additionally, Martin et al. (2016) found that 

both inter- and intra-examiner reliability were ‘excellent’ when the MHBI was carried out on 

digital study models using OrthAnalyzer™ software, with ICC values of 0.975 and 0.979, 

respectively. The high reliability of the MHBI was also supported by many other studies 

(Mossey et al., 2003; Garry and Mossey, 2005; Tothill and Mossey, 2007; Manosudprasit et 

al., 2011; Patel, 2011; Dobbyn et al., 2012) confirming the high objectivity of the index.  

 

A possible reason for the high reliability of the assessment in this study may be because it 

was conducted using digital models. This enabled 3D manipulation of the models and 

zooming in on areas that would be more difficult to see with traditional plaster models. 

Furthermore, the software fixed the articulation of the digital models, reducing the 

possibility of human error when hand articulating during the assessment. 

  

Although the developers of the MHBI stated that no calibration was needed for this index 

(Mossey et al., 2003), there were some subjective and calibration elements in the scoring 

process used in this study. For instance, while the scoring was particularly easy at the 

extremes of measurement (-3 and +1), it was more difficult at the boundary between -2, -1 

and 0. This because if there was lack of vertical contact or the tooth was rotated, this will 

result in variable occlusal relationships.   
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6.3 Missing data: 
 

A total of 302 (CCUK= 195, CSAG= 107) study models were recruited for this study. These 

numbers were significantly less than the original sample numbers for both cohorts (CCUK= 

264, CSAG= 239). This large reduction in sample numbers between the original CCUK and 

CSAG studies and this study was due to missing study models and the presence of study 

models that could not be assigned to either cohort due to inadequate model coding. 

Although proportionally the CSAG had greater loss of data (55.2% vs 26.1%) it was assumed 

that the loss occurred randomly. However, the size of the data loss may affect the 

representativeness of the study sample and limit its generalisability.  

 

6.4 Study sample demographics: 
 

Both, CSAG and CCUK studies included children born with non-syndromic complete UCLP at 

5-years-old (with a soft tissue band of less than 5mm). The demographics such as gender 

and mean age of the current study cohort (male CCUK= 67.7%, CSAG= 69.1%; mean age 

CCUK= 5.6, CSAG= 6.5) were similar to the original CCUK and CSAG study cohorts (male% 

CCUK= 67.5%, CSAG= 66.5%; mean age CCUK= 5.5, CSAG= 6.4). This indicated that it was 

unlikely that there was systematic bias associated with the models lost between the original 

CCUK and CSAG study cohort and that used in this study and that the study data were still 

representative of the original CCUK and CSAG population.   

 

The mean age (5.6 years) of the CCUK models used in this study were closer to the target 

age of 5 years compared to CSAG (6.4 years), which also had a wider range of ages. The 

implications of the age difference relate to potential differences in facial growth and dental 
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development between the two study samples and the interpretation of results should be 

done with caution.  

 

As for laterality, left-sided cleft dominated in both study cohorts (CCUK =71.3%, 

CSAG=62.6%). This finding agreed with the prevalence of cleft laterality documented in the 

literature (Cohen, 1978; Nagase et al., 2010; WHO, 2002; CRANE, 2021). The current study 

investigated laterality, which was not previously explored in the original CCUK and CSAG 

studies but has recently been raised in more recent studies investigating cleft laterality 

outcomes (Staudt et al., 2021; Chong et al., 2022).   

 

6.5 Interpretation of results: 
 

6.5.1 Anterior segment scores  
 

The presence of UCLP has a significant impact on the anterior segment interdental arch 

relationship and can present considerable challenges for correction, if discrepancies are 

present (Salazar et al., 2022).  

 

The current study found a significant difference in MHBI scores for anterior segment 

between CCUK and CSAG cohorts, with CSAG having worse outcomes. It was observed that a 

higher number of patients in the CCUK cohort had near normal occlusion with a MHBI 

anterior segment score of 0 to +1 (normal occlusion). This finding was supported by Al-

Ghatam et al. (2015), who reported that over 50% of the CCUK cohort had ‘good’ or ‘very 

good’ 5-Year-Old Index gradings.  Although the 5-Year-Olds’ Index does not divide the 

interdental arch into anterior and buccal segments, the index places a majority of its grading 
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on the AP position of the anterior dentition. A ‘good’ or ‘excellent’ grading is suggestive of 

an edge to edge or positive overjet.  By comparison, in the CSAG cohort a greater proportion 

had negative MBHI anterior segment scores, and this was also reflected with only 30% of 

the CSAG sample graded by Al Ghatam et al. (2015) as ‘good’ or ‘excellent’ using the 5-Year-

Old Index. This further supports the evidence that centralisation of cleft services has 

resulted in improved outcomes in the anterior segment interdental arch relationship. When 

compared to other studies that used the MHBI for interdental arch evaluation, it was found 

that the CCUK’s median anterior segment score value was similar to those reported by other 

recent studies (Karsten et al., 2017; Salazar et al., 2022), while CSAG’s anterior segment 

score compared less favourably.   

 

  6.5.2 Buccal cleft segment scores and buccal non-cleft segment scores  
 

Within the buccal segment, there was no significant difference between the buccal cleft 

sides between the CCUK and CSAG models. However, on the buccal non-cleft side, a 

significant difference was found with CCUK performing better than CSAG. Possible 

explanations for these findings may include differences in surgical palatal repair protocols, 

the surgeons’ training and surgeon’s case load volume.  

 

As a possible explanation to the improvement in MBHI scores for the CCUK being detected 

on the non-cleft buccal segment and not the cleft buccal segment, the CSAG cohort 

commonly underwent primary palatal repair based on the Veau and Wardill-Kilner pushback 

(VWK) technique at around the age of 12-24 months (Sommerlad et al., 2009). This surgical 

palatal repair was generally undertaken in one setting with releasing dissections on both the 
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cleft and non-cleft side of the hard palate, a procedure which can lead to greater maxillary 

arch collapse (Sommerlad et al., 2009). As for the CCUK cohort, they commonly undertook a 

primary lip and hard palate repair using the vomer flap technique at 3-5 months, often 

removing the requirement for releasing dissection on the non-cleft side of the hard palate. 

This technique has shown to have reduced interference with maxillary growth (Hay et al., 

2018).  

 

A more recent retrospective study has found similar findings to this study, where the MHBI 

scores on the cleft side had greater negative values than the buccal non-cleft side. (Staudt et 

al., 2021). The study concluded “the more constricted buccal cleft side reflects the difficulty 

in correcting the more medially positioned lesser maxillary segment” Additionally, cleft side 

constriction makes orthodontic correction of transverse arch discrepancy more challenging, 

and stability is questioned.  

 

6.5.3 Total arch MHBI scores:  
 

Overall, the odds ratios of the total arch MHBI scores show that the transverse and AP 

interdental arch relationships following centralisation had improved from CSAG to CCUK. 

This is also reflected in the differences in the median scores between the two study cohorts. 

The median score for CCUK was similar to more recent studies (Mikoya et al., 2015; Karsten 

et al., 2017), whilst the CSAG median was an outlier. This was reflected in the reduced 

frequency of anterior and buccal crossbites in the CCUK cohort compared to CSAG. Such 

improvements could result in reduced orthodontic treatment burden relating to arch 

preparation to facilitate surgical access for secondary bone grafting. Furthermore, the 
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likelihood of the need for orthognathic surgery may also be reduced once growth has been 

completed. It may also have implications for stability of orthodontic correction and 

potential reduced risk of relapse following transverse orthodontic expansion. (Staudt et al., 

2021).      

 

The findings of this study are supported by Al-Ghatam et al. (2015), who found similar 

outcomes when the 5-Year-Olds’ index was used. Although the method of assessment of 

dental arch relationship was different, in a 2012 study, Dobbyn et al. found that the MHBI 

scoring system can be calibrated to the 5-Year-Olds’ index categories (Table 16).  

Al-Ghatam's study found that approximately 53% of the CCUK cohort had good to excellent 

dental relationship and 19% poor outcomes compared to only 29% good and 36% poor 

outcomes for the CSAG. In this study, the frequency of values that scored between -6 and +8 

was significantly higher in the CCUK cohort compared to CSAG (Figure 12). However, in the 

5-Year-Olds’ Index categories 4 and 5, the relationship between the two indices was less 

predictable, likely due to the differences in what the indices measure (incisor 

decompensation and lesser segment relapse). 

Category  1 

(Excellent) 

2 

(Good) 

3  

(Fair) 

4  

(Poor) 

5  

(V. poor) 

Estimated total arch MHBI 

scores for each 5-year-olds’ 

index category rankings  

+8 to -1 -2 to -6 -7 to -10 -11 to -14 -15 to -24 

Table 16: Estimated modified Huddart and Bodenham scores for 5-year-olds’ index 

category. Recreated from (Dobbyn et al., 2012). 
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Therefore, from Table 16, it could be anticipated that the total arch MHBI median score for 

CCUK would equate to a 5-Year-Olds’ Index ranking of group 2 (good), while the CSAG score 

would fall into group 3 (fair).   

 

The promising improvements in cleft outcomes following service centralisation are likely 

due to multiple factors, including changes in: 

 

• Surgical protocol: The Oslo Surgical repair protocol has been adapted for treatment 

of children born with UCLP. This protocol starts at three months of age, which is 

when a Millard lip repair and anterior hard palate repair is performed with a single 

layer Vomer flap. At nine months, hard and soft palate repair is done using a 

modified von Langenbeck technique. The goal is to balance favourable facial growth 

with adequate speech development. In addition, by using this protocol improved 

craniofacial morphology and nasio-labial appearance will be achieved (Fudalej et al., 

2015);   

 

• Surgeon’s experience: Centralisation has increased the number of patients seen by 

surgeons annually, as each surgeon is now required to treat at least 40 babies with 

UCLP per year. A 2014 cross-sectional survey that looked into the number of children 

who underwent primary cleft surgery for UCLP from April 1, 2009 to March 31, 2010, 

found that 17 out of the 19 surgeons who performed primary cleft surgery have met 

the target of operating on 40 patients minimum per year (Scott et al., 2014); 
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• Surgical training: Surgical training in the UK now follows a more structured pathway 

via oral and maxillofacial surgery or plastic surgery craniofacial fellowships. This is 

crucial for gaining experience, as a recent study has shown that surgeons who were 

still learning find primary cleft surgery more challenging (Rautio et al., 2017). 

 

6.5.4 Laterality: 
 

Regarding laterality, surgical outcomes were better for right sided clefts, but these findings 

were only limited to the buccal cleft segment. No significance was found for the anterior, 

buccal non-cleft and the total MHBI scores. The buccal cleft segment score could be a 

chance finding. Although it is interesting to note that 65% of patients with left-sided clefts 

required orthognathic surgery, compared to 20% of patients with right-sided clefts (Staudt 

et al., 2021). On the other hand, Chong et al. (2022) reported that left-sided clefts had 

better outcomes than right-sided clefts due to anatomical differences (Chong et al., 2022). 

Such controversial findings could be due to the initial cleft morphology and severity as well 

as the handedness of the orthodontist/surgeon (Staudt et al., 2021). The influence of 

laterality on surgical outcomes remains unresolved.  

 

6.5.5 Gender: 
 
 
When gender was investigated in this study, it was found that it did not affect the total arch 

MHBI scores. This means the interdental arch relationship was similar regardless of gender 

for both cohorts. A similar finding was reported in a study by Siegenthaler et al. (2018), who 

found that gender did not influence the total arch MHBI scores following early secondary 

alveolar bone grafting and late secondary alveolar bone grafting using the MBHI.  
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6.5.6 Hand scanned vs lab scanned digital models:  
 

 
This study found a high level of reliability using either the hand-scanned or lab-scanned 

digital models when assessing the MBHI, with the lab scanner being quicker and easier to 

use and the hand-held scanner being more accurate when having articulation issues. In a 

study conducted by Jeong et al. (2016),   the lab scanner was found to be more accurate 

than the hand scanner,  while  Zarone et al. (2020) found that hand-scanned study models 

were more accurate than laboratory bench scanners. These contradictory findings could be 

attributed to various factors, such as differences in accuracy levels between the scanners 

used, variations in scanning range, field of view and image resolution. 

 
The use of digital models in this study was similar to another study which used the MHBI on 

digital study models (Martin et al., 2016) and previous investigations have demonstrated 

good or excellent inter- and intra-rater reliability when comparing cast to digital models 

(Martin et al., 2016; Asquith and Mclyntre, 2012). Digital models are therefore valid 

alternatives to plaster models for assessment of interdental arch relationship in 5-years-old 

patients with complete UCLP. 

 

The CCUK study had a limitation in that they had to take photographs for 15% of the 5-year-

old patients when impressions were not possible, and these photographs were not as 

reliable as cast models (Al-Ghatam et al., 2015). As a result, they had to exclude them from 

the study, leading to fewer models and a potential for bias. However, using intra-oral 

scanners could make data collection easier for 5-year-olds since it may reduce discomfort 

and provide similar information to study models. 
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6.6 Study limitations: 

 
 

6.6.1 Sample selection and data loss   
 

It has been acknowledged by both the CSAG and the CCUK studies that their respective 

study recruitment was limited by the constraints of the retrospective nature of their study 

design. Approximately 73% of all available patients with UCLP were recruited by CSAG and 

74% for the CCUK. While the effect of missing data on their outcomes is unknown, it has 

been reported that the relatively high recruitment percentage of both the CSAG and the 

CCUK studies collected were representative samples (Persson et al., 2015).  

 

A large proportion of the models were missing from the CCUK and CSAG archives (29% and 

55% respectively). The reason for this is unknown but it is possible that some have been 

loaned to other researchers and not returned as a complete set or simply misplaced. 

Nevertheless, the remaining sample sizes were still relatively large and were deemed to be 

representative of the original archive. A sample size calculation prior to data collection 

suggested the number of remaining models would be more than sufficient to measure 

differences using the MHBI. In addition, the gender distribution and mean ages of this 

sample were similar to the original CSAG and CCUK studies, suggesting that any loss of data 

occurred randomly.  

 

6.6.2 Model measurement : 
 

In order to minimise researcher bias, one researcher scanned all the study plaster models, 

with the study model identifying numbers visible on the model bases, allowing the CCUK 
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and CSAG cohort models to be distinguished. To ensure subsequent anonymity of the 

models for use in the scoring part of the study, a third party (ST) generated new identifying 

numbers for both cohorts, which were entered into the OrthoAanalyzer™ software by a 

fourth party (OM) to prevent the researcher from distinguishing which study models 

belonged to which cohort when the MHBI scoring was undertaken. 

 

6.6.3 Model artifacts: 
 

Seven models had to be excluded from this study due to the presence of artifacts such as 

gauze covering the occlusal surfaces of the teeth, damaged plaster models, incomplete sets 

of study models, or the lack of teeth present. Additionally, 35 models were not included due 

to a lack of clear coding of the plaster model bases, which further added to the data loss 

issue in this study.   

 

6.6.4 Lack of potential confounding data: 
 
 
There were potential confounders that could have influenced the interdental arch 

relationship outcomes but were not available for assessment in this study. These include the 

surgical protocol used (staging, timing and surgical technique), the skill and experience of 

the surgeon, the possible use of pre-surgical lip strapping or PISO devices and the use of any 

additional surgical procedures relating to fistula repair, speech related surgery or lip 

revision. In the absence of these potential confounders, it can only be hypothesised that the 

variations in outcomes are attributed to the centralisation process, but we lack the 

necessary data to determine which aspect of the change led to the improved outcomes. 
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Whether it was due to better-trained surgeons, increased utilisation of the vomer flap, or 

higher surgical volume is still uncertain.  
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7.0 Implications of the study and future work: 
 

The findings of this study once again confirm that the changes made following the 

recommendations of the CSAG investigation have positively influenced the outcomes of 

surgical repair, and so contribute to the ongoing body of evidence. 

 

By improving the transverse and AP dental arch outcomes in 5-year-olds with complete 

UCLP, the need for orthodontic expansion prior to secondary alveolar bone grafting could 

be reduced, leading to easier and more stable correction of the transverse and AP 

interdental arch relationships following orthodontic (and orthognathic) treatment. This 

would reduce the burden not only on patients but also the NHS cleft service. 

 

A digital record of the CSAG and CCUK models has been created as part of this study and is 

suitable for use in future audits and research. The digital archive is more robust and more 

accessible than the original plaster models, which are prone to damage and/or loss.  

 

Future research could investigate the potential confounders previously described i.e. 

surgical protocol (staging, timing and surgical technique), surgeon experience, the use of 

pre-surgical lip strapping or PISO devices, and any additional surgical procedures relating to 

fistula repair, speech related surgery or lip revision on the occlusal outcomes.  

 

In terms of the MHBI, a possible further modification would be to include an assessment of 

vertical occlusal discrepancies. Such a modified index could then easily be used to compare 
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the digitally archived CSAG and CCUK models at 5 years and the separate 12 years CSAG and 

CCUK model archive.  
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8.0 Conclusion  
 

The null hypothesis for this study which states that there is no difference in the transverse 

interdental arch relationship outcomes of 5-year-old children with complete UCLP treated 

before and after the centralisation of cleft services in the UK, when assessed with the 

modified Huddart and Bodenham Index was rejected, as there was a  significant difference 

in the total arch MHBI scores between CCUK and CSAG groups, with the CCUK group 

performing better in the anterior segment, the buccal non-cleft segment, and the total arch 

MHBI scores. This confirms that the transverse and AP interdental arch relationship 

following primary surgery of patients with unilateral cleft lip and palate has improved since 

cleft care centralisation in the United Kingdom.  

 

The investigation of the secondary objectives found no significant differences in MHBI 

scores by gender or laterality. In addition, the third study objective found no difference 

between handheld and bench scanning methods when scoring the digital study models of 5-

year-old children with UCLP using the MBHI. 
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