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Abstract  

Aims  

To conduct a micro-costing analysis to assess the cost to the NHS of treatment in secondary care 

for children born with unilateral cleft lip and palate (UCLP), bilateral cleft lip and palate (BCLP), 

and cleft palate only (CPO), from post-alveolar bone graft up to 20 years of age. To compare the 

micro-costed values to the national average, via the NHS reference costs, and to the National 

Tariff. 

Method  

A care pathway was mapped out for children born with UCLP, BCLP and CPO from alveolar bone 

graft to 20 years. Retrospective data collection from the hospital clinical record was performed 

for 23 individuals who had undergone treatment for non-syndromic UCLP (10 individuals), BCLP 

(3) and CPO (10) with the South West Cleft Team. Unit costs from local and national sources 

were applied to each item of resource use. 

Results  

The mean cost per child was £7977 (UCLP), £9416 (BCLP) and £3809 (CPO). The cost of BCLP 

care was 15% more than UCLP and 60% more than CPO. Surgical treatment and orthodontic 

treatment accounted for a large proportion of the costs. The need for repeat surgery had a 

marked impact on cost. For most activities, the micro-costed figure was less than the national 

average and compared similarly with the National Tariff. 

Conclusion  

The biggest cost drivers were the number of outpatient appointments and the need for repeat 

surgery. Remote consultation and service improvement programmes are two possible 

approaches for reducing the associated time and financial implications.  
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1. Cleft Lip and Palate 

1.1.   Background 

Embryonic development of the face is a highly coordinated and complex event. Disturbance of 

this process can lead to craniofacial abnormalities, the most frequent of which are the orofacial 

clefts of the lip and palate. Clefts of the lip and palate are generally split in to three groups, cleft 

lip (CL), cleft lip and palate (CLP) and cleft palate only (CPO) (Mossey et al., 2009). Orofacial 

clefting can be unilateral or bilateral. 

 

Cleft lip and/or palate (CL/P) may occur on its own, or as part of a syndrome. Whilst the majority 

of orofacial clefts occur in isolation (approximately 70%), over 300 syndromes may present with 

a cleft (Cobourne, 2014), the most frequent being Van der Woude syndrome (VWS) and Stickler 

syndrome (Jones, 1988). Pierre Robin sequence is a condition that features cleft palate as one of 

a triad of malformations that also includes micrognathia and glossoptosis (Slator et al., 2009). 

There is evidence that the genes responsible for syndromic clefts are the same as those 

responsible for non-syndromic clefts, albeit with variable penetrance (Stanier & Moore, 2004). 

 

The incidence of orofacial clefting varies depending on population and geography (Vanderas, 

1987). The World Health Organisation’s (WHO) ‘Global registry and database publication on 

craniofacial anomalies’ demonstrates trends in birth prevalence across populations. Described 

in ‘rate per 10,000 births’, individuals born with CL/P appears highest in South and Central 

America, Scandinavia, Japan and China, followed by North America, Australia and Europe, and 

lowest in the Middle East and Africa. This pattern is not the same for children both with CPO, for 

which there is less of a clear trend across regions. However, relatively wide confidence intervals 

are associated with these data (Mossey & Catilla, 2003). There also appears to be a trend of 

increased incidence in areas of lower socio-economic status (Murray et al., 1997; Durning et al., 
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2007) when compared with areas of higher socio-economic status (Chung et al., 1987; Croen et 

al., 1998).  

 

Worldwide, cleft lip with or without cleft palate occurs in 1 in every 300 to 1 in every 2500 live 

births, whilst CPO occurs with less variance at 1 in every 1500 live births (Wyszynski et al., 1996). 

On average, a child is born with some form of orofacial clefting every 2.5 minutes (WHO, 2002). 

In the United Kingdom (UK), orofacial clefts occur in 1 in every 700 live births, making it the 

most common craniofacial anomaly (Coupland & Coupland, 1988).  

 

CL/P presents more frequently in males, in a 2:1 ratio, whilst CPO is more common in females, in 

a 3:2 ratio (Gorlin et al., 1971). In the UK, recently published data show that CPO continues to 

be the most common cleft type and is more prevalent in females (CRANE, 2019). The Cleft 

Registry and Audit Network (CRANE) is a registry of cleft births in England and Wales, and of 881 

children registered in 2019, 43.1% were individuals with CPO (n = 350), 25.2% with CL, and 22% 

with unilateral cleft lip and palate (UCLP). The least common cleft was bilateral cleft lip and 

palate (BCLP), comprising 9.7% (n = 79). Unilateral clefts of the lip and palate occur more often 

on the left side than on the right (Nagase et al., 2010; Dixon et al., 2011). The exact cause of this 

asymmetry is unknown. It has been proposed that the slower growth of the facial artery on the 

left-hand side may be an aetiological factor, although this has not been proven (Hirayama, 

1971). There is no association between left sided clefts and handedness (Daskalogiannakis et al., 

1998; Jeffery & Boorman, 2000).  
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1.2. Early Craniofacial Development and the Neural Crest 

The first stage of orofacial development in the embryo is the appearance of the prechordal 

plate, 14 days after conception, and this marks the site of the future stomodeum and the 

subsequent oral cavity (Wyszinski, 2002). The craniofacial skeleton is largely derived from the 

multipotent neural crest cells (NCC), a migratory vertebrate cell population arising during 

gastrulation at the junction between the non-neural ectoderm and the neural plate, otherwise 

known as the neural plate border region (Basch et al., 2006). Correct functioning of NCC’s 

requires accurate genetic coding through highly conserved patterning genes known as 

Homeobox (Hox) (Wellik, 2007).  

 

NCC production, development and migration is controlled by a wide range of transcription 

factors and signalling molecules, including fibroblast growth factor (Fgf), bone morphogenetic 

protein (Bmp), retinoic acid, and the transmembrane signalling molecules Notch and Delta 

(Rogers et al., 2012). Early research highlighted the transcription factors Dlx5 and Wnt1, which 

were shown to specify the neural plate border regions that elevate and roll to form the neural 

tube (see Figure 1) (Yang et al., 1998; McLarren et al., 2003; Woda et al., 2003). More recently, 

this picture has developed, and it is now understood that a conserved series of regulatory 

interactions, termed the gene regulatory network (GRN), mediates the complex interplay 

between signalling molecules and transcription factors that co-ordinates NCC patterning and 

sequencing (Bentancur et al., 2010).  Within this mechanism, there is a transition of epithelial 

cells to an invasive mesenchymal phenotype, termed epithelial-mesenchymal transformation 

(EMT) or delamination, which is characterised by loss of cell adhesion and polarity (Noden & 

Trainor, 2005; Radisky & LaBarge, 2008).  
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Figure 1. Development of neural crest cells (Gammill & Bronner-Fraser, 2003) 

 

Neural crest cells that form the face are termed cranial NCC’s (or CNCC) and differ from trunk 

NCC’s in that they can differentiate into bone, cartilage and connective tissue (Noden, 1978). 

Indeed, there are known signalling molecules that drive the contrasting fates of trunk and 

cranial NCC’s. The transcription factor, ets-1, expressed only by CNCC’s, is responsible for 

substantial cell mobilisation. Interaction of ets-1 with snail-2, another transcription factor, is 

responsible for the delamination of CNCC’s, which occurs rapidly over a period of 10-15 hours 

(Theveneau et al., 2007). Trunk NCC’s, on the other hand, delaminate gradually, which is limited 

mainly to the synthesis phase (S-phase) of the cell cycle (Burstyn-Cohen & Kalcheim, 2002). This 
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process is co-ordinated by an intricate interaction between the Bmp family of growth factors 

and the signalling molecule noggin, a broad Bmp inhibitor (Burstyn-Cohen et al., 2004).  

 

Combinatory Hox gene expression plays a significant role in the balance between pre-patterning 

and final destination plasticity with regard to the positional identity and skeletogenic potential 

of CNCC’s (Santagati & Rijli, 2003; Cobourne, 2000). By week 4, the CNCC’s have migrated to 

populate the frontonasal process and the first to the fourth pharyngeal arch, conserving the 

positional cues they acquired in the brain (Alappat et al., 2003). The bilateral maxillary and 

mandibular prominences are derived from the first pharyngeal arch, whilst the frontonasal 

process develops into the medial and lateral nasal prominences (see Figure 2), which play a key 

role in oral development (Helms et al., 2005). 

 

 

Figure 2. Craniofacial development and palate formation (Dixon et al., 2011) 
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1.3.   Embryology of the Lip and Primary Palate 

The bilateral medial nasal prominences form the basis of the primary palate and the upper lip 

(Rude et al., 1994). Growing downwards initially to form the central tubercle, they then extend 

laterally to meet the maxillary prominences and produce continuity of the upper lip, separating 

the nasal pits from the primitive stomodeum for the first time by week 5 (Diewert & Wang, 

1992). At this critical junction, a transient epithelial surface is formed between the medial nasal 

and maxillary prominences, called the nasal fin. The disintegration of the latter, around 7 days 

after initial contact, allows for mesenchymal flow across the prominences and completed upper 

lip development by week 6. Failure of this process results in cleft lip, of varying severities 

(Wyszynski, 2002).  

 

The premaxilla, in which the four incisor teeth are housed, develops from the median primary 

palate and forms its skeletal component (Mooney et al., 1991). The primary palate starts to 

ossify in week 8, beginning at the medial nasal prominence, crossing the line of synthesis with 

the maxillary prominence, and spreading laterally. Absence of the primary palate leads to 

median cleft lip and palate, including absence of all upper incisors, as seen in premaxillary 

agenesis (Sperber et al., 1989). Clefting between the primary and secondary palate, and hence 

between the lateral incisor and canine, occurs at the incisive fissures, which demarcate the limit 

of the primary palate in the foetus (Wyszynski, 2002).  

 

1.4.   Embryology of the Secondary Palate 

The secondary palate is so-called as it appears after the primary palate. Formed of the anterior 

hard palate and posterior soft palate, the secondary palate constitutes the roof of the mouth 

and the floor of the nasal cavities. The compartmentalisation of the nose and mouth by the 

secondary palate acts to separate respiratory and masticatory functions, enabling the two to 
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occur simultaneously (Mossey et al., 2009). Embryologically, a palatal cleft develops separately 

from a cleft of the lip and therefore CPO is considered to be aetiologically distinct from CL/P 

(Fogh-Andersen, 1942). 

 

Palatogenesis is a complex process under tight molecular control. The palatal shelves of the 

secondary palate are initially positioned downwards on either side of the tongue (Kimes et al., 

1991). They come to form the completed palate through elevation into a horizontal position and 

subsequent fusion with one another, with the primary palate and with the nasal septum, which 

descends during nasal capsular development (Mooney et al., 1994). Shelf elevation takes place 

within a matter of hours, during week 8 in utero; in females, this process occurs several days 

earlier and may account for the higher incidence of cleft palate in females (Burdi & Faist, 1967; 

Burdi & Silvey, 1969).  

 

The tongue descends from between the shelves, initiated by tongue muscle activity, vertical 

facial growth and mouth opening reflexes, which enables elevation and subsequent fusion of 

the palatal shelves. If the tongue fails to descend there will be a failure of palatal shelf elevation 

and fusion (Humphrey, 1969). Reduced activity of the hyoglossus, which is responsible for 

depression and retraction of the tongue as well as foetal swallowing, can prevent palatal shelf 

elevation (Gendron-Maguire et al., 1993; Laster et al., 2001).  

 

The precise mechanism for palatal shelf elevation is unknown, but accumulation of 

proteoglycans may play a role by increasing local turgidity. Proteoglycans are major structural 

components of the extra-cellular matrix and several early studies demonstrated a marked 

expression pattern of proteoglycans and glycosaminoglycans, such as hyaluronate and tenascin, 

during palatogenesis (Ferguson, 1988; Morris-Wiman & Brinkley, 1992).  
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The intricacies of this mechanism may remain elusive for the moment, but what is clear is that a 

rapid rotation of the shelves and horizontal outgrowth occurs (Lan et al., 2015) that has 

individual variability both in the antero-posterior plane, as well as showing some degree of 

lateral asynchronicity (Hilliard et al., 2005) (see Figure 3). 

 

 

Figure 3. A representation of the anterior ‘flip-up’ mechanism and posterior ‘horizontal 

outgrowth’ mechanism of the secondary palate during elevation and fusion at embryonic days 

13 (E13.5) and 14 (E14.0); NS: Nasal septum, T: tongue, Mdb: mandible. (Bush & Jiang, 2012) 

 

Contact between the palatal shelves is initially made in the middle-anterior region and fusion 

then proceeds forward and backward from this point. Fusion of the shelves is critically 

dependent on the differentiation of the medial edge epithelium (MEE) at what is called the 

medial edge seam (MES). Epithelium must be “removed” here to create continuity of 

mesenchyme and allow fusion to proceed successfully (Bush & Jiang, 2012). Whilst the exact 

process of MES degradation is still unclear, several studies have demonstrated involvement of 
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TGF β  in basement membrane degradation, through programmed cell death (Kaartinen et 

al.,1997; Xu et al., 2006; Cuervo & Covarrubias, 2004) and more recent studies have 

demonstrated the role of the contractile protein actomyosin in cell extrusion and convergence 

at the MES (Kim et al., 2015). 

 

Palatal bone of the maxillary palatine processes forms by intramembranous ossification, from de 

novo ossification centres that are initially separate from the maxilla, during which the neural 

crest derived mesenchyme condenses with the formation of osteoblasts (Baek et al., 2011). 

Failure of this ossification of the shelves results in a submucous cleft palate (SMCP), which has a 

reported incidence of 1:1250 to 1:1500 (Garcia et al., 1988; Weatherley-White et al., 1972).  

 

Clefts of the lip and/or palate can present in varying forms, depending upon the extent of the 

disruption of the processes described above. Clefts, both as part of a syndrome and non-

syndromic, can include microform CL, unilateral CL, bilateral CL, cleft of the hard and soft palate 

or of the soft palate only, and any combination of the above, including complete and incomplete 

forms. UCLP, BCLP and CPO will be the focus of this project and are shown in Figure 4. 

 

 

 



 21 

              

 

Figure 4. Diagrammatic and clinical illustrations of UCLP (left), BCLP (centre) and CPO (right) 

(Adapted from Dixon et al., 2011) 

 

 
1.5 Aetiology 

The causes of syndromic and non-syndromic clefts are unknown, but polygenetic and 

environmental factors are thought to be involved (WHO, 2002).The role of genetics in the 

development of orofacial clefting is strongly suggested by the sibling recurrence rate of 3.22%, 

compared to a population prevalence of 0.1%, which is equivalent to a 30 times increased risk. 

However, monozygotic twins demonstrate a concordance rate of only 25-45%, meaning 

environmental factors must play a role in the aetiology of orofacial clefts (Mitchell & Risch, 

1992). 
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1.5.1   Genetic Factors 

Interferon Regulatory Factor 6 (IRF6) is a transcription factor located on chromosome 1q32.3-

q41 responsible for the coding of a highly conserved DNA binding domain (OMIM, 2018) and is 

critical for accurate orofacial development. The exact role of IRF6 is not clear, though its 

function in osteoblast differentiation and mineralisation in the craniofacial complex has recently 

been established (Thompson et al., 2019). IRF6 mutation was originally implicated in the 

majority of cases of Van der Woude syndrome, an autosomal dominant condition that includes 

CL/P phenotype in 50% of affected individuals (Pegelow et al., 2008). The role of IRF6 in non-

syndromic clefting of the lip and/or palate has been established in several populations (Scapoli 

et al., 2005; Park et al., 2007). Specifically, Zucchero et al. (2004) studied 8003 individuals with 

cleft lip and/or palate, from 10 worldwide populations. They identified the presence of a 

common single nucleotide polymorphism (SNP) V274I at an otherwise highly conserved IRF6 

site, at which isoleucine was substituted for valine. Overall, 12% of the genetic contribution to 

cleft lip and/or palate can be attributed to variation of IRF6.  

 

MSX-1 is a homeobox gene that maps to human chromosome 4p16.1 (Ivens et al., 1990) and 

encodes a suppressive transcription factor that is a key regulator of gene activity in early 

development. As such, it has been the focus of many studies and accounts for around 2% of all 

cleft lip and/or palate cases (Tongkobpetch et al., 2006). Jezewski et al. (2003) undertook 

complete sequencing of MSX-1 in 917 individuals with cleft lip and/or palate from European, 

Asian and South American populations and identified five missense mutations, four mutations in 

highly conserved non-coding regions and 18 population specific polymorphic variants. 

Contradictory studies both in favour of (Ma et al., 2014) and against (Song et al., 2013; Lancia et 

al., 2020) the role of MSX-1 SNP ‘rs12532’, of the 3’ untranslated region, in cleft lip and/or 

palate development have been published.  
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Transforming Growth Factor Alpha (TGFa) is a secretion protein mapped to chromosome 2p13. 

TGFa binds to epidermal growth factor receptor and is intensely expressed in the medial edge 

epithelium during palate closure. The first association between TGFa and cleft lip and/or palate 

was made by Ardinger et al. (1989). Their study of 12 restriction fragment length polymorphisms 

(RFLP), across five loci in 80 Caucasian individuals with cleft lip and/or palate, identified two 

RFLP’s (TaqI and BamHI) at the TGFa locus with significant association. Two follow up studies 

supported the TaqI findings, identifying a three to four-fold increase in the TaqI allele in 

individuals with cleft lip and/or palate compared to controls, in Australian (Chenevix-Trench et 

al., 1992) and English (Holder et al., 1992) populations. A recent meta-analysis, incorporating 29 

studies, further investigated the TaqI and BamHI polymorphisms, as well as a third RasI, 

concluding that: the TaqI C2 allele significantly increased the risk of cleft lip and/or palate; the 

A1 allele BamHI conferred a protective effect; and RasI had no association (Lu et al., 2014). 

 

The Wingless-type MMTV integration site (Wnt) family are secreted, lipid-modifying, signalling 

proteins, that play a crucial role in body axis patterning, cell differentiation and cell migration 

(Reynolds, 2019). In a study of 132 families and 235 parent-child trios, a significant association 

was found between cleft lip and/or palate and Wnt3A, Wnt5A and Wnt11 (Chiquet et al., 2008). 

The role of Wnt11 in directing migrating neural crest cells to the ectomesenchyme of the 

midface has previously been established (De Calisto et al., 2005). The crosstalk of the Wnt family 

with other signalling pathways has also been implicated in orofacial clefting. Fgf, which is 

expressed in early facial patterning, is activated through Wnt/ β-catenin signalling. Ectopic Fgf8 

expression disrupts a series of epithelial-mesenchymal interactions during palatogenesis and 

results in impaired palatal shelf elevation (Wu et al., 2015). Wnt/ β-catenin signalling is also 

responsible for regulating TGF β expression. TGF β 3 plays a crucial role in cell apoptosis at the 
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MES. Altered expression suppresses the process of programmed cell death, disrupts cell-cell 

adhesion and results in cleft palate formation (Proetzel et al., 1995; He et al., 2011). A key 

protein responsible for driving early palatal shelf growth is Sonic Hedgehog (Shh) (Rice et al., 

2006; Lan & Jiang, 2009). An intricate signalling cascade exists, downstream of Wnt signalling, 

between MSX-1, Shh and Bmp. Disruption of this pathway results in under-expression of Bmp4, 

Bmp2 and Shh, affecting both lip (Suzuki, 2009) and palate development (Zhang et al., 2002). 

 

1.5.2. Environmental Factors 

The first evidence of a link between an environmental factor and orofacial clefting was 

described by Warkany et al. (1943), who demonstrated that maternal riboflavin deficiency can 

lead to CL/P. Indeed, nutritional deficiencies are thought to be one of the reasons that the 

incidence of orofacial clefting increases in lower socio-economic areas (Prescott et al., 2001). 

The benefits of folic acid supplementation for the prevention of neural tube defects has been 

proven (MRC Vitamin Study Research Group, 1991) and has since also been widely studied as a 

pregnancy supplement for the prevention of CL/P (Wehby & Murray, 2010). In a study of 2207 

live births, maternal diabetes mellitus was suggested to confer 1.352 times (95% CI 1.004 – 

1.821) greater risk of cleft lip and/or palate (Spilson et al., 2001), although there has been a lack 

of follow up studies to confirm this. Maternal weight has an effect on orofacial clefting, with 

obesity increasing the risk of both CL/P (95% CI 1.11 – 1.26) and CPO (95% CI 1.04 – 1.23). The 

precise mechanism has not been established (Blanco et al., 2015), but an analysis of six large 

population-based studies by Kutbi et al. (2017) reached a similar conclusion. DeRoo et al. (2016) 

studied 4600 infants and found that maternal alcohol consumption increased the risk of cleft lip, 

but not other cleft types. However, an earlier meta-analysis of 33 studies was unable to confirm 

an association between alcohol consumption and any specific cleft type (Bell et al., 2014).  
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A state of chronic hypobaric hypoxia during development has been hypothesised as a factor in 

foetal anomalies (Moss, 1992), including craniofacial anomalies (Alderman et al., 1995). It has 

been demonstrated to affect both oxygen delivery and placental glucose transport (Zamudio et 

al., 2006). Smoking during pregnancy results in ‘consistent, moderate and statistically significant 

associations’ with CL/P and CPO (Little et al., 2004), with respective relative risks of 1.34 (95% CI 

1.25-1.44) and 1.22 (95% CI 1.10-1.35). A meta-analysis of the effects of passive smoking 

demonstrated similar outcomes to active smoking, with a 1.5-fold increase in risk once adjusted 

for confounders (Sabbagh, 2015). The teratological effect of altitude is difficult to isolate, but 

attempts have been made to study its effect on CL/P and CPO, whilst minimising confounders. 

Castilla et al. (1999) studied non-rural, high altitude communities in South America, a continent 

in which three capital cities lie above 2000 metres. The authors reported a significantly higher 

risk for the development of cleft lip at high altitude over low: with a relative risk of 1.57 and 

associated 95% confidence interval of 1.27-1.94.  

 

Studies undertaken in Zambian and Puerto Rican populations have demonstrated seasonal 

variation in orofacial clefting. In Zambia, clefting was more prevalent in March-August births 

(57.2%) compared with September-February (42.8%). It is possible that this seasonal variation 

results from maternal malnutrition and/or increased risk of vector-borne diseases during the 

cold season (June-August) (Elliott et al., 2008). In Puerto Rico, conversely, incidence was found 

to increase during the warm season (De La Vega & Martinez, 2006). 

 

1.6.   Classification  

Classification of orofacial clefts usually follows a descriptive structure recommended by the 

Royal College of Surgeons (RCS) of England (Figure 5) (Hodgkinson et al., 2005), although other 

systems exist (Kernahan, 1971). The RCS method involves coding for each cleft based on the first 
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letter of the anatomical structure, including the lip, alveolus, hard palate and soft palate. The lip 

and alveolus are described bilaterally, right to left, whilst the palatal defect is central. Complete 

clefts of each structure are described using an upper-case letter, whilst incomplete clefts use a 

lower case. An intact structure is not represented. For example, a complete bilateral cleft of the 

lip and both hard and soft palates would be described as ‘LAHSAL’, whilst a unilateral 

incomplete cleft of the left lip and alveolus would be ‘al’. 

 

 
 

Figure 5. LAHSAL classification for describing the range of cleft lip and palate phenotypes 

(Hodgkinson et al., 2005) 

 

1.7.   Management 

In 1998, the Clinical Standards Advisory Group (CSAG) Cleft Lip and Palate Study scrutinised cleft 

lip and palate care across the UK and found that ‘results were disappointing compared with 

some of the better European centres’ (Sandy et al., 1998). As a result of the CSAG report and 

recommendations to the Government, the fragmented nature of cleft care in the UK was re-

organised into a centralised model (Bearn et al., 2001), with cleft services being delivered by 

multi-disciplinary cleft teams based in 11 specialist centres (hubs) and associated services being 

provided from a number of ‘spoke’ clinics in local centres (CLAPA, 2018).  
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Management of orofacial clefts begins before birth, with prenatal diagnosis and parental 

counselling. Multi-disciplinary team (MDT) outpatient appointments take place in the first 

weeks of life, followed by lip surgery at 3-6 months and surgery to the palate at around 12 

months, as necessary. Specialist care, including speech investigation clinics (SPIN) by speech and 

language therapy (SALT) and specialist dental care, begin in these first five years and, finally, 

patients are seen again on an MDT clinic at five years of age for review and clinical audit 

(Madahar et al., 2013). 

 

From 5 years through pre-adolescence the intention is to encourage normal eruption of the 

permanent dentition and to minimise, as far as possible, the complexity of future orthodontic 

and/or surgical intervention. This may involve an alveolar bone graft at around 10 years old, 

with or without pre-surgical orthodontics to aid favourable eruption of the maxillary canines. 

Patients are then invited to attend a further MDT/audit clinic at 10 years of age (Rivkin et al., 

2000). Whilst a ‘common’ pathway is followed by most patients from the age of 10 to 20 years, 

during this time additional interventions may or may not be required, which makes the pathway 

somewhat variable for each patient. Definitive orthodontic treatment in early adolescence is 

almost universal. Additional interventions may include oropharyngeal surgery, orthognathic 

surgery, restorative dental treatment, genetic and/or psychological counselling and revision 

surgeries. Patients attend two further MDT/audit clinics at 15 and 20 years (McIntyre, 2014). A 

summary of the patient journey for a child born with BCLP, UCLP and CPO is demonstrated 

below (Figure 6): 
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Figure 6. Care pathway flow diagram for BCLP, UCLP and CPO  
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2. Health Economics 

2.1. Background 

In the UK, all treatment associated with orofacial clefts is funded by the National Health Service 

(NHS) and the provision of such an extensive and broad treatment pathway is inevitably costly. 

A general principle in economics is the dichotomy between scarce resources (input) and an 

unlimited desire on both the quality and quantity of output. In a cash limited system, for every 

pound spent on one expenditure, a myriad of alternative opportunities lose out on that same 

pound. The economic concept of opportunity cost, which is formally defined as ‘the benefits 

that are forgone by choosing one alternative over another’ (Parkin, 2009), underlines this 

principle. In healthcare, available resources are limited, but the number of potentially effective 

technologies that patients and doctors demand is very large (Palmer & Raftery, 1999).  

 

In the healthcare setting, the application of health economics (HE) is of great importance 

because it aims to provide evidence to inform the optimum distribution of a limited resource to 

a diverse population (Rabarison et al., 2015). Economic evaluation (EE), a central component of 

HE, can be applied by way of calculating, to a degree of certainty, the relative value of different 

health care services in terms of costs and consequences (Drummond et al., 2005).  

 

Like any system, healthcare can be thought of in terms of an input and an output and, between 

them, a process. The input is formed of the original state and any associated costs/resource use. 

The output is formed of the outcome state and any associated consequences/benefits. Any 

rejected alternatives make up the opportunity cost, and all outcomes are subject to uncertainty.  

 

In economic terms, decision-making within the healthcare system should strive for efficiency. To 

be efficient, outputs should be maximised in relation to inputs. To aid in the understanding and 
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application of the term ‘efficiency’ in relation to healthcare policy decision-making, Walt & 

Gilson (1994) introduced the concept of ‘content, context and process’ with their policy analysis 

triangle: 

 

• Content: what outcomes could we realistically achieve, and do we have the resources to 

enable this? 

• Context: what arrangement of outcomes will best satisfy our consumers’ wants or 

needs?  

• Process: what is the best way to achieve our outcomes, without wasting scarce 

resources?  

 

Resources must be used to achieve an output but choosing to utilise resources in one way then 

precludes their use for an alternative. Therefore, to make effective healthcare related decisions, 

there should be consensus on the expected output, as this will have implications for the 

efficiency. Traditionally, this can be approached from two differing viewpoints: the welfarist 

approach, and the extra- (or non) welfarist approach.  

 

The welfarist viewpoint takes a broader approach and determines that HE should be judged 

according to the extent to which it contributes to the overall welfare of society. For the welfare 

approach to be successful, it follows that society can achieve an equilibrium, with healthcare 

‘winners’ able to compensate healthcare ‘losers’.  

 

The extra-welfarist approach, by comparison, avoids these complexities by defining efficient 

healthcare intervention as the optimisation of the public’s health (as opposed to well-being), 

and net health outcomes should be large enough to justify the cost of providing them. To aid 
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with the standardised measurement of this approach, the Quality Adjusted Life Year (QALY) was 

developed as a combined quantification of mortality and morbidity. 

 

Health-Related Quality of Life (HRQoL) is an important consideration in both health and 

economic outcomes. The standardisation of outcomes across a wide range of studies for 

purposes of comparison should look to capture as accurate and useful a measurement as 

possible. Measurement of life-expectancy alone as a health outcome is limited in that it 

supposes that an increase in life-years gained is favourable regardless of the quality of those 

years. The QALY incorporates both life-years gained and HRQoL into a single index that can be 

used as a common currency (Kind et al., 2009). Several methods of measuring HRQoL have been 

developed. A current favoured approach is the questionnaire-based method, the EuroQol EQ-5D 

questionnaire, which assesses five domains of general health (NICE, 2017). The HRQoL is 

determined using weighted preferences, termed health utilities, in which the preferences are 

related to the desirability of different health states, where 0 is death and 1 is ideal health 

(Whitehead & Ali, 2010). 

 

The QALY, whilst not a perfect measure, has helped health economists and clinicians compare 

outcomes across otherwise disparate studies. To ensure the accuracy of an evaluation of 

healthcare costs to consequences, it is important that costs are also identified and measured 

with precision. Healthcare costing can be a complex process and, as such, there are several 

approaches to costing that can be employed. One such approach is micro-costing, which can be 

described as the “direct enumeration and costing out of every input consumed in the treatment 

of a particular patient” (Gold, 1996). 
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2.2. Micro-costing vs gross-costing and NHS price-setting 

Micro-costing is an alternative to gross-costing as an approach to determining resource use; 

other terms for these respective methods are ‘bottom-up’ and ‘top-down’. The gross-costing 

method is more straightforward and often used in situations in which a large number of 

procedures and technologies must be accounted for. In this scenario, average costs of activities 

are assigned using national or regional data (Frick, 2009). One example of this is the 

Government’s use of reference costs for the price-setting of NHS funded services in England 

(Department of Health and Social Care, 2016).  

 

The reference costs are a set of costs for the provision of NHS services, which are submitted 

annually by 223 secondary and tertiary NHS providers and published in the National Schedule of 

NHS Costs as average unit costs (NHS Improvement, 2020). The reference costs are 

subsequently used to inform several different NHS work streams, including the setting of 

national tariff prices and the national improvement programme Getting It Right First Time 

(GIRFT). The National Tariff Payment System dictates the price to be paid to Hospital Trust’s for 

the secondary and tertiary NHS care they provide (NHS Improvement, 2016). The tariff price 

changes annually and is affected by the Market Forces Factor (MFF) calculation. The MFF 

provides a multiplication factor for a tariff price based on the level of ‘unavoidable costs’ each 

NHS Trust faces, such as the costs of land, buildings and the influence of London weighting (NHS 

England and NHS improvement, 2019). The lowest MFF value is 1.0000 and this provides no 

uplift on the basic tariff price. The largest MFF in the 2018/19 cost year was 1.2976, attributed 

to the University College London Hospitals NHS Foundation Trust. 

 

Both the reference cost and the national tariff publications collate NHS activity into Healthcare 

Resource Groups (HRG’s). HRG’s are defined as ‘standard groupings of clinically similar 
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treatments which use comparable levels of healthcare resource’. The main role of HRG’s is 

described as being able to deliver ‘fair and equitable re-imbursement… [and to] allow external 

comparative and benchmarking activity to take place’ (NHS Digital, 2018). Whilst the use of 

HRG’s provides a useful way of comparing similar activities in a relatively quick and simple 

manner, the grouping of activities in this way unavoidably loses some of the detail of each 

individual activity. Herein lies the main problem with the gross-costing method: the less 

focussed the approach to costing, the less reliable the results are likely to be. 

 

Micro-costing allows for a more precise assessment of resource use in a healthcare intervention, 

with a focus on accuracy over expedience. Usually performed on a more local level than gross-

costing studies, the results would also be expected to be more specific to the site at which the 

study is undertaken. To achieve this, the literature describes three main stages: (1) identification 

of resources used in the provision of care, (2) accurate measurement of each resource, and (3) 

valuation of these resources (Potter et al., 2020). However, with the increased accuracy of 

micro-costing comes greater labour-intensiveness and a potential for reduced generalisability of 

results (Xu et al., 2014). Unfortunately, there is no defined ‘sweet spot’ at which accuracy and 

time-spent are both optimised. One study is currently underway with the aim of creating a 

checklist for the ‘Conduct, Reporting, and Appraisal of Microcosting Studies in Health Care’ but 

the results are yet to be published (Ruger & Reiff, 2016).  
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2.3. Full and Partial Economic Evaluation 

Economic evaluation can be considered full or partial, both of which are appropriate forms 

depending on the intended aims. An evaluation is considered full if it fulfils the following 

characteristics (Kumar et al., 2006): 

 

• there is a comparison of two or more alternatives 

 

• cost data are assessed 

 

• consequence data are assessed. 

 

Full EE can be described as ‘the comparative analysis of alternative courses of action, in terms of 

both their costs and consequences’ (Drummond et al., 1997). Examples of full evaluation 

analyses are cost-minimisation, cost-effectiveness, cost-utility, and cost-benefit. For a cost-

minimisation approach to be undertaken, the outcomes of competing interventions must be the 

same; the decision is then determined by cost alone. Cost-effectiveness and cost-utility, the 

latter of which is a subset of the former, compare interventions by means of a cost-per-unit 

health outcome. The outcome in cost-utility studies is, by definition, the QALY and in cost-

effectiveness studies is any other health outcome of choice, such as life-years gained. Cost-

benefit analyses present all costs and consequences in the same unit, usually monetary, to allow 

comparison of otherwise disparate factors, such as health, education and justice benefits.   

 

A partial analysis can either stand alone or act as the first step in a full evaluation (Rabarison et 

al., 2015). Whilst a partial evaluation can only provide limited information, there can be good 

reasons for carrying out such a study. Examples of partial economic evaluation include cost-

outcome descriptions, which evaluate the costs and consequences of a single intervention, such 
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as cataract surgery, and cost-of-illness (COI) studies that try to determine the total societal 

burden of a single illness, such as Alzheimers disease. One difficulty with performing a COI study 

is the scope. Identifying, measuring and valuing direct, indirect and intangible costs is a difficult 

task. The nebulous nature of the wide-ranging costs in COI studies tend to create numerous 

assumptions that, if not mitigated with careful sensitivity analyses, can introduce significant bias 

and misunderstanding within the outcome (Costa et al., 2012). A micro-costing analysis is similar 

to a COI study, but differs in its perspective. Rather than evaluating the costs to society as a 

whole, the costs to the service provider and/or patients are the focus (Drummond et al., 2005).  

 

2.4.   Economic Perspective  

An important determinant to outline in EE is the ‘perspective’, because the real or perceived 

cost may differ depending on who is judging it. Examples of different perspectives include the 

provider of the programme (e.g. the NHS), the patient, the carer, or society. The more 

perspectives considered, the more comprehensive the outcome, but also the more complex, 

time-consuming and expensive the study becomes. The research effort consumed by broad 

perspective studies, as well as the difficulties in accurately identifying and measuring all costs, 

mean they can be impractical to carry out (Byford & Raftery, 1998). The recommended 

perspective for technology appraisal varies from country to country. The Netherlands and 

Sweden, for example, are two nations that recommend a societal perspective (International 

Society for Pharmacoeconomics and Outcomes Research, 2020). In the UK, NICE states that ‘the 

introduction of the technology should be considered from the perspective of the NHS and 

personal social services’ (NICE, 2013).  

 

Deciding upon which perspective to evaluate is central to a HE study. The chosen perspective 

will determine the extent of the research, both in terms of practical complexity and applicability 
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of the results. Theoretically, the broader the perspective, the more holistic and the more 

applicable to the ‘real-world’ setting. However, this assumption is dependent on the research 

question and the accuracy of the data collected. The more assumptions that are made, the less 

accurate the final outcome. Least attractive of all is an ostensibly broad yet inaccurate result 

that does not discuss its inherent assumptions. Therefore, an important balance to strike is the 

selection of a perspective that will provide accurate information on the main area of interest 

and which also clearly recognises any assumptions that have been made. 

 

2.5.   Cost Calculation 

Once the perspective has been chosen, a decision must be made as to which costs to include, 

and which to ignore. Clearly, choosing to ignore financial and/or non-financial costs to a 

particular burden-bearer will narrow, but may equally focus, the study. Costs can be largely 

categorised as direct, indirect and intangible (Donaldson, 1998). Direct costs can be thought of 

as the resources expended in providing medical care to the individual (Anders et al., 2013) and 

includes costs to both the health service and the patient. Indirect costs relate to the loss of 

economic productivity resulting from absence or impaired performance of a worker, including 

lost earnings, unpaid tax and sickness benefits and can be borne by a patient, family and society 

as a whole. Intangible costs are related to HRQoL.  

 

To be as accurate as possible, resource use should be costed separately, only being summed 

once each individual category has been comprehensively accounted for (Kumar et al., 2006). 

Health service costs incorporate staff, consumable, pharmaceutical and overhead costs. Some of 

these costs will be more straightforward than others. Consumables for example, are usually 

used once per patient, meaning more precise measurement of individual use can be calculated. 
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Overhead costs, such as the costs of running a hospital department, are more difficult to 

measure on an individual basis and are usually estimated.     

 

2.6. Discounting 

In the context of economic evaluation, discounting works on the idea that costs and benefits 

occurring at different times may be valued differently. Resources used in the present are valued 

more highly than those in the future, as there is an opportunity cost to spending now. Similarly, 

there is a greater desire to receive benefits in the present, than to delay them (Torgerson & 

Raftery, 1999). This becomes important in economic evaluation when spending must occur now, 

to receive a future benefit. In this scenario, the cost is equal to today’s value, but the outcome is 

discounted to its future value. A good example of this is cancer prevention with the human 

papillomavirus (HPV) immunisation programme. Studies have shown that HPV immunisation of 

girls is highly cost-effective. However, in a system with a successful girls-only immunisation 

programme, additional immunisation of boys is less cost-effective, for males will have high 

protection against HPV through herd immunity (Datta et al., 2019).  

 

The discount rate can be calculated with the following formula, in which X is the cost or 

outcome of interest, r is the discount rate, and t is the number of years into the future X occurs: 

                            
Present Value   = __ X ___ 

                            (1 + r) t 
 

Whilst in theory any discount rate can be chosen for a study, the selected value may have a 

powerful impact on conclusions drawn from economic evaluations (Parkinson & Lourenco, 

2015). Failing to discount for health benefits will result in a technology appearing more cost-

effective in an economic evaluation and may have a significant impact upon which proposed 
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healthcare strategy is chosen (Parsonage & Neuberger, 1992). NICE has set its standard discount 

rate for costs and benefits at 3.5% (NICE, 2013), which has remained the same since 2004. 

However, in 2011, NICE set a differential discount rate of 1.5% for health benefits and 3.5% for 

costs in cases in which ‘treatment effects are both substantial in restoring health and sustained 

over a very long period’ [normally at least 30 years] (NICE, 2011). When these differential rates 

are applied during an economic evaluation, the health outcomes will be viewed more favourably 

relative to the costs and the likelihood of acceptance of the technology under appraisal is 

increased.  
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2.7.         Health Economics and Orthodontics 

2.7.1.  Economic Evaluations of Orofacial Clefts 

Published studies of the costs of cleft care in the UK are few and limited in extent. Most 

economic evaluation of cleft care has been performed and published in the United States and 

therefore suffers from difficulties in generalisability across healthcare systems. A well quoted 

source for lifetime fiscal burden of cleft lip and palate on health services and the family, 

considering both direct and indirect costs, puts the average cost per case at $92,000, with a 

range from $29,000 to $246,000 (Waitzman et al., 1994). This study and the figures provided are 

clearly very comprehensive, but accurate calculation of true lifetime costs is fraught with 

challenges including, but not limited to, the lengths of time involved and the difficulties in 

identifying and calculating indirect costs. For this reason, most studies have focussed on direct 

costs, over a specific timeframe, frequently 5 and 10 years. 

 

A recent UK-based investigation of UK cleft care was carried out by Souster (2017). A micro-

costing analysis was performed, including staff salary and travel, consumables, pharmaceuticals 

and overheads, to investigate the costs associated with treatment of individuals from 0-5 years 

with UCLP, both to the NHS and families. The average treatment cost was reported as £7,076, 

with a range from £4,877 to £10,395. The biggest reported cost driver to the NHS was found to 

be the overheads associated with theatres and outpatients, followed by the cost of bed stay, 

staff costs and consumables. The costs of drugs and staff travel were minimal. Costs to families 

were deemed ‘substantial’, although it should be noted that these data were presented with 

caution, as these costs were assumptions, and no families were spoken to directly.  

 

Abbott and Meara (2011) conducted a micro-costing analysis in the United States and found the 

median cost for a child born with UCLP to be $13,013 in the first year of life, equivalent to 
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£7,938 in 2011 (Bank of England Database, 2020). By far the greatest contributor to this overall 

cost was the cleft repair, at 91% of the total. As a fraction of the total cost, 91% is equal to 

$11,842 (£7,224), compared with the first-year surgical costs calculated by Souster (2017), 

which average £3587. Cassell et al. (2008) calculated the costs to Medicaid, a medical insurance 

company, of children born with and without an orofacial cleft (OFC) and reported a mean total 

cost of $22,642 (equivalent to £11,321 in 2008) for children affected with an OFC, compared 

with $3,900 (£1,950) for unaffected children, during the first five years of life. Cost categories 

included those related to medical, inpatient, outpatient, dental, mental health, and home health 

care. Medical and inpatient costs, the majority of which were likely to be associated with 

postpartum care, made up 85% of the total cost to unaffected children, whilst outpatient and 

home health costs made up 6% and 1%, respectively. Equivalent costs for children born with an 

OFC were 72%, 15% and 8%, demonstrating a greater involvement across multiple care 

providers. The only category to demonstrate a reduction in mean costs for children born with 

OFC was well-child care, which amounted to 1% of the total, relative to 7% for unaffected 

children. Mean medical costs for children with OFC, which were greatest in the third year, was 

the only cost category across both groups to peak outside of the first year of life (Figure 7). Total 

mean costs for those children with cleft palate only, which were $25,575 (£12,788), and those 

children with cleft lip and palate, which were $26,817 (£13,409), were similar, as were most of 

the cost categories. Outpatient costs were notably different, at $2,044 (£1,022) and $4,992 

(£2,496), respectively. 
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Figure 7. Health expenditures among children born with (left) and without (right) an OFC during 

the first 5 years of life in North Carolina, 1995–2002 (Cassell et al., 2008) 

 
 

Boulet et al. (2009) studied 859 children with cleft lip, cleft palate, or cleft lip and palate, who 

were enrolled within an ‘employee and dependants’ company healthcare insurance scheme. 

They compared healthcare expenditure, namely inpatient, outpatient and prescription costs, in 

this group with an unaffected group, from 0-10 years. Prescription costs accounted for a similar 

proportion of the costs for each group. Mean inpatient costs for the children born with an OFC 

made up the majority of the costs for these individuals, ranging from 50%-65%, which agrees 

with the equivalent costs identified by Cassell et al. (2008). Mean total costs for children with 

cleft palate equalled approximately $16100, which was equivalent to £9821 in 2009 (Bank of 

England Database, 2020). Mean costs for children with cleft lip and palate totalled $15900 

(£9699) and for those with cleft lip only, $11500 (£7015). Mean costs for unaffected children 

amounted to approximately $2000 (£1220). Notably, these totals are lower than those found by 

Cassell et al. (2008), which is likely explained by the fewer cost categories included by Boulet et 

al. (2009). However, if mean costs of unaffected children are compared as a percentage of mean 

costs of children born with an OFC, both studies are relatively similar; 17.2% (Cassell et al. 2008) 

versus 13.8% (Boulet et al. 2009). These two studies disagree with the equivalent figures 
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published by Waitzman et al. (1996), who reported mean costs for unaffected children to be 

40% of those for children born with an OFC, up to 5 years of age. This might be explained by the 

increasing costs and complexity of medical technologies over time. 

 

2.7.2.  Other Health Economic Evaluations in Orthodontics 

Similar costing analyses have been performed for orthognathic surgery. Three hundred and 

fifty-two individuals who received combined orthodontic-orthognathic surgical treatment in the 

South West of England were studied and costs included staff, consumable, overhead and 

capital. The total average treatment cost for orthognathic surgery was calculated as €6360, 

equivalent to £5024 in 2008 (Bank of England Database, 2020). The average inpatient care 

episode cost was €1455, or £1149 (Kumar et al., 2008), and median orthodontic costs amounted 

to €1456, which equalled almost 25% of total treatment costs (Figure 8) (Kumar et al., 2006).  

 

 

 

 

Figure 8. The cost (€) of orthodontic treatment during combined orthodontic-orthognathic 

surgery (Kumar et al., 2006) 
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3.   Summary of the literature  

Cleft lip and palate is the most common congenital craniofacial abnormality in the UK. The 

aetiology is complex and involves a combination of polygenetic and environmental factors. 

Treatment for cleft lip and palate involves multiple surgical and outpatient interventions that 

are mainly performed between birth and 20 years of age. Since the CSAG report in 1998, patient 

management has involved a multi-disciplinary team approach, across a network of eleven 

specialist NHS hubs and many more local ‘spoke’ units. As the NHS is a publicly funded 

healthcare system with limited resources, the commissioning of NHS services must take into 

account both the needs and intended outcomes of its patients and also the cost of providing 

those services. Health economic evaluation is a tool for assessing the cost of healthcare to 

facilitate decision-making on the provision of healthcare services. There has not yet been a 

study to assess the direct cost to the NHS of the secondary care management of children born 

with cleft lip and palate, from post-alveolar bone graft to 20 years. 
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3. Research Aims & Objectives 

4.1 Research Aims 

The aims of the study were: 

1. To conduct a micro-costing study investigating the direct costs to the NHS of the 

management of children in secondary care born with UCLP, BCLP and CPO, from post-

alveolar bone graft (ABG) to 20 years; for those children that did not receive an ABG, 

record collection began at the 10 year cleft audit appointment. 

2. To explore the NHS reference cost and tariff price against the calculated activity costs 

 

4.2. Research objectives 

The objectives of this study were: 

1. To identify the care pathways for children born with UCLP, BCLP and CPO, from birth to 

20 years 

2. To identify 30 individuals with complete case notes who had undergone treatment for 

non-syndromic UCLP (10 individuals), BCLP (10) and CPO (10) at University Hospital 

Bristol (UHBristol) and who were at least 20 years old at the time of data collection 

3. To design a collection template for recording information from the case notes 

4. To identify costs associated with treatment at UHBristol for the identified patient care 

pathways from post-alveolar bone graft to 20 years 

5. To undertake a cost calculation and statistical analysis for each phenotype (UCLP, BCLP, 

CPO) from post-alveolar bone graft to 20 years 

6. To identify the NHS reference costs and tariff prices associated with the patient activity 

and to compare these with the micro-costed values 
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4. Materials and Methods 

5.1. Patient identification 

This study was categorised as a service evaluation and approval for the study ratified by the 

University Hospital Bristol Trust Caldicott Guardian on 12th April 2018.  

 

In collaboration with members of the South West Cleft Team, secondary care pathways were 

mapped for children born with UCLP, BCLP and CPO. Records of patients treated by the South 

West Cleft Team were included or excluded in the study according to the following criteria: 

 

Inclusion: 

• Patients born with either UCLP, BCLP or CPO 

• Patients who would have reached at least 20 years of age at the time of inclusion 

 

Exclusion: 

• Patients diagnosed with a syndrome associated with the cleft 

 

The aim was to collect 10 sets of hospital patient records for each of the three cleft phenotypes. 

Ten sets of records were retrieved for the UCLP and CPO phenotypes. Only three sets of records 

were identified that matched the inclusion and exclusion criteria for BCLP which reflects the low 

incidence of this phenotype. Upon consideration of whether or not to expand the inclusion 

criteria to ensure 10 records per phenotype, it was agreed that where fewer records were 

available, this would be accepted. Records that were identified were accessed at the South 

West Cleft Team offices at the University of Bristol Dental Hospital. Data were collected and 

entered onto an Excel spreadsheet, which was stored securely on an encrypted USB drive. The 
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patient information on the spreadsheet was anonymised by use of a key and stored separately 

to the spreadsheet. The author is registered with the Information Commissioner’s Office.  

 

The records were scrutinised alongside the mapped cleft care pathway. Ambiguity in the records 

was discussed with the Clinical Director of the cleft service for clarification. Most individuals had 

all their care carried out in the Bristol hub hospitals. Some individuals had their orthodontic 

treatment carried out more local to their home in spoke locations. In these instances, records 

were officially requested for these individuals from the local hospital. These included: Royal 

United Hospitals, Bath; Gloucestershire Royal Hospital, Gloucester; Musgrove Park Hospital, 

Taunton, and Yeovil District Hospital, Yeovil.  

 

Using the spreadsheet, patient episodes were recorded including inpatient and outpatient 

appointments, as well as associated administration, such as the dictation of letters. The starting 

point of data collection was the first outpatient review appointment following secondary 

alveolar bone graft; that is, bone grafting in the mixed dentition to provide bony support for 

tooth eruption and for stabilisation of the maxilla. For those who did not receive an alveolar 

bone graft, the 10-year old audit clinic appointment was used. Information on the specialty and 

grade of the clinician, the date and location, patient (non)attendance, and the duration of the 

activity in minutes was recorded for each activity. Where supplemental information on an 

activity was missing, such as duration, this was discussed with the Clinical Director of the service 

and Dr Jo Thorn, health economics academic supervisor for the study, and best estimates used 

instead.  

 

The cost of the cleft pathway for each individual was then calculated by attributing unit costs 

(2019 cost year) to each activity. The perspective of the study was that of the health care 
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provider, which in this case was the NHS. Costs were separated into groups to simplify the 

identification, collection and management of the information. Based on previous research of a 

similar nature (Kumar et al., 2006; Souster, 2017), the following four groups were adopted: 

staffing, consumables, pharmaceuticals and overheads. Appointments/activity that were 

cancelled by the patient at short notice or not attended altogether were costed as if the patient 

had attended. It was deemed that the clinical time associated with this activity could not be re-

allocated, meaning the NHS absorbed the cost as if the patient had attended. 

 

5.2. Unit cost identification 

5.2.1. Staffing  

Annual salaries for each staff grade are published by the NHS, in the Agenda for Change (NHS 

Employers, 2019), which categorises annual salaries into 9 NHS ‘bands’, plus a ‘consultant scale’. 

Each band is further sub-categorised into ‘years of experience’, which always begins at >1 year 

and rises to 5+, 6+, 7+ or 8+ years, depending on the band. A salary table was produced in Excel 

in line with this document (appendix 1). 

 

To this base salary, employer contributed National Insurance (NI) and pension costs were 

added, as follows. Employer NI contributions begin at a monthly salary equivalent of £719 

(GOV.UK, 2019). Below this threshold, no employer contribution is required and above this 

threshold an invariable 13.8% is contributed. The salaries of all employees included in this study 

were above the threshold and therefore a 13.8% contribution was added to the salary table. 

NHS employer pension contributions are managed by the NHS Business Services Authority 

(NHSBSA), in line with policy announcements from The Department of Health and Social Care. 

On 1st April 2019, it was announced that the NHS pension contribution would be rising from 

14.38% to 20.68% in 2020/2021. However, a transitional period during which the 14.38% figure 
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would continue to apply was extended to 2020/2021 to provide ‘stability for employers’ 

(NHSBSA, 2019). Therefore a 14.38% pension contribution was also added to the salary table. 

The individual NI and pension contribution values were added to the base salary to achieve an 

annual total NHS salary contribution.  

 

From this annual salary, a daily equivalent value was calculated; there are several methods of 

achieving this. One is to divide by 365, but this presumes the individual is paid for every day of 

the year. If this was truly the case, then either an employee would be paid markedly less for 

their contracted working hours or, if 365 days of work was actually available, significantly more 

people would need to be employed to cover the additional hours. Alternatively, to divide by the 

‘annual qualifying days’ which, if bank holidays and annual leave are considered as non-working 

days, equates to 221. The latter approach was chosen as it was felt that this was truer to the 

real-world situation, meaning the annual salary for each role was first divided by 221. Further 

division by eight (hours in a working day), and then 60, produced figures for the salary per hour 

and the salary per minute, respectively. Staff costs for patient activity could then be calculated 

by multiplying the per minute salary by the cumulative minutes of care delivered, for each staff 

member. For example, the NHS pays an average of £1.11 per minute, including NI and pension 

contributions, for the services of a maxillofacial consultant. Suppose this consultant spends a 

total of 500 minutes of recorded activity caring for patient A. The staff cost for this consultant 

for patient A would be £555. The same calculation can then be performed for each additional 

staff member, using their own per minute salary, to achieve a total salary cost for the patient’s 

care.  

 

Salaries for individual staff members involved in cleft care, as for all NHS staff, will vary 

depending not only on their experience, additional qualifications and responsibilities, but also 



 50 

on their employing NHS Trust. In short, it is neither straightforward nor appropriate to identify a 

single salary point for each staff member. Therefore, in trying to use as accurate and 

generalisable figures as possible, a range of salary bands were identified for each staff member 

by combining multiple sources of information, including expert opinion (such as discussion with 

line managers), job advertisements and figures published in previous research. This information 

was then applied to the Excel salary table, to give low, mid and high-point salaries within this 

determined range. Staff cost calculations, as per the example given above, could then be carried 

out using this range, to give minima, median and maxima staff costs. 

 

Surgery and recovery duration were identified on the anaesthetic chart. In cases where the 

anaesthetic record was not available, which was an infrequent occurrence, the anaesthetic 

times of all those patients in the study who did have complete records for the same procedure 

were averaged and used as a proxy. When the author attended theatre to observe a surgical 

procedure, it was evident that the duration given on the anaesthetic record did not encompass 

the entire time dedicated by the theatre staff (surgeons, anaesthetist and nursing team) to that 

surgical activity. ‘Peri-operative’ activity, such as sending for the patient, preparing the patient 

for anaesthesia, cleaning down theatre, and writing of clinical notes, for example, were 

unintentionally excluded when using the anaesthetic chart only. This was discussed with the 

surgical team, who agreed that considerable additional time is spent in theatre than solely the 

surgical/anaesthetic time. Two oral and maxillofacial surgeons were asked for their expert 

opinion on this matter, with an estimated time period given of 30-45 minutes per procedure, 

depending on the complexity. The author was then provided with access to electronic patient 

records of four individuals who recently underwent maxillary osteotomy at Musgrove Park 

Hospital, which demonstrated that this peri-operative time was consistently 50 minutes in these 

cases. These findings were discussed with a health economist and by combining the evidence 
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received, and taking into consideration that an osteotomy is one of the more complex 

procedures undertaken in our cohort of patients, it was agreed that 40 minutes would be added 

to the duration of each surgical procedure to take account of this peri-operative activity. 

 

The durations of outpatient clinics were not readily available from the notes. In this case, expert 

opinion was used. Outpatient activities were identified from the clinical record and a consultant 

from each relevant specialty was approached, who estimated the average appointment time for 

each activity. In the case of cleft audit clinics, during which a patient will see multiple specialties 

for separate consultations in one session, the author attended one of these clinics to better 

determine the time spent by a patient at this appointment. It was observed that, on average, a 

patient would spend 15 minutes with each specialty. There was agreement amongst the staff 

present, as well as with previous research undertaken on this subject (Souster, 2017), that this 

was an accurate representation of similar appointments of this type. This figure was therefore 

applied to all cleft audit clinics in the study. 

 

5.2.2. Consumables 

As with staff costs, consumables were calculated for both inpatient and outpatient 

appointments. Consumables can be separated into, inpatient and outpatient sterilisation costs, 

inpatient and outpatient items and instruments, and laboratory work (appendix 2).  

 

Sterilisation costs for inpatient episodes differ depending on the procedure being performed. To 

determine the consumables used during surgery the author visited Queens Day Unit (QDU) 

theatres at UHBristol, where adolescent and adult surgery for individuals with orofacial clefts is 

carried out. Instrument lists were provided to the author by the operating theatre staff, both for 

the sterilisable trays of instruments and single use equipment used for each procedure. A list of 
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sterilisation costs were obtained from the Head of the Central Sterile Services Department 

(CSSD) at UHBristol, and the appropriate costs for each procedure identified and applied. The 

costs of single use instruments were identified on the computer ordering system. To help 

corroborate and validate the instrument list, the author attended a theatre session in which an 

individual with UCLP underwent a maxillary osteotomy.  

 

A sterilisable tray of instruments was used in the case of most outpatient appointments. 

According to CSSD, all outpatient trays were sterilised at a cost very close, or equal, to £20 per 

tray. Cleft audit clinics and other cleft multi-disciplinary clinics rarely involve a sterilisable tray, 

instead using one disposable mirror per patient, as well as gloves for the clinician. Due to the 

low cost of these items (usually less than 20p per patient, per appointment) and relative 

infrequency of these clinics (usually between 5 and 10 per patient), these costs were not 

included in the tally.  

 

Most patients in the study underwent at least one, and in some cases two, courses of 

orthodontic treatment. The clinical notes were not comprehensive enough to determine exactly 

which consumables were used per person. Instead, an average list of items was agreed between 

the author and a consultant orthodontist. As some patients only underwent treatment of a 

single arch, the list of consumables was calculated on a single arch basis. Where two arches 

were treated, the total cost was doubled. The costs were split between ‘bond up’, ‘fixed 

adjustment’ and ‘debond’ appointment types. To try to ensure certain consumables were 

included but not over-counted, such as orthodontic archwires that are expensive and not 

necessarily changed at every appointment, these items were included in the ‘bond up’ 

consumable cost. Only those items that were sure to be changed at each adjustment 

appointment, such as orthodontic modules, gloves and mask, were included in the costs for 
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these appointments. Some assumptions were necessarily made for this method to be applied to 

all patients. For example, all teeth were assumed present. As such, the list for a fixed 

adjustment appointment included the costs of 10 orthodontic modules, and the list for a bond-

up appointment assumed that second molar to second molar was bonded. It was also assumed 

that four archwires and four bags of inter-maxillary elastics were used. 

 

Laboratory work costs were provided by the UHBristol dental lab. These include orthodontic 

costs, such as the production of study models, removable appliances and retainers; restorative 

costs, such as veneer fabrication and lab time used for visiting the clinic; and multi-disciplinary 

costs, such as orthognathic surgical wafer production. The lab also provided a cost for PAR 

scoring of orthodontic study models, that was assumed to have taken place after each course of 

orthodontic treatment. 

 

5.2.3. Pharmaceuticals 

It was evident from the clinical notes that pharmaceuticals were seldom provided during 

outpatient appointments. In the small number of cases that pharmaceuticals were provided, the 

costs were very low. Therefore, only those provided during inpatient stays were considered. 

During an inpatient stay, the situations in which pharmaceutical use was commonly recorded 

were: those ‘to take away’ (TTA), and those to achieve and maintain anaesthesia, during surgery 

and recovery (appendix 3). 

 

Pharmaceuticals prescribed for anaesthesia, during surgery and for recovery, were all to be 

found on the anaesthetic chart. On the whole, the drugs used for different procedures were 

similar: a volatile anaesthetic agent, anaesthetic maintenance agents, a muscle relaxant, an anti-

emetic, a corticosteroid, a painkiller and an antibiotic. For this reason, it was decided that an 
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‘average’ list would be drawn up and applied to all procedures. The list was discussed and 

finalised with the help of a consultant anaesthetist with responsibility for drug ordering and 

costing at UHBristol, and included: sevoflurane, fentanyl, propofol, atracurium, ondensatron, 

dexamethasone, paracetamol, and co-amoxiclav. This same consultant also advised that 1 litre 

of Hartman’s solution would typically be used per procedure, and this was therefore included in 

the cost. The volatile agent, sevoflurane, was provided at a per hour cost. All other drug costs 

were provided on a per vial/ampoule basis.  

 

TTA drugs are those prescribed for a patient to take home with them. Again, whilst these can 

vary for different procedures, it is usual for TTAs to be similar and to typically include two 

painkillers, an antibiotic and, if the procedure involved the mouth, an antiseptic mouthwash. An 

average TTA list was therefore also compiled and applied to each surgical procedure. This 

included: paracetamol, ibuprofen, co-amoxiclav and, if an oral procedure, chlorhexidine 

mouthwash. Costs for these were taken from the British National Formulary website (NICE, 

2019). 

 

As drugs prescribed on the ward were very rarely recorded and, when they were, included only 

low-cost painkillers such as paracetamol, it was decided not to include ward drug costs in the 

micro-costing calculations.  

 

5.2.4. Overheads  

The Finance Department at UHBristol was contacted for information on the overhead costs 

(appendix 4). Following discussion with Dr Jo Thorn, the following overheads were included in 

the information requested from the Finance Department: administration, catering, laundry, rent 

and rates, uniforms, portering, waste disposal, property maintenance, utilities and capital 
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charges (NHS Scotland, 2010). An extremely comprehensive list of overheads was provided by 

the Finance Department. In some cases, staff costs were still present in these lists. As far as 

possible, those staff costs that had already been included in the micro-costing were removed 

from the overhead lists, to minimise the risk of double counting of the staff data. 

 

Overheads for outpatient visits were calculated by multiplying the outpatient overhead cost 

provided by the Finance Department of £1.21 per minute, by the total outpatient clinic time for 

that patient, inclusive of relevant letters dictated by the corresponding staff member.  

 

Overheads for inpatient visits were separated into those attributable to theatre time and those 

attributable to the ward stay. The author visited QDU and met with the Clinical Theatre 

Manager to observe a patient journey. Following surgery, all cleft patients are cared for on ward 

A700. This information was relayed to the Finance Department and a cost of £234.28 per day 

was provided for this ward. This figure was multiplied by the number of inpatient nights, which 

was assumed to be the equivalent of a 24 hour stay, to reach a total figure for each stay. For 

theatre overheads, a cost of £2.21 per minute was provided, which was multiplied by the 

duration of surgery and recovery, combined.  

 

5.3. Data collection 

Considerable time and care were taken during data collection in order to identify all reasonable 

cost sources. Patient notes were scrutinised in detail, and information triangulated across 

clinical notes, surgical summaries, and patient letters, to build an accurate and detailed picture 

of each individual’s care, and the associated cost implications. In several cases, this process 

made it evident that some information, usually the clinical notes of an individual partially 

treated in a spoke hospital, was missing from the file. In these situations, a formal request was 
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made to the hospital for the missing information, all of which were successful. Where possible 

and practicable, the author personally attended clinics and surgical procedures to develop 

insight of the staffing, consumables and duration of these, which acted as a useful reference 

when collecting data. For example, because explicit information on the presence of nursing staff 

in theatres during surgery was often not clear in the surgical notes, this was determined by the 

author attending theatre. Following discussion with the nursing and surgical staff present, it was 

agreed that for all procedures it was usual for a band 5 anaesthetic nurse, two band 4 theatre 

nurses and a band 5 recovery nurse to be present during and/or after the procedure. This was 

then applied to the data collected on all procedures performed in theatre. When doubt or 

uncertainty existed as to the impact of a procedure on the costing, further information was 

sought by expert opinion, including professors and clinical consultants across multiple 

specialties and an academic researcher in health economics, to reach a consensus on how to 

manage each scenario.  

 

The raw data were collected in an Excel spreadsheet. There are positive and negative aspects to 

using Excel. On the one hand, Excel is a universally known and accessible software, which 

enables those with relatively limited experience of data collection a simple method of gathering 

and storing raw data. However, Excel is neither a database package, such as Microsoft Access, 

nor a statistical analysis package, such as Stata. As a result, it can be more prone to data input 

errors, including accidental modification of the raw data, compared with these more tailored 

programs. This is particularly true if manipulation of the data is required, such as calculations. 

The risk of ‘corrupting’ the raw data when performing calculations in Excel is increased. 

Therefore, it is important when using Excel to safeguard against these potential sources of error 

where possible. To this end, data validation tables were built into the spreadsheet to reduce the 

chance of mistakes during data entry. Entries were then either selectable from a drop-down list 
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or, if the data were entered manually, any entries not in agreement with the validation table 

would not be allowed. For example, the options ‘inpatient’ and ‘outpatient’ could be selected 

for the in/outpatient column in the spreadsheet. If entering an option manually, a spelling 

mistake such as ‘inptient’ would not be allowed by the data validation table. The raw data were 

then transferred to Stata, within which the statistical analysis was performed. 

 

5.4. Comparison of micro-costing with the NHS reference costs and tariff price 

Individual episodes of care, termed ‘activities’, made up the basic unit of the raw data. These 

ranged in number between 30 to 142 per patient and covered the period from post-alveolar 

bone graft to 20 years of age. As well as facilitating the calculation of total patient costs, 

activities were also micro-costed in their own right. The total cost of each individual activity was 

made up of the component staff, consumable, pharmaceutical and overhead costs. The many 

letters present in the patient record were also identified as an activity. To account for the time 

spent dictating these, an additional 5 minutes was recorded, per letter, against the grade of the 

clinician responsible for that letter. In some instances, one clinician dictated multiple different 

letters to different colleagues/patients, at a single appointment. In such cases, the number of 

letters was multiplied by 5 minutes to account for the additional time. Time spent writing and 

sending the letters is considered an administrative cost and was therefore covered by the 

outpatient overhead cost. The price paid to hospital Trusts for undertaking cleft care is specified 

by the NHS tariff and these are informed by the preceding years’ NHS reference costs, which are 

the national average costs of NHS activity. It is therefore possible to compare the cost incurred 

by the service under study, which is based on the micro-costed figure, with both the national 

average cost of that service (reference cost) and the price that the Trust is paid for that service 

(tariff price). 
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The reference costs and the tariff prices were sourced from the National Schedule of NHS Costs 

(NHS Improvement, 2020) and the National Tariff Workbook (NHS Improvement, 2019), 

respectively. Both of these spreadsheets are updated annually. Activity is grouped into HRG’s, 

which are categories of similar healthcare procedures. The HRG’s for inpatient, daycase and 

outpatient procedures are commonly subcategorised by age group and/or ‘complication and 

comorbidity’ (CC) score, for example ‘Major Maxillofacial Procedures, 18 years and under’. The 

unit cost and tariff price of each HRG subcategory is then distinguished by means of attendance, 

such as ‘Elective’, ‘Non-elective’, ‘Outpatient’, and so on. The HRG descriptions and codes are 

the same in both the reference cost and tariff price spreadsheets, which makes for 

straightforward comparison. Importantly, the tariff price is subject to the relevant MFF value, 

which is to be found in the National Tariff Workbook. The MFF for University Hospitals Bristol 

NHS Foundation Trust in the 2018/19 cost year is 1.0841. In practice, this means multiplying the 

baseline tariff price by the MFF, to calculate the price paid to the Trust of interest. For example, 

if the baseline tariff price for a procedure is £100, the price paid to the University Hospitals 

Bristol NHS Foundation Trust for that procedure will be £108.41. 

 

Since HRG’s are grouped, navigation of this document is supported by the NHS Digital ‘Code to 

Group’ publication, which lists an OPCS (Office of Population Census and Surveys) code for each 

constituent procedure (NHS Digital, 2019). For example, when searching for the reference 

cost/tariff price of a maxillary osteotomy, the OPCS descriptor ‘Osteotomy of alveolar segment 

of maxilla’ is found, which links to OPCS code V105. The V105 OPCS code translates to HRG code 

CA93. Identification of this code in the National Schedule of NHS Costs and National Tariff 

Workbook documents produces the HRG descriptor ‘Major Maxillofacial Procedures’, with the 

subcategories of ‘19 years and over, with CC Score 1+’, ‘19 years and over, with CC Score 0’, and 

’18 years and under’. This HRG can then be followed across the columns until the appropriate 
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means of attendance is found, which in this case is ‘elective inpatient’ in the National Schedule 

of NHS Costs and ‘combined day case / ordinary elective’ in the National Tariff Workbook, and 

the figure read from the relevant box. 

 

This process was carried out for each procedure and compared with the costs derived from the 

raw data collected in this study. In some cases, more than one OPCS descriptor could potentially 

be applied to a procedure. For example, the procedure alveolar bone graft could link to both 

‘alveolar bone graft to maxilla’ or ‘augmentation of alveolar ridge’. Similarly, the procedure 

rhinoplasty could link to ‘rhinoplasty NEC’, ‘alar reconstruction with cartilage graft’, or ‘other 

specified plastics operation on nose’. In these cases, the option deemed most appropriate was 

chosen. This was a two-step process, first, the question was asked ‘does the OPCS descriptor 

describe well the procedure being undertaken in our cohort of patients?’. Second, ‘is the OPCS 

descriptor likely to better describe a procedure undertaken for other reasons?’. For example, 

alar reconstruction with cartilage graft is a procedure often performed on skin cancer patients 

following surgical resection. In the above examples, therefore, ‘alveolar bone graft to maxilla’ 

and ‘rhinoplasty NEC’ were considered the most appropriate descriptors.  

 

The process for identifying HRG’s for first and follow-up review clinics is slightly different. A 

separate tab lists the treating specialties, such as ‘maxillofacial’, ‘orthodontics’ and so on, and 

categorises the costs/prices by whether the appointment is led by a single professional or is 

multi-professional, and whether the appointment is the patient’s first with that specialty or a 

follow-up. On the whole, multi-professional first appointments attract the largest tariff and 

single professional follow-up appointments, the smallest. Appendix 8 shows which HRG codes 

were selected for each activity. 
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5.5. Data analysis 

The data collected as part of the micro-costing study were analysed using Stata Version 16 

(Stata Corp, College Station, USA) and presented as summary statistics, namely means and 

standard deviations, medians and interquartile ranges. Where 95% confidence intervals are 

provided, these have been calculated using the bootstrapping method, using 5000 repetitions.  

 

The results of the analysis have been presented in several ways: 

• The mean overall cost of care for each phenotype, both as total and 

inpatient/outpatient costs, 

• The value of the individual cost types (staff, consumables, pharmaceuticals and 

overheads) for each phenotype 

• The cost of the activity, by specialty, by location (hub or hub/spoke), and by incisor 

relationship, and  

• The cost of the activity (presented as individual procedures) compared with the NHS 

reference costs and tariff prices (including MFF). 
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5. Results 

6.1.  Total cost of cleft care by phenotype 

The mean cost of care for children born with UCLP from post-alveolar bone graft to 20 years of 

age and treated in NHS secondary care was £7977 per patient (range £3385 - £16518), for BCLP 

£9416 (range £3360 - £16924) and for CPO £3809 (range £1842 - £6876). In the following 

sections, pertinent data are compared and contrasted; for a breakdown of individual patient 

costs, see appendices 5 and 6. 

 

6.1.1 Total cost by cost type 

Of the cost types, staff costs made up the largest portion of total costs and accounted for 

between 37% and 40% across all phenotypes. The next largest variable, overheads, accounted 

for 34% of UCLP, 32% of BCLP, and 35% of CPO care. Consumables were also relatively 

consistent across the phenotypes and comprised 27%, 30% and 24%, respectively. 

Pharmaceutical costs made up a small percentage of total costs, amounting to less than 1% 

across all phenotypes.  

 

Figure 9 comprises strip plots for each of the four principal costs (staff, consumables, 

pharmaceuticals and overheads) and for each of the three cleft phenotypes. The median and 

interquartile ranges (staff costs at salary mid-point) are represented by the vertical bars. The 

means are represented by the broad horizontal lines and the individual patient costs are 

represented by the blue dots. A breakdown of individual patient costs, means and standard 

deviations can be found in appendix 5. 
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Figure 9. Strip plots for each of the four cost types (staff, consumables, pharmaceuticals and 

overheads) for each cleft phenotype. The y axis denotes cost (£) and the x axis denotes the cleft 

types (B=BCLP, C=CPO, U=UCLP). The vertical bars illustrate the median and interquartile range, 

whilst the broader horizontal line illustrates the mean. Each individual patient is represented by 

a blue dot. 

 

6.1.2 Total cost as inpatient vs outpatient costs 

Outpatient costs exceeded inpatient costs across all phenotypes (Figure 10). This was a result of 

the high number of outpatient clinics attended, as well as the surgical procedures that were 

undertaken as outpatient activity. Across the three phenotypes, 97% of appointments were 
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outpatient clinics and 2% were outpatient surgical procedures. Therefore, only 1% of all activity 

was for inpatient surgery.  

 

The ratio of outpatient to inpatient activity was similar within each phenotype. In the BCLP 

cohort, 186 (95%) appointments were outpatient clinics, six (3%) outpatient surgery, and four 

(2%) inpatient surgery. In the CPO cohort, 438 (99%) appointments were outpatient clinics, 

three (0.6%) outpatient surgery, and two (0.4%) inpatient surgery. In the UCLP cohort, 630 

(96.5%) appointments were outpatient clinics, nine (2%) outpatient surgery, and five (1.5%) 

inpatient surgery. 

 

Although very few appointments were inpatient based, the relatively high cost of inpatient care 

meant that, in cost terms, the inpatient/outpatient imbalance was not excessive. However, the 

cost of outpatient activity still accounted for a higher proportion of total costs across all three 

phenotypes (BCLP: 68%, CPO: 92%, and UCLP: 75%) 

 

The total number of appointments cancelled by patients or non-attended without notice were 

also calculated for each phenotype (see Appendix 6 for breakdown of appointments). 

Respectively, these amounted to five and 23 for the BCLP cohort, 24 and 59 for the CPO cohort 

and 16 and 82 for the UCLP cohort. As a percentage of total appointments, these accounted for 

14%, 19% and 15%, respectively. As the largest proportion is in the CPO cohort, which had the 

lowest mean total treatment costs, poor attendance does not seem to have had a significant 

effect on treatment costs at the phenotype level. The majority of poor attendance was 

concentrated to a small number of patients within each cohort. In the CPO cohort, 45 of the 83 

(54%) cancelled or non-attended appointments were attributable to three individuals. In the 

UCLP cohort, this difference was even more exaggerated, with 88 of the 98 (90%) occurring in 
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three individuals. In the BCLP cohort, two of the three patients accounted for 96% (27 out of 28) 

of the cancelled or non-attended appointments.  

 

 

 

Figure 10. Relative inpatient and outpatient costs (£) for each cleft phenotype 

 

6.2   Cost types 

6.2.1 Staff costs 

Total mean staff costs for each phenotype are as follows: BCLP: £3543 (95% CI £1357 to £5729), 

CPO: £1546 (95% CI £1152 to £1940) and UCLP: £3108 (95% CI £2106 to £4110). 

 

Mean surgical (£951) and mean orthodontic (£948) staff costs both contributed 27% to total 

staff costs in the BCLP cohort (Figure 11). Similarly, in the UCLP cohort, mean orthodontic staff 

costs (£823) contributed 27%, whilst surgical staff costs (£778) contributed 25%. However, in 

the CPO cohort, mean orthodontic staff costs (£566) outweighed mean surgical staff costs 
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(£190) considerably, amounting to 37% as compared to 12%, respectively. Mean anaesthetic 

staff cost contribution was 11% (£401), 10% (£322) and 3% (£49) for BCLP, UCLP and CPO, 

respectively. The BCLP and UCLP cohorts underwent relatively more inpatient care (2% and 1.5% 

of all appointments) than the CPO cohort (0.4% of all appointments) and this is reflected in 

these figures. 

 

At an individual patient level, there was variation in staff costs. The treatment for those patients 

who underwent more surgical procedures incurred a higher staff cost than those undergoing 

fewer procedures. For example, in the UCLP cohort, the patient who underwent the most 

surgical procedures (N=6) also incurred the highest staff costs, which amounted to £6158 (20% 

of the total). Equally, fewer surgical procedures tended to result in a lower staff cost. Fewer 

appointments overall also tended to result in lower staff costs. The patient in the UCLP cohort 

whose treatment incurred the lowest staff cost, at £1319 (4% of the total), underwent only one 

surgical procedure and 31 appointments, the lowest in the cohort.  

 

In the CPO cohort, there were fewer surgical procedures overall. Five patients underwent one 

surgical procedure each. Together, these patients made up 68% of total CPO staff costs. The 

highest staff cost in this cohort was £2606 (17% of the total). This patient underwent one 

surgical procedure as well as the most appointments in the cohort (84). By contrast, the patient 

with the lowest staff cost, at £789 (5% of the total), underwent no surgical procedures and the 

fewest appointments in the cohort (24).  

 

The BCLP cohort included fewer patients (three, compared to ten in each of the UCLP and CPO 

cohorts). In this cohort, one patient underwent six surgical procedures, another underwent two, 

and the last none. As might be expected, the staff costs for the patient who underwent the most 
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surgical procedures were also the largest, at £6223 (59% of the total). Consistent with the 

pattern in the other cohorts, this patient also had the most appointments overall (105). Again, 

the patient who underwent no surgical procedures also had the lowest staff costs, at £1693 

(15% of the total) and had the fewest appointments overall (36). 

 

 

 
 

Figure 11. Mean staff cost contributions (£) (at salary mid-point) for each specialty as a 

proportion of the total mean staff costs, for each phenotype (maxillofacial and plastics have 

been combined as ‘surgical’) 
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6.2.2 Consumable costs 

Total mean consumable costs for each phenotype are as follows: BCLP: £2801 (95% CI £629 to 

£4972), CPO: £923 (95% CI £623 to £1224) and UCLP: £2133 (95% CI £1292 to £2975). 

 

Mean outpatient sterilisation cost was the largest consumable cost contributor in the UCLP and 

CPO cohorts, at £951 (45%) and £594 (65%) respectively (Figure 12). This percentage was 

slightly lower in the BCLP cohort, at £922, which was 33% of the total. The high number of 

outpatient appointments attended by all phenotypes (645, 451 and 192, respectively) 

contributed to these high figures. The lower outpatient sterilisation percentage in the BCLP 

cohort was largely due to the high cost of inpatient materials in this group, which was £954 

(34%). By comparison, the mean inpatient material cost in the UCLP and CPO cohorts were £549 

(26%) and £56 (6%), respectively. Inpatient materials refer to the non-sterilised materials used 

in theatre, which can include some expensive items, such as gold chains used in surgical canine 

exposure and grafting materials used in alveolar bone grafts (see Appendix 2). Inpatient costs in 

the CPO group were low as a result of the few surgical procedures undertaken in this cohort, 

which amounted to five procedures across 10 patients. This compared with 10 procedures 

across three patient and 24 procedures across 10 patients, in the BCLP and UCLP cohorts, 

respectively.  

 

Mean laboratory work costs in the BCLP and UCLP cohorts were relatively high compared to the 

CPO group. This was likely a result of the maxillary osteotomy procedures within these groups. 

The maxillary osteotomy procedure aims to correct facial skeletal disproportion and is 

undertaken once growth has slowed or ceased, often in early adulthood. The surgeon and 

orthodontist work closely with the dental laboratory for this procedure, to produce a surgical 
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wafer that helps guide the surgical movements during the operation. The process of fabricating 

the surgical wafer is time-consuming and incurs a relatively high laboratory cost (£340). 

 

At an individual patient level, in the UCLP cohort there was again a trend for higher consumable 

costs with more surgical procedures. The highest individual consumable cost (£4539) was 

associated with the patient who underwent the most surgical procedures (N=6). The lowest 

consumable cost was six times smaller (£752). This patient underwent one surgical procedure. 

Three other patients also only underwent one surgical procedure, but the consumable costs 

related to these were all higher (£817, £1217 and £1221). The respective number of overall 

appointments for these four patients were 29, 31, 50, 51, which also happened to be the four 

fewest in the cohort.  

 

In the CPO cohort, the largest consumable cost (£1980) was incurred by the patient who also 

had the largest staff cost. This patient underwent one surgical procedure, a surgical canine 

exposure, and 84 appointments overall. Four other patients underwent one surgical procedure, 

the consumables costs ranging from £618-£1523. The patient with the lowest of these (£618), 

who underwent a palatoplasty, had consumable costs of only around 30% of the largest 

consumable cost (£1980) and yet combined inpatient material and inpatient sterilisation costs 

for a palatoplasty are higher (£276) than those for a surgical canine exposure (£199). However, 

there was a disparity in the number of these two patients’ overall appointments. The individual 

with the higher consumable costs (and who underwent surgical canine exposure) had 84 

appointments, whilst the patient with the lower costs (who underwent a palatoplasty) had 26 

appointments.  
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Similarly, in the BCLP cohort, the largest consumable cost (£5249) was again owned by the same 

patient who had the largest staff cost. This patient underwent six surgical procedures and 105 

appointments overall. The lowest consumable cost in the BCLP cohort (£477) was less than 10% 

of the highest consumable cost. This patient did not undergo any surgical procedures.  

 

 

 

 

Figure 12. Mean consumable cost (£) contributions as a proportion of the total mean 

consumable costs, for each phenotype. 

 

6.2.3 Pharmaceutical costs 

Total mean pharmaceutical costs for each phenotype are as follows: BCLP: £62 (95% CI -£3 to 

£126), CPO: £10 (95% CI £4 to £17) and UCLP: £54 (95% CI £29 to £79). 
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Mean pharmaceutical costs made up a very small proportion of total costs. Drugs prescribed for 

the patient to take away (TTA) made up no more than 0.2% of the total mean treatment costs 

for each phenotype. Drugs used in theatre and during recovery made up the largest proportion 

of total pharmaceutical costs (Figure 13) and comprised 65% (CPO), 71% (BCLP) and 73% (UCLP). 

Total mean pharmaceutical costs were unsurprisingly low in the CPO cohort (£10), compared 

with BCLP (£62) and UCLP (£54), as this group underwent very few surgical procedures. Total 

surgical procedures in these cohorts amounted to 5, 10 and 24, respectively. 

 

 

 

Figure 13. Mean pharmaceutical cost (£) contributions as a proportion of the total mean 

pharmaceutical costs, for each phenotype (TTA = drugs prescribed ‘to take away’) 

 

 

 



 71 

6.2.4 Overhead costs 

Total mean overhead costs for each phenotype are as follows: BCLP: £3011 (95% CI £1067 to 

£4954), CPO: £1329 (95% CI £918 to £1741) and UCLP: £2682 (95% CI £1732 to £3632). 

 

The greatest mean overhead cost contributors across all phenotypes were those associated with 

outpatient activity (Figure 14), accounting for 48% (BCLP), 58% (UCLP) and 82% (CPO) of total 

overhead costs. As with consumable costs, this was probably because of the relatively large 

number of outpatient visits for children of all phenotypes. For children born with CPO, the 

percentage was higher as a result of the relatively few inpatient visits during the period post-

alveolar bone graft to 20 years of age (two procedures within this cohort) and the relatively few 

inpatient nights per stay (one inpatient night per procedure).  

 

At an individual patient level, overhead costs strongly reflected the number of surgical 

procedures, across all phenotypes. The two patients who underwent six surgical procedures, 

one in the BCLP and one in the UCLP cohort, had the highest overhead costs (£5313 and £5678, 

respectively). On the whole, patients across all phenotypes who had from zero to two surgical 

procedures had overhead costs ranging from £557 (CPO) - £2529 (BCLP), and those who had 

from four to six procedures ranged from £3666 (UCLP) - £5678 (UCLP). The one exception to this 

was a patient in the UCLP cohort who underwent only two surgical procedures yet generated an 

overhead cost of £4245. This outlier is discussed in further detail in the Discussion.  
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Figure 14. Mean overhead cost (£) contributions as a proportion of the total mean overhead 

costs, for each phenotype. 

 

6.3 Cost of treatment by specialty 

Figure 15 shows mean costs by treatment specialty. In/outpatient surgery contributed the 

greatest treatment cost to children born with both BCLP, costing £4773 (50% of total), and 

UCLP, costing £3347 (42%). Orthodontics was the next most expensive treatment in these 

groups, amounting to a mean cost of £2822 (30%) and £2469 (31%), respectively. For children 

born with CPO, mean orthodontic treatment costs were lower at £1862, but the contribution to 

the total treatment cost was markedly greater (49%). There were of course fewer surgical 

interventions in this group. The mean surgical cost in the CPO group (£560) was six to eight 

times smaller than the BCLP and UCLP groups, respectively, whilst the mean surgical procedure 

number in each group was 0.5 (in other words, five procedures across 10 patients), 3.3 and 2.4.  
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Mean costs for routine speech and language therapy [SALT] (£187) and SPIN care (£164) were 

markedly higher for the CPO cohort, compared with both the UCLP (£5 and £0) and BCLP 

cohorts (£12 and £62). There were nine SPIN clinics in the CPO cohort and only one in the BCLP 

cohort.  

 

Mean costs for audit/multi-disciplinary (£792) and psychological care (£241), on the other hand, 

were notably higher in the BCLP cohort, in comparison to both the UCLP (£588 and £46) and 

CPO cohorts (£260 and £108). The BCLP cohort had, on average, the fewest cleft audit clinics per 

patient (less than one), often due to patient cancellation or geographical re-location. Cleft audit 

clinics are scheduled for 10, 15 and 20 years old so, in most cases, individuals in this study would 

be expected to have three each. The UCLP cohort had just over twice as many (1.8), per patient, 

and the CPO cohort just over three times as many (2.4). However, the BCLP cohort had more 

multi-disciplinary team reviews (8.7), per patient. This was twice as many as the UCLP cohort 

(4.7). No dedicated multi-disciplinary team review clinics took place in the CPO cohort.  

 

The mean cost of restorative care, which included dental hygiene treatment, was greater in the 

UCLP cohort (£471) than both the BCLP cohort (£236) and CPO (£86). Most of the 

restorative/hygiene activity was dental hygiene treatment. The only intervention undertaken by 

a restorative dentist was veneer preparation and provision, which was undertaken in the UCLP 

cohort and ties in with the increased restorative cost in this cohort. 
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Figure 15. Proportion of total mean costs (£) attributable to each treatment type 

 

6.4    Cost of treatment by location 
 

17 patients were treated at the hub unit only and six (five UCLP and one BCLP) were treated at 

hub and spoke units, including Yeovil District Hospital, Musgrove Park Hospital, Royal United 

Hospital Bath, and Gloucester Royal Hospital. The mean care cost for those individuals treated in 

hub and spoke units was 25% more than those treated in hub only (Figure 16). The range of the 

treatment costs at the hub unit was £1842 - £16518 and across hub and spoke units was £3385 - 

£16924. The mean amount of activity undertaken in the hub and spoke group was 78, compared 

to 71 in the hub only group. Mean number of surgical procedures were 2.5 and 1.4, respectively. 

Mean number of inpatient nights was 0.8 and 0.6. A comparison has not been made between 

phenotypes, as all ten of the CPO cohort were treated at the hub unit.  

 



 75 

 

 

Figure 16. Mean cost of treatment (£) provided at either a hub unit only, or combined hub and 

spoke. 

 

6.5   Cost of treatment by incisor relationship 
 

Two patients presented with a Class I incisor relationship, four with Class II division 1, one with 

Class II division 2, and 16 with a Class III incisor relationship. Figure 17 shows that the mean cost 

of treating those presenting with a Class III incisor relationship was the greatest, followed 

closely by those with a Class I incisor relationship. Treatment for those presenting with a Class II 

division 2 incisor relationship was the least expensive, on average. The mean number of 

activities in the Class I group was 78, compared to 70 in the Class II division 1 group, 42 in the 

Class II division 2 group, and 75 in the Class III group. The disparity in the number of patients 

between each of these groups means that any results should be interpreted with some caution.  
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Figure 17. Mean cost of treatment (£) according to the patient’s incisor relationship.  

 

6.6    Cost of activity vs NHS reference cost and tariff price 

The sections below are subcategorised by individual specialty and describe the number and cost 

of each activity, as calculated from the data. These micro-costed figures are then compared, in 

the tables, with the corresponding NHS reference costs, taken from the National Schedule of 

NHS Costs, and the NHS tariff price, taken from the National Tariff Workbook (cost year 

2018/19). Appendix 8 shows the source HRG for each activity listed. The tariff price column 

includes two values, one of which is in parentheses. The first value provided is the national tariff 

price for that activity and the second, in parentheses, is with the market forces factor for 

UHBristol Trust (1.0841) taken into account.  

 

The cost of a letter is not specified in the reference costs or the tariff price. However, for 

completeness, the micro-cost of letters has been included in the table. For comparison of 

review clinic costs with the equivalent reference cost and tariff price, the mean cost of a letter 
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can be added to the mean cost of a review clinic. For example, the mean cost of a maxillofacial 

review in the UCLP cohort is £59 and the mean cost of a letter in this cohort is £12. Taken 

together, this figure of £71 can then be compared to the reference cost and tariff price values 

for a maxillofacial review. Reference costs and tariff prices for review clinics are separated into 

‘first’ and ‘follow-up’, each with its own value. As patients in this study, due to their age, were 

already being managed within the cleft service, the review clinics can all reasonably be 

considered as ‘follow-up’ for comparison purposes. 

 

6.6.1 Surgical (maxillofacial and plastics) 

The most frequent appointments within this specialty were the surgical review clinics with the 

maxillofacial team, booked 42 times across all cohorts. The most frequently undertaken surgical 

procedure in this study was extraction under local anaesthesia (LA), performed 14 times, 

although not once within the BCLP cohort. The most frequently undertaken inpatient procedure 

was surgical exposure (post-alveolar bone graft) of an impacted canine, to facilitate orthodontic 

traction and alignment, which was performed once in both the BCLP and CPO cohorts, and nine 

times in the UCLP cohort. The inpatient procedure performed the least was cheiloplasty (lip) 

revision. 

 

Table 1 shows the total number, mean, minimum and maximum costs (£) of micro-costed 

surgical activity in each phenotype, compared with the NHS reference cost and tariff price for 

the same activity. It can be seen that the most expensive surgical procedure undertaken across 

all cohorts was the maxillary osteotomy. The mean cost of this procedure in the UCLP cohort 

was £2868, and the BCLP cohort, £2618. The single most expensive procedure undertaken was 

also an osteotomy, costing £3120, whilst the least expensive surgery performed as an inpatient 

procedure was extraction under general anaesthesia (GA), at £684 (mean £722). This does not 
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take in to account the two alveolar bone graft procedures in the BCLP group that were cancelled 

at the patient’s request.  

 

The procedure with the largest NHS reference cost was palatoplasty, at £5683. This compares 

with a mean micro-costed palatoplasty figure of £1259 - £1314 and a tariff price (including MFF) 

of £3244. Micro-costed figures for alveolar bone graft (£2394 - £2533) and maxillary osteotomy 

(£2540 - £3120) were also markedly lower than the reference costs for these same procedures, 

which were £4137 and £4525, respectively. The only micro-costed figures that exceeded the 

NHS reference costs were for cheiloplasty and day case rhinoplasty, although extraction under 

GA was similar in price to the reference cost. The tariff prices, all of which are lower than the 

reference costs, bear more similarity to the micro-costed values. For example, the alveolar bone 

graft value of £2064 and the maxillary osteotomy value of £3167 were both far closer to the 

respective micro-costed values, than the reference costs. The same can also be said for surgical 

canine exposure and rhinoplasty.  

 

Activity 

  

Phenotype (cohort size) Reference 

cost 

Tariff  

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Maxillofacial 

review 

N 6 4 32 First 

£137 

Follow-up 

£116 

First £127 

(£138) 

Follow-up 

£59 (£64) 

Min £40 £40 £51 

Mean £54 £50 £59 

Max £65 £60 £76 

Plastics 

review 

N 0 9 16 First 

£123 

Follow-up 

£101 

First £128 

(£139) 

Follow-up 

£48 (£52) 

Min - £40 £60 

Mean - £61 £60 

Max - £152 £60 

Letters 

dictated by 

N 18 5 65  

 

 

 Min £9 £9 £9 
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maxillofacial Mean £13 £11 £12 - - 

Max £45 £12 £17 

Letters 

dictated by 

plastics 

N 2 29 33  

 

- 

 

 

- 

Min £12 £12 £12 

Mean £12 £12 £12 

Max £12 £12 £12 

 

 

Activity 

  

Phenotype (cohort size) Reference 

cost 

Tariff  

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Extractions 

(LA) 

N 0 10 4  

 

£165 

 

£149  

(£162) 

Min - £70 £70 

Mean - £82 £83 

Max - £100 £100 

Extractions 

(GA)  

N 1 1 3  

 

£935 

 

£630  

(£683) 

Min £760 £810 £684 

Mean £760 £810 £722 

Max £760 £810 £760 

Surgical canine 

exposure 

N 1 1 9  

 

£1421 

 

£916 

(£993) 

Min £833 £833 £833 

Mean £833 £833 £905 

Max £833 £833 £1133 

Alveolar bone 

graft revision 

N  2 0 3  

 

£4137 

 

£1904 (£2064) Min £382 - £2394 

Mean £382 - £2472 

Max £382 - £2533 

Maxillary 

osteotomy 

N 3 0 2  

 

£4526 

 

£2921 (£3167) Min £2540 - £2617 

Mean £2618 - £2868 

Max £2775 - £3120 

Palatoplasty 

N 1 3 0  

 

£5683 

 

£2992 

(£3244) 

Min £1259 £1076 - 

Mean £1259 £1314 - 
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Max £1259 £1506 - 

Cheiloplasty 

revision 

N 1 0 0  

 

£891 

 

£721 

(£782) 

Min £1330 - - 

Mean £1330 - - 

Max £1330 - - 

Rhinoplasty 

and 

rhinoplasty 

revision 

N 1 0 7 Inpatient 

£3040 

Daycase 

£1287 

 

£1395 

(£1512) 

Min £1495 - £1030 

Mean £1495 - £1415 

Max £1495 - £2544 

 

Table 1. Total number (N), minimum, mean and maximum costs (£) of surgical procedures, in 

each phenotype, compared with the NHS reference costs and tariff price (including market 

forces factor (MFF) adjustment) for the same procedures. 

 

6.6.2 Orthodontics 

The most frequent appointments within this specialty were orthodontic appliance adjustments 

(both fixed and removable appliances), which were booked 385 times across all cohorts. 

Considering a study size of 23 individuals, this relates to a mean of 16 orthodontic adjustments 

per patient. The least frequent appointments were those pertaining to auxiliary appliances, 

which in this study refers to the quadhelix appliance. 

 

Table 2 shows the comparative micro-costed and NHS reference cost and tariff price values. The 

most expensive procedure in this study was the bond-up, at a mean cost of between £135 and 

£145 across all phenotypes, followed by debond (at a mean cost of £122 - £127) and removable 

appliance fit (£103 - £116). The least expensive was the emergency visit, at between £57 and 

£59. The bond-up, debond and removable appliance fit appointments compared similarly to the 

NHS reference cost. All other orthodontic appointments incurred less expense than the 
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reference cost. Again, the tariff prices were all lower than the reference costs and were closer to 

the micro-costed values in most cases.  

 

Activity 

  

Phenotype (cohort size) Reference 

cost 

Tariff 

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Review 

N 23 49 64 First 

£163 

Follow-up 

£106 

First £156 

(£169) 

Follow-up 

£69 (£74) 

Min £40 £31 £40 

Mean £49 £55 £56 

Max £65 £60 £76 

Letters 

dictated 

N 30 54 76  

 

- 

 

 

- 

Min £12 £9 £12 

Mean £14 £12 £13 

Max £45 £12 £40 

 

 

Activity 

  

Phenotype (cohort size) Reference 

cost 

Tariff 

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Records and 

impressions 

N 7 14 19  

 

£148 

 

£113 (£123) Min £60 £51 £40 

Mean £69 £71 £68 

Max £73 £88 £88 

Removable 

appliance fit  

N 1 3 2  

 

£132 

 

£104 (£113) Min £103 £94 £103 

Mean £103 £116 £103 

Max £103 £160 £103 

Band / 

quadhelix fit 

N 2 0 0  

 

£132 

 

£104 (£113) Min £60 - - 

Mean £81 - - 

Max £102 - - 

Bond-up 

N 7 18 19  

 

£156 

 

£109 (£118) Min £140 £122 £100 

Mean £140 £145 £135 
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Max £140 £259 £140 

Adjust 

orthodontic 

appliance 

N 60 124 201  

 

£131 

 

£101 (£109) Min £40 £40 £40 

Mean £57 £56 £55 

Max £70 £109 £60 

Emergency 

visits 

N 8 15 14  

 

£134 

 

£110 (£119) Min £51 £51 £40 

Mean £59 £59 £57 

Max £60 £60 £60 

Surgical wafer 

try-in 

N 3 0 2  

 

£132 

 

£104 (£113) Min £60 - £60 

Mean £60 - £60 

Max £60 - £60 

Debond 

N 5 12 17  

 

£156 

 

£109 (£118) Min £127 £110 £80 

Mean £127 £126 £122 

Max £127 £127 £127 

Retainer fit 

and review 

N 6 37 33  

 

£136 

 

£104 (£113) Min £40 £40 £40 

Mean £77 £55 £60 

Max £96 £96 £96 

 

Table 2. Total number (N), minimum, mean and maximum costs (£) of orthodontic procedures, 

in each phenotype, compared with the NHS reference costs and tariff price (including market 

forces factor (MFF) adjustment) for the same procedures. 

 

6.6.3 Paediatric Dentistry 

The most frequent appointments within paediatric dentistry were the review clinics, booked 66 

times across all cohorts. The most frequent procedure was the undertaking of dental 

restorations. In the CPO and UCLP cohorts, both of which contained 10 individuals, there were 

19 and 10 restoration appointments, respectively. The least frequent appointments were 
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emergency visits and root canal treatment, the latter of which involved three appointments, all 

of which were undertaken on one individual.  

 

As Table 3 shows, the most expensive procedure within this specialty was root canal treatment, 

at a mean cost of £166 per appointment. The least expensive procedure was the provision of 

fissure sealants, which cost £60 per appointment, across all cohorts. The cost of root canal 

treatment is comparable to the NHS reference cost (£163), whilst extractions, fissure sealants 

and restorations are below the reference cost. The tariff price for root canal treatment (£119) 

was lower than the micro-costed figure, whereas the tariff price for extractions under LA (£162) 

was far closer to the micro-costed figure (£100 - £139) than the equivalent reference cost 

(£246). No national tariff is available for paediatric dental review clinics. Some specialties do not 

receive a national price in the tariff and are, instead, calculated locally. 

 

Activity 

  

Phenotype (cohort size) Reference 

cost 

Tariff  

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Review 

N 10 30 26 First 

£154 

Follow-up 

£145 

No national 

tariff – 

calculated 

locally 

Min £40 £40 £40 

Mean £54 £52 £54 

Max £60 £60 £60 

Letters 

dictated 

N 5 5 8  

 

- 

 

 

- 

Min £12 £12 £12 

Mean £12 £12 £12 

Max £12 £12 £12 

 

 

Activity 

  

Phenotype (cohort size) Reference 

costs 

Tariff  

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Emergency 

visits 

N 0 0 3  

 

 

£110 Min - - £60 
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Mean - - £60 £163 (£119) 

Max - - £60 

Extractions (LA) 

N 1 1 3  

 

£246 

 

£149 

(£162) 

Min £100 £100 £139 

Mean £100 £100 £139 

Max £100 £100 £139 

Restorations 

N 0 19 10  

 

£163 

 

£110 

(£119) 

Min - £53 £53 

Mean - £70 £67 

Max - £73 £73 

Root canal 

treatment 

N 0 0 3  

 

£163 

 

£110 

(£119) 

Min - - £159 

Mean - - £166 

Max - - £179 

Fissure sealants 

N 5 2 14  

 

£147 

 

£110 

(£119) 

Min £60 £60 £60 

Mean £60 £60 £60 

Max £60 £60 £60 

 

Table 3. Total number (N), minimum, mean and maximum costs (£) of paediatric dental 

procedures, in each phenotype, compared with the NHS reference costs and tariff price 

(including market forces factor (MFF) adjustment) for the same procedures. 

 

6.6.4 Restorative Dentistry 

The most frequent appointment within restorative dentistry was the hygiene treatment visit, 

which was booked 79 times across all cohorts, although far more frequently in the UCLP cohort 

(59) than both the CPO and BCLP cohorts. It should be noted that hygiene treatment in this 

study was provided by a dental hygienist. There were no single specialty reviews or letters 

dictated by the restorative team. This is because the restorative input within this study all 

occurred as multi-specialty review clinics, such as joint orthodontic/restorative, and the 

subsequent letters from these clinics were dictated by the orthodontic team. 
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As Table 4 shows, one patient underwent the preparation, try-in and provision of a veneer over 

three appointments. The least expensive of these visits was the try-in, which cost £100. The 

most expensive of these was the fit appointment (£195), which includes the laboratory costs 

associated with producing the veneer. The NHS reference costs for these procedures are £250 

for preparation of the tooth, £190 for the try-in, and £204 for the fit of the veneer. The veneer 

fit procedure, therefore, was comparable to the reference cost, whilst the preparation and try-

in procedures were around 50-60% of the reference cost. In contrast, the tariff price for 

preparation (£118) and try-in (£119) were far more similar to the micro-costed figures. The 

micro-costed value of hygiene treatment visits, at a mean cost of between £75 and £79, was 

lower than both the reference cost (£190) and the tariff price (£119). 

 

Activity 

  

Phenotype (cohort size) Reference 

cost 

Tariff 

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Veneer 

preparation 

N 0 0 1  

 

£250 

 

£109  

(£118) 

Min - - £156 

Mean - - £156 

Max - - £156 

Veneer try-in 

N 0 0 1  

 

£190 

 

£110  

(£119) 

Min - - £100 

Mean - - £100 

Max - - £100 

Veneer fit 

N 0 0 1  

 

£204 

 

£104 

(£113) 

Min - - £195 

Mean - - £195 

Max - - £195 

Hygiene 

treatment 

with hygienist 

N 9 11 59  

 

£190 

 

£110 

(£119) 

Min £79 £59 £59 

Mean £79 £78 £75 
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Max £79 £95 £79 

 

Table 4. Total number (N), minimum, mean and maximum costs (£) of restorative dental 

procedures, in each phenotype, compared with the NHS reference costs and tariff price 

(including market forces factor (MFF) adjustment) for the same procedures. 

 

6.6.5 Audiology  

There were no audiology appointments attended by any individual within the BCLP group, 

although this should be read with caution as this cohort only included three individuals. Across 

the CPO and UCLP cohorts, seven and eight appointments were attended respectively, 

amounting on average to just under one appointment per patient. Table 5 demonstrates that 

the most expensive audiology activity was the hearing assessment, which was considerably 

more expensive than the reference cost and the tariff price. Again, a national tariff price is not 

set for audiology review clinics. However, the reference cost of an audiology review can be seen 

to have compared closely to the range of values in the micro-costing. 

 

Activity 

  

Phenotype (cohort size) Reference 

cost 

Tariff  

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Review 

N 0 7 3 First 

£136 

Follow-up 

£89 

No national 

tariff – 

calculated 

locally 

Min - £29 £49 

Mean - £69 £55 

Max - £137 £68 

Letters dictated 

N 0 5 5  

 

- 

 

 

- 

Min - £8 £8 

Mean - £8 £8 

Max - £8 £8 

Hearing 

assessment 

N 0 0 5  

 

£67 

 

£61 

(£66) 

Min - - £234 

Mean - - £234 

Max - - £234 
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Table 5. Total number (N), minimum, mean and maximum costs (£) of audiology clinics, in each 

phenotype, compared with the NHS reference costs and tariff price (including market forces 

factor (MFF) adjustment) for the same procedures. 

 

6.6.6 Psychology, SALT and ENT 

Review clinics with psychology occurred on 16 occasions and with SALT on 13 occasions. 12 of 

the 13 SALT reviews occurred within the CPO cohort, as well as half of the psychology reviews. 

As Table 6 shows, the most expensive review clinic across these three specialties, and across all 

three phenotypes, was the psychology review, which cost £166 per appointment in the BCLP 

group. The NHS reference cost for all three reviews within this subcategory exceeded the micro-

costed figure, although follow-up reviews with psychology (£173) were similar to the micro-

costed values (£109 - £166). Again, no national tariff price is set for psychology and SALT 

reviews. However, the national tariff price for ENT review clinics (£55) can be seen to have 

compared similarly with the mean micro-costed values (£54 - £60). 

 

Activity 

  

Phenotype (cohort size) Reference 

cost 

Tariff 

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Psychology 

review 

N 4 8 4 First 

£197 

Follow-up 

£173 

No national 

tariff – 

calculated 

locally 

Min £166 £75 £51 

Mean £166 £133 £109 

Max £166 £166 £166 

SALT review 

N 0 12 1 First 

£155 

Follow-up 

£83 

No national 

tariff – 

calculated 

locally 

Min - £135 £54 

Mean - £153 £54 

Max - £155 £54 

ENT review 

N 0 3 4 First 

£121 

Follow-up 

First £120 

(£130) Min - £60 £37 

Mean - £60 £54 
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Max - £60 £60 £99 Follow-up 

£51 (£55) 

Letters dictated 

by psychology 

N 3 2 3  

 

- 

 

 

- 

Min £11 £9 £9 

Mean £19 £9 £9 

Max £36 £9 £11 

Letters dictated 

by SALT 

N 1 3 0  

 

- 

 

 

- 

Min £36 £10 - 

Mean £36 £10 - 

Max £36 £10 - 

Letters dictated 

by ENT 

N 0 3 4  

 

- 

 

 

- 

Min - £12 £12 

Mean - £12 £12 

Max - £12 £12 

 

Table 6. Total number (N), minimum, mean and maximum costs (£) of psychology, SALT and ENT 

clinics, in each phenotype, compared with the NHS reference costs and tariff price (including 

market forces factor (MFF) adjustment) for the same procedures. 

 

6.6.7 Multi-disciplinary clinics 

The multi-disciplinary clinics in this micro-costing study included cleft audit clinics, joint multi-

specialty surgical/orthodontic clinics, joint multi-specialty restorative/orthodontic clinics, and 

speech investigation (SPIN) clinics. The two types of joint multi-specialty clinics were used to 

plan and review treatments and these were the most frequent of the multi-disciplinary clinics.   

 

The published NHS reference costs and tariff prices for ‘multi-professional, non-admitted face-

to-face clinics’ are separated by specialty and vary in cost, accordingly. The HRG attributed to 

orthodontics was chosen for the joint multi-specialty clinics (surgical/orthodontic and 

restorative/orthodontic) and the HRG attributed to maxillofacial was chosen for the cleft audit 

and SPIN clinics. As shown in Table 7, SPIN clinics were the most expensive activity, at a mean 
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cost of £182 - £185. Audit clinics, micro-costed at £180, were more expensive than the 

reference costs but compared similarly with the tariff price for first appointments (£191). The 

cost of the joint multi-specialty clinics, at a mean cost of £83 - £84, were below the reference 

cost for both first appointments (£125) and follow-up appointments (£144) but compared more 

similarly with the tariff price, particularly in respect of follow-up appointments (£80). 

 

Activity 

  

Phenotype (cohort size) Reference 

cost 

Tariff 

(x MFF) BCLP (3) CPO (10) UCLP (10) 

Audit clinic 

(10, 15 and 20 

year) 

N 2 24 18 First 

£157 

Follow-up 

£129 

First £176 

(£191) 

Follow-up £84 

(£91) 

Min £108 £108 £108 

Mean £108 £108 £108 

Max £108 £108 £108 

Joint multi-

specialty 

clinics 

N 26 0 47 First 

£125 

Follow-up 

£144 

First £156 

(£169) 

Follow-up £74 

(£80) 

Min £61 - £45 

Mean £83 - £84 

Max £102 - £106 

SPIN clinic 

N 1 9 0 First 

£157 

Follow-up 

£129 

First £176 

(£191) 

Follow-up £84 

(£91) 

Min £185 £165 - 

Mean £185 £182 - 

Max £185 £185 - 

 

Table 7. Total number (N), minimum, mean and maximum costs (£) of multi-disciplinary clinics, 

in each phenotype, compared with the NHS reference costs and tariff price (including market 

forces factor (MFF) adjustment) for the same procedures. SPIN clinics are for speech 

investigation. 
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7. Discussion 

7.1. Micro-costing cleft care 

The primary aim of this study was to calculate direct costs to the NHS of the secondary care 

management of children born with UCLP, BCLP and CPO, from post-alveolar bone graft to 20 

years. The micro-costing methodology was based on similar previous studies (Kendall et al., 

2000; Kumar et al., 2006; Souster, 2017) and separated cost identification and calculation into 

staff, consumable, pharmaceutical and overhead spend. The total mean cost for UCLP care from 

post-alveolar bone graft to 20 years was calculated at £7977, for BCLP £9416, and for CPO 

£3809. The 95% confidence intervals for each cost type were wider in the BCLP cohort than the 

UCLP and CPO cohorts. This is a reflection of the small sample size, as well as the wide range of 

costs, in this cohort. The relatively low incidence of BCLP in the population resulted in this 

cohort including only three patients, compared with ten in UCLP and CPO. At the same time, the 

range of costs was larger in the BCLP cohort. Notably, the 95% confidence interval for 

pharmaceutical costs in the BCLP cohort crossed zero. Whilst, of course, it doesn’t make sense 

to describe a situation in which there are negative costs for a service, a 95% confidence interval 

that crosses zero implies that the mean is not 'statistically significantly' from 0, which reduces 

our confidence in the value derived for pharmaceutical costs in the BCLP cohort.  

 

The cost of care for children born with BCLP was 15% higher than for children born with UCLP 

and 60% higher than for children born with CPO. The main reason for the difference in these 

costs was the increasing number of surgical interventions that the UCLP (24 procedures across 

10 patients) and BCLP cohorts underwent (10 procedures across 3 patients), compared with the 

CPO cohort (5 procedures across 10 patients). As well as the number of surgical interventions 

generating a difference between cohorts, it was also a significant cause of individual cost 

variation within cohorts. Three distinct groups became evident when analysing the individual 
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patient costs: those whose treatment cost between £3000 and £8000, those between £11000 

and £13000, and those between £16000 and £17000. Almost universally, those individuals 

whose treatment cost fell in to the first bracket (£3000- £8000) underwent zero to two surgical 

interventions, into the second bracket underwent four surgical interventions, and in the higher 

bracket underwent six surgical interventions. No patient underwent three, five, or seven or 

more interventions. 

 

There was one exception to this, one patient underwent only two surgical interventions, yet 

their treatment cost was high, at £12764. Interestingly, this patient underwent a repeat surgery. 

In fact, the four individuals with the most expensive pathways all underwent repeat surgeries. 

These were rhinoplasty, alveolar bone graft, surgical canine exposure (all UCLP) and osteotomy 

(BCLP). No other individual underwent a repeat surgical procedure. These findings suggest that 

there is a premium to be placed, not just on surgery, but successful first-time surgery. This is 

particularly true in an organisation such as the NHS in which resources are limited, yet 

expectations are continually rising (Robertson et al., 2017). Indeed, the NHS is aware of the 

importance of both limiting unwarranted variation in service and in improving efficiency in care; 

the national clinical improvement programme Getting It Right First Time (GIRFT) is currently 

ongoing, with oral and maxillofacial surgery identified as a major workstream (NHS Providers, 

2018). 

 

7.2. Comparison with the NHS reference cost and tariff price 

The secondary aim of the study was to explore the NHS reference costs and tariff prices for the 

identified procedures and to compare these with the calculated costs. In general, the reference 

costs exceeded the micro-costed values; out of a total of 27 procedures, the reference cost was 

exceeded by the micro-costing for only two procedures (cheiloplasty revision and hearing 



 92 

assessment) and the reference cost fell within the range of the micro-costed values for a further 

four procedures (daycase rhinoplasty, removable appliance fit, bond-up and root canal 

treatment). In comparison, the tariff prices compared more similarly with the micro-costed 

values. The tariff price exceeded the micro-costed values for seven procedures (extractions 

under GA, alveolar bone graft revision, cheiloplasty revision, root canal treatment, veneer 

preparation, veneer fit and hearing assessment) and fell within the micro-costed range for a 

further five procedures (surgical canine exposure, rhinoplasty, removable appliance fit, bond-up 

and debond). Interestingly, for procedures in which the reference cost was markedly higher 

than the micro-costed value, the tariff price compared far more similarly with the micro-costed 

value. The mean micro-costed value of an alveolar bone graft (£2472), for example, was 40% 

lower than the reference cost (£4137) and 16% higher than the tariff price (£2064). Similarly, 

the mean micro-costed value of a maxillary osteotomy, which across all cohorts was £2743, was 

also 40% lower than the reference cost (£4526), yet 13% higher than the tariff price (£3167). 

 

When comparing calculated costs with reference costs and tariff prices, it is useful to recognise 

that several factors associated with the way in which these latter figures are produced can lead 

to a ‘swings and roundabouts’ effect at the individual patient level. The result of this effect is 

that, whilst the funding is expected to balance out across the breadth of the NHS, some activity 

is likely to be over or under-funded, relative to its true cost (Ferlie, 2016). For example, the 

reference costs are averaged ‘unit costs’ that are calculated on a national level. For this reason, 

they are not particularly sensitive to regional or local service variation. Whilst the market forces 

factor (MFF) calculation is one way in which the NHS tariff adjusts for regional cost variation, 

this is not applied to the reference costs. Neither, in the case of the tariff price, does it extend to 

individual service variation, such as procedure duration, equipment and material choice, or 

staffing levels. Therefore, these factors, which could have a significant effect on the price of an 
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activity and/or service, are not particularly well accounted for in the reference costs or tariff 

prices.  

 

Moreover, the effect of co-morbidity is only taken into account for procedures on individuals 

aged 18 and over. This is an important consideration because 30% of those born with CL/P are 

also affected by one of over 300 syndromes. One could reasonably expect healthcare 

interventions in individuals with more complex medical requirements to be more expensive 

than in those without. As the majority of the data in this study were collected before the 

patients turned 18, and all in patients who were non-syndromic, the activities of interest do not 

reflect the likely cost variation caused by the presence or absence of a co-morbidity. This is 

likely to be one of the main reasons why the reference costs are generally higher than the 

micro-costed values. 

 

This study shows that the tariff prices are generally lower than the reference costs. The National 

Tariff Payment System document broadly outlines how the tariff prices are reached, which is 

helpful for understanding where these differences might occur. For example, the preceding 

years’ reference costs are used to inform the upcoming years tariff price, but first go through 

multiple amendment stages. These include a ‘manual adjustment’, during which expert advice, 

across a range of stakeholders, is used to assess the relationship between the average unit costs 

in the published reference costs and remove those deemed ‘implausible… from a clinical 

perspective’. The aim of this process is to ‘minimise the risk of setting implausible tariffs… based 

on reference cost data of variable quality’. A further stage involves application of an ‘efficiency 

adjustment factor’, which is described as a way of ‘driving value for money’ (Monitor, 2016). 

Based on these processes, it is clear to see how the tariff prices might emerge lower than the 

reference costs. Based on the awareness that some reference cost data, when considered 
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across the breadth of the NHS, are considered of ‘variable quality’ and ‘implausible from a 

clinical perspective’, it is also possible to appreciate why the micro-costed values are closer to 

the tariff prices than the reference costs.  

 

The largest discrepancy between a micro-costed value and a reference cost value was that for 

secondary palate repair, or ‘palatoplasty’. The mean micro-cost of this procedure was £1286, 

versus £5683 for the reference cost. In such situations, it is helpful to check that the appropriate 

OPCS descriptor has been selected for comparison, as small changes in description can often 

lead to significant changes in the reference cost/tariff price. For example, the OPCS descriptor 

‘surgical removal of tooth NEC’ translates to HRG code CD05 ‘Surgical Removal of Tooth’, 

whereas the OPCS descriptor ‘surgical removal of wisdom tooth NEC’ translates to HRG code 

CD04 ‘Major Surgical Removal of Tooth’, whose reference cost is 25% higher. However, twelve 

potential OPCS code options for palate repair translate into only two HRG codes, eleven to HRG 

code CA82 ‘Very Major, Mouth or Throat Procedures’, and one to CA85 ‘Minor Mouth or Throat 

Procedures’. The NHS reference cost for code CA85 is £1817. The closeness of this price to the 

micro-costed figure (£1286) makes it tempting to accept. However, the OPCS descriptor that 

corresponds to HRG code CA85 is ‘unspecified other repair of palate’, which is relatively non-

descript. By contrast, the OPCS descriptor ‘revision of repair of cleft palate’, which is associated 

with the higher cost, is far more specific. In these situations, the temptation to accept the lower 

value has been resisted, in favour of selecting the OPCS description that most closely matches 

the clinical activity. 

 

Of the three values (micro-costed versus reference cost and tariff price), one would expect the 

micro-costed figure to be the more accurate, especially when applied to the particular service 

under review. However, micro-costing analyses are not infallible (Tan, 2009) and it is important 
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to recognise the methodological limitations of a study when considering the results. The main 

limitation of this study is that it was retrospective in nature. It is, as a result, heavily reliant on 

the information present in, and indeed absent from, the patient clinical record. The absence of 

information leaves ‘holes’ within the data and, in filling these holes, one must try to imitate the 

missing data as closely as possible. Of course, there is no guarantee that these data are true 

representations of the original event, no matter which method is used. To eliminate this 

problem as best as possible, one might look to undertake a well-designed prospective study, 

which has the benefit of being able to record costs associated with a treatment pathway as they 

happen, rather than relying on collecting retrospective data from potentially incomplete notes.  

However, prospective studies are also typically more expensive and more labour-intensive 

(Chapel & Wang, 2019). A particular challenge in this study would be the time frame, which 

would be in the region of 10 years. 

 

7.3.  Comparison with past studies 

Prior to this research, there have been no UK-based studies investigating the cost of cleft care 

from post-alveolar bone graft to 20 years. However, some comparison can be made with 

Souster’s (2017) study of the cost of care for individuals with UCLP from birth to 5 years, as well 

as US-based studies on the costs of cleft care. The mean cost of care in Souster’s study was 

£7076, with a range from £4877 to £10395. This figure compares with the mean cost of UCLP 

care in this study of £7977, with a range from £3384 to £16518. These costs are evidently 

similar, even though the time period in our study was twice that of Souster’s study. However, 

the pathway from 0-5 years is very different to that from post-alveolar bone graft to 20 years, so 

a direct comparison of the total costs between these two studies is difficult.  
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In line with the findings of our study, Souster (2017) found that surgical procedures made up the 

majority of the treatment costs, including mean costs of £1976 and £1610 for cleft lip repair and 

cleft palate repair, respectively. These figures can be compared with similar surgeries in our 

study, with lip revision and palate revision procedures costing £1330 and £1300, respectively. 

These figures equate to 67% and 80% of the cost of the primary repair procedures. The lower 

cost for the revision surgeries is not unexpected, as inpatient stay is liable to be shorter for older 

children and ward care is expected to be more costly on paediatric wards; ward costs in 

Souster’s study were £350.40 per day, compared with £234.28 per day in this study. There may 

be several reasons behind this difference in ward cost, but one notable reason is the differing 

nurse-to-patient ratio between a paediatric ward and a general ward. A review of UK ward 

staffing guidance documents shows that the recommended nurse-to-patient ratio in paediatric 

wards ranges from 1:3 for children under 2 years, to 1:4 for children over 2 years (NHS 

Improvement, 2018). This is in contrast to an NHS survey of general acute hospital ward staffing 

levels, that demonstrated a ratio of between 1:7, during the day, and 1:10 at night (Royal 

College of Nursing, 2006).  

 

Three US-based studies, by Abbott and Meara (2011), Cassell et al. (2008) and Boulet et al. 

(2009), can also provide some comparison, despite the obvious differences between the UK’s 

publicly funded system and the US private health model. Abbott and Meara (2011) found that 

the median cost of care for a child born with UCLP in the first year of life was $13,013. 

Accounting for the exchange rate at the time of their publication (2011), which was $1.62 to 

£1.00 (Bank of England Database, 2020) as well as the effect of UK inflation (Bank of England 

Monetary Policy, 2020), this translates to approximately £9863 in 2019/20. This compares with 

a total mean treatment cost for the UCLP cohort in our study (from post-alveolar bone graft to 

20 years) of £7977. Cassell et al. (2008) found mean total treatment costs for children born with 
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an OFC from 0-5 years was $22,642 (£16631). Again, this is greater than the costs found in our 

study and approximately twice that found by Souster (2017) for the same time period. Boulet et 

al. (2009) studied a 10-year period (0-10 years), which is a similar time period to our study, 

albeit at a younger age. They found mean treatment costs for the CPO cohort of $16100 

(£13431) and for the cleft lip and palate cohort of $15900 (£13263).  

 

Comparison can also be made with the study by Kumar et al. (2008) of orthognathic surgical 

costs. Although the study was published in Euro’s, these figures can again be translated using 

the exchange rate at the time of their publication. Mean inpatient and operating theatre costs 

for orthognathic surgery in that study amounted to €1455.20 (£1100) and €2189.54 (£1670), 

respectively, totalling €3644.74 (£2781). When UK inflation is taken into account, this would 

equate to £3739. In comparison, the mean cost of maxillary osteotomy procedures, including 

theatre and inpatient costs, in our study came to £2718. At first, this difference seems 

considerable. However, closer scrutiny of the results in the Kumar et al. study shows their 

sample included both single (N=191) and bimaxillary surgeries (N=163) and they remarked that 

‘total treatment costs were significantly higher for subjects who underwent bimaxillary surgery’. 

The mean cost of maxillary surgery was €2931.93 (£3007). Still, this figure remains higher than 

our figure of £2718 and further investigation suggests that this may be due to the length of 

ward stay. Four patients in our study stayed on the ward for one day and a fifth stayed for two 

days, at a cost of £234.28 per day. However, mean ward costs in the Kumar et al. study were 

approximately five times the daily ward cost, suggesting a considerably longer ward stay in that 

cohort. Whilst there are likely to be a range of other potential causes for the variation in costs 

between the two studies, the difference in length of stay (LOS) is a tangible and reasonable 

source. 
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To investigate this further, studies of LOS in orthognathic surgery were identified, both in UK 

and US populations. In the UK, Moles & Cunningham (2009) looked at change in the LOS of 

mandibular orthognathic procedures from 1997-2006. They found a steady decrease in LOS in 

both low and high-volume units, from a mean of around 4 days in 1997, to a mean of around 3 

days in 2006. In 2010, a study of six maxillofacial units based in England found that around half 

of patients who undergo single-jaw surgery will stay for 1 day, and 35-40% will stay for 2 days. 

Less than 15% will stay for 3 days, and very seldom will a patient stay for 4 days (Garg et al., 

2010). Finally, an audit undertaken at University College London Hospitals from 2010-2013 

(Berridge et al., 2015) identified a mean LOS following single-jaw procedures to be 1.30 days (SD 

1.01 days). In the United States, a similar change has occurred. From 1994 to 2006, LOS 

following all orthognathic procedures undertaken at Massachusetts State Hospital reduced from 

2.30 to 1.30 days (Huaman et al., 2008). Mean LOS in our study for a maxillary osteotomy was 

1.20 days. Clearly then, LOS following single-jaw orthognathic procedures in the UK and the US 

has been reducing over time.  

 

A British cost-utility analysis undertaken on patients undergoing orthognathic treatment for the 

management of facial disharmony calculated mean treatment costs for 21 patients 

(Cunningham et al., 2003). The mean figure for orthodontic treatment on those requiring single 

jaw (mandibular) surgery was £726 (when inflation is applied this comes to £1157) and for 

operating theatre and inpatient costs in the same group, £1398 (£2227). The mean non-

discounted figure for orthodontic treatment in the bimaxillary surgery group was £700 (£1115) 

and for operating theatre and inpatient costs, £2298 (£3661). The mean non-discounted surgical 

cost for single jaw surgery of £2227, taking into account inflation, is comparatively low relative 

to the equivalent costs found by Kumar et al. (2008), as well as those in this study, which came 
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to £2718. Of course, the latter two figures relate to maxillary surgery, whereas the figure from 

Cunningham et al. is for mandibular surgery, which may explain the difference. 

 

A retrospective cost analysis of surgical-orthodontic treatment undertaken on 99 individuals 

from 1994-2001 in Finnish community hospitals found the mean total treatment cost to be 

US$6202 (Panula et al., 2002). Taking into account the exchange rate at the time of their 

publication, as well as UK inflation, this translates to £7063 in 2019/20. This compares with the 

cost identified by Kumar et al. (2006), which translates to £6065 in 2019/20. Panula et al. (2002) 

found orthodontic costs made up approximately 39% of total treatment costs, which compares 

with 25% found by Kumar et al. (2006). Based on these findings, mean orthodontic treatment 

costs for these two studies can be calculated as approximately £2755 and £1516, respectively. 

These costs compare with the mean orthodontic costs found in our study of £1862, £2469 and 

£2822, for the CPO, UCLP and BCLP cohorts, respectively.  

 

Further orthodontic cost comparisons can be made with the published literature for non-cleft 

affected individuals. In 1998, prior to the introduction of the Euro as the nation’s currency, a 

questionnaire completed by 96% of all Finnish health centres put the cost of orthodontic care at 

between FIM (Finnish Markka) 1299 and FIM 24751, with an average of FIM 7358. Finland 

converted to the Euro in 2002 at an exchange rate of FIM 5.9 to €1.0. These figures translate to 

a current pound sterling range of £225 - £4298, with an average of £1255. This compares with a 

mean orthodontic cost in our study of between £1862 (CPO) and £2822 (BCLP), although in 

some cases this covered more than one course of orthodontic treatment. This same study also 

found that 10% of the national gross dental care budget was spent on orthodontic care (Pietila 

et al., 1998). A study by Benson et al. (2015) looking at orthodontic spend in England as a 
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proportion of total NHS spend on dental services also reached a figure of 'approximately 10%’ 

(£258 million in 2010-2011). 

 

In the UK O’Brien et al. (2009) investigated two different orthodontic treatment approaches for 

non-cleft affected individuals, namely early versus later treatment with a functional appliance, 

followed by fixed orthodontic appliances. Those that had early functional treatment followed by 

later fixed treatment had total treatment costs of $3913 (£3501 at the exchange rate at the 

time of their publication, with UK inflation taken into account), which included $105 (£93) of 

travel costs for the patients. Those who were treated with the functional and immediately 

followed by the fixed appliances had orthodontic treatment costs totalling $3018 (£2700), which 

included patient travel costs of $136 (£121). Comparing these figures, minus the travel costs, 

with those of our study shows the costs in their latter treatment group (£2579) compared 

similarly with the mean orthodontic treatment costs of the UCLP (£2469) and BCLP (£2822) 

cohorts in our study. The mean number of attendances for orthodontic treatment in O’Brien et 

al.’s study (2009) were 22 and 18, respectively, which compares with 20 (BCLP), 12 (CPO) and 20 

(UCLP) orthodontic adjustment appointments in our study. 

 

7.4.  Limitations 

One of the limitations of this micro-costing study is that the duration of some of the surgical 

procedures and clinics had to be estimated. For most surgical procedures, the duration of 

anaesthesia, surgery and recovery were clearly noted on the anaesthetic chart. However, a 

small number of anaesthetic charts were missing from the notes and several others were not 

clear. In these instances, an average surgical time for that procedure was calculated from those 

notes in which data were available, and this figure was then discussed with experts to arrive at 

an agreed duration that was applied to those surgeries for which information was missing. This 
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method reduces the accuracy of the costs calculated for those patients with missing data, 

particularly if those surgical procedures happened to be of an unusually long or short duration. 

Fortunately, there was little missing data. Consideration was given to whether these missing 

data could be identified through different means, but as many of the surgical events in this data 

set took place up to ten years ago, the availability of this information and the time required to 

access it led to the decision to use the described method. Whether or not the estimated data 

are more likely to be susceptible to an under or over-estimation of costs is difficult to 

determine. However, a useful comparison can be made with a study by Garg et al. (2010), who 

investigated maxillary osteotomy operation length in 53 patients across six UK hospitals. 

Procedures involving patients with a craniofacial condition were excluded and anaesthetic time 

was removed from the total duration. The mean operating duration was 114 minutes, with a 

standard deviation of 45 and a range of 42-270 minutes. The mean duration in our study, in 

which anaesthetic time was included, was 148 minutes, with a standard deviation of 40 and a 

range of 130-220 minutes. 

 

Data for the duration of outpatient clinics were not readily available in the clinical notes. For 

single specialty clinics, such as orthodontic adjustments, paediatric dental restorations and 

speech and language assessments, expert opinion was sought from consultants at Bristol Dental 

Hospital, where the majority of the patients in the study had been treated. Cleft audit clinics, 

which involved individual assessment with multiple specialties including surgical, orthodontic, 

paediatric, psychology, audiology and SALT, were attended by the author so that the time each 

patient spent with each specialty could be identified more accurately. Whilst expert opinion is 

likely to provide a relatively accurate average figure for clinic durations, this method is prone to 

error as undoubtedly some clinical appointments will finish before their allotted time and others 
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will over-run. For this reason, individual patient calculations are likely to be more susceptible to 

this error than the sum of several patients.  

 

Surgical staffing for inpatient procedures was often clearly noted on the anaesthetic record. 

Where available, information on the presence of staff members was directly transferred to the 

costing spreadsheet. This would always include a consultant anaesthetist and a lead surgeon, 

whether that was a consultant, a registrar, or an associate specialist. When surgical assistants, 

such as registrars and SHO’s were present, this was also commonly written. Occasionally, much 

like surgical duration, staff information was missing. Again, this was mitigated against by 

reviewing those procedures in which the information was apparently full and correct, and then 

discussing this with a consultant surgeon familiar with that procedure to agree an assumed 

surgical staff list.  

 

There was no consistent record of nursing staff present at surgical procedures. This information 

was determined by attending a surgical procedure (maxillary osteotomy) to personally record 

the presence of staff, then discussing this with nursing and surgical staff present as to its 

consistency across different procedures. The author’s discussions with the nursing staff present 

in theatre made it clear that, whilst there might be slight variation, the presence of a band 5 

anaesthetic nurse, two band 4 theatre nurses and a band 5 recovery nurse would be largely 

consistent across procedures and therefore any variation would be expected to have minimal 

effect on total costing for each procedure. 

 

Staffing of outpatient clinics was not comprehensively recorded in the notes. Helpfully, the 

clinician writing the notes, and therefore reasonably assumed to be present throughout the 

clinic, was always discernible. Although some notes were marked only with a relatively 
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unintelligible signature, the owner was invariably identified by finding the same signature on a 

letter or consent form, or by using the GDC number, which was occasionally written adjacent.  

 

Inpatient consumables and pharmaceuticals were identified from a standard operating 

procedure (SOP) and were therefore, on the whole, expected to be correct. However, as with all 

situations in which a standardised list is applied to a range of procedures, planned or unplanned 

variation from a SOP could result in inaccurate data. Outpatient consumables were more 

challenging to identify, owing to the lack of a SOP for many outpatient procedures. The author’s 

knowledge of orthodontics meant that a list of consumables for an ‘average’ course of 

orthodontic treatment could be estimated with reasonable accuracy, with the help of additional 

expert opinion. Clearly, the risk of variation from this list in reality is fairly high, though the 

impact on cost calculation was estimated to be low. Outpatient consumables in other specialties 

were not included. Whilst this is likely to result in an under-estimation of the costs of treatment, 

it was felt that the consumable costs in most outpatient appointments were very low and would 

therefore be unlikely to significantly affect the cost calculations. 

 

Costs associated with ward stays posed a challenge to the micro-costing approach. The mainstay 

of activity and cost identification in the study came from the patient’s written clinical record, 

held within Bristol Dental Hospital. Other than the discharge summary, which recorded when 

the patient was admitted and discharged, and clinical notes written when a member of the 

maxillofacial team visited the patient, there was no record of the patient’s ward stay. As such, 

specific consumable and pharmaceutical use during the ward stay was unavailable. To mitigate 

this problem, UHBristol finance department were able to provide a cost/day value for Ward 

A700, which is the contemporary ward for patients undergoing surgery associated with a cleft. 

This figure was multiplied by the number of days stayed in the ward, which was clearly recorded 
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in the patient’s notes. As well as this, individual attendance to the patient by an additional team 

member, such as a maxillofacial registrar, was recorded and micro-costed in the same way as all 

other staff-patient activity in the study. The risk of taking this approach is that all patient ward 

stays are considered relatively equal and no scope is provided for a particularly out-of-the-

ordinary ward stay. Fortunately, there was no evidence of an unusual ward visit in the clinical 

notes and no evidence of any visits to the intensive care unit. 

 

It is probable that the majority of the patients in the study received dental treatment, or at least 

attended dental check-ups, with their primary care general dental practitioners or with the 

community dental services during the measurement period. However, owing to the significant 

difficulty in identifying and sourcing the records of these potential care episodes, they have not 

been included in the micro-costing. In all of the hospital records scrutinised, the evidence of 

these individuals receiving dental treatment outside of the hospital setting was minimal. Where 

identified, these amounted to restorations or orthodontic extractions. By not including these 

episodes, there is a risk that the calculated cost to the NHS of providing care to this cohort of 

patients is under-estimated. 

 

7.5.  Implications for practice 

This research has shown that the major factor that influences the difference in cost between 

phenotypes is the number of surgical interventions undertaken. Similarly, the major factor 

influencing the difference in cost within a phenotype is the need for repeat surgery. This 

demonstrates the financial implications of surgery and highlights the financial benefits that 

could be gained by avoiding the need for repeated surgical interventions. Regular audits of 

surgery have been shown to increase the quality of surgical outcomes and reduce 

complications, thereby reducing costs (Govaert et al., 2015). An additional and arguably more 
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important benefit is that the right surgery at the right time with no repeats would also reduce 

the burden on the individual and their parents. Clearly, the benefits of minimising additional 

surgical procedures, across a range of stakeholders, are many. 

 

This research also shows the significant time and cost implications of outpatient activity. 

Outpatient activity accounted for between 98% (BCLP) and 99.6% (CPO) of all appointments and 

between 68% (BCLP) and 92% (CPO) of total costs, from post-alveolar bone graft to 20 years of 

age. Orthodontic treatment requires regular appointments and is one such type of outpatient 

activity that accounted for a significant proportion of appointments and costs in this study. 

Whilst some dental and medical appointments cannot be performed without face-to-face 

contact between clinician and patient, such as an orthodontic bond-up, many do not necessarily 

require direct contact. Reviewing orthodontic retention progress is one example that might lend 

itself to remote management. Recent research has demonstrated accurate measurement of the 

progress made with an orthodontic rapid maxillary expansion appliance using a smartphone 

(Moylan et al., 2019). In light of the advancements and uptake of remote technologies in the 

very recent past with the Covid-19 pandemic (Smith et al., 2020), this may now be a good 

opportunity to consider the merits of its use to patients, staff and commissioners. Not only for 

perhaps virtual consultations, but also remote monitoring as an adjunct to traditional outpatient 

care (Giudice et al., 2020; Hansa et al., 2018). 

 

7.6. Conclusions 

This study found that the mean cost to the NHS from post-alveolar bone graft to 20 years of age 

for UCLP care was £7977, for BCLP care was £9416, and for CPO care was £3809. 
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The largest cost type across all phenotypes was staff costs. This was followed by overheads, 

consumables, and finally pharmaceuticals, which had little impact on costs.  

 

In/outpatient surgery was the biggest cost driver. At a patient level, costs were markedly 

affected by the number of surgical interventions received, as well as the need for repeat surgical 

procedures. Continual improvement in surgical care, through audit and improvement 

programmes such as Getting It Right First Time, could have significant benefits for patients, staff 

and commissioners. 

 

Outpatient activity made up the vast number of appointments attended. Orthodontic treatment 

was the most expensive outpatient activity. Identifying appointments that might be delivered 

remotely and implementing virtual consultations, where possible, could have significant time 

and cost implications for patients and Trusts. 

 

A majority of activities undertaken in the care for individuals with CL/P within the South West 

Cleft Service from post-alveolar bone graft to 20 years cost less to deliver than the national 

average and, on the whole, compare similarly with the NHS tariff. 

 

7.7. Future research 

Our study follows on from the work of Souster (2017), who’s recommendations for further 

research identified that ‘there is scope to extend the study to 10 years, 15 years and 20 years… 

(and that) there is also potential to extend the costs to cleft palate, or bilateral cleft lip with or 

without palate’. Our study is also running parallel to an as yet unpublished study by Hasannally, 

who is investigating the cost of NHS care for children born with BCLP, UCLP and CPO, from birth 
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to 10 years. This body of work should hopefully provide a thorough retrospective understanding 

of cleft care from 0-20 years.  

 

However, as has been discussed, retrospective data collection and analysis has limitations. The 

main limitations posed to this study have been the occasional absence of data requiring 

estimates be used and the difficulty of gaining access to notes particularly in the community 

meaning some costs (community care) could not be included. To resolve these issues, one such 

suggestion for future research would involve revisiting this, and previous, studies with the 

specific aim of identifying and correcting limitations in the methodology. For example, trying to 

identify episodes of general dental and community care and making a formal request for access 

to associated clinical notes. This approach comes with challenges of its own, such as identifying 

the salary structure of the treating clinicians, the materials used, the costs of those materials, 

and the overheads associated with a practice or community setting.  

 

Alternatively, a prospective approach could be taken. Whilst a prospective study is typically felt 

to be resource heavy from a financial and time perspective, the results of a well-designed and 

well-executed study would be more reliable, and give a greater degree of confidence, than 

those undertaken retrospectively (Chapel & Wang, 2019). In fact, in recent years, the 

widespread introduction of the electronic health record has, among other benefits, been 

suggested as a way of vastly reducing the burden of undertaking data collection, particularly in 

large, prospective studies (Cowie et al., 2017). It may even be possible, with good planning and 

software integration, to pre-programme an electronic health record to specifically enable data 

collection for use across multiple purposes, including improving clinical outcomes and 

calculating NHS tariff prices. A system that required data, such as the duration of an operation, 
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to be input only once, yet could be used for a wide array of purposes, would undoubtedly have 

significant benefits for a range of stakeholders, including patients, clinicians and commissioners. 

 

A further approach would be to change the perspective of the study toward costs incurred by 

the child and their parents/guardians of receiving care for an orofacial cleft. A comprehensive 

study of this type could break patient/parent costs into direct and indirect, to build a picture of 

both the financial and social burden of undergoing care. Direct costs are likely to be the easiest 

to identify and calculate and would, for example, include travel costs. Indirect costs would 

include loss of earnings/ productivity for the parents and less time in education for the child. 

Indirect costs are more challenging to investigate than direct costs owing to their partial reliance 

on questionnaires, such as the World Health Organisation Health and Performance 

Questionnaire (HPQ). Whilst the HPQ is considered to have good reliability and validity, complex 

data-analysis strategies are often required to overcome problems that arise from using self-

reported data (Kessler et al., 2004). Souster (2017) calculated some basic patient/parent costs, 

including mileage costs to and from appointments, as well as loss of earnings, assuming one 

parent lost half a day’s salary at the minimum wage. Mean losses from 0-5 years were 

calculated at between £918.95 and £1239.72 per family. However, the breadth and complexity 

of calculating costs of this type would make it appropriate to dedicate an entire study to 

patient/parent-incurred costs alone.  
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Appendix 1 - Staff salary unit costs 

 

The NHS ‘Agenda for Change’ publication (NHS Employers, 2019) was used to calculate a 

salary/minute value for each staff role, to which employer pension and national insurance 

contributions were added. As salary in the NHS is determined by payment ‘bands’, each of 

which has a range, and staff grades can cross these bands, a minimum, mid and maximum staff 

salary point was determined: 

 

Role Salary / minute (£) 

 Min-Point Mid-Point Max-Point 

Theatre nurse 0.25 0.27 0.29 

Anaesthetic nurse 0.29 0.33 0.36 

Recovery nurse 0.29 0.33 0.36 

Specialist nurse 0.29 0.33 0.36 

Hygienist 0.37 0.41 0.45 

Physiotherapist 0.37 0.41 0.45 

Medical illustration 0.37 0.41 0.45 

Radiographer 0.37 0.41 0.45 

Speech and language therapist (SALT) 0.37 0.41 0.45 

Audiology specialist 0.37 0.41 0.45 

Dental core trainee 0.45 0.53 0.61 

Medical / dental registrar 0.45 0.53 0.61 

Psychology specialist 0.45 0.53 0.61 

Associate specialist (maxillofacial) 0.54 0.80 1.05 
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SALT consultant 0.54 0.71 0.88 

Psychology consultant 0.75 0.90 1.05 

Other consultant 0.94 1.11 1.27 

 

 

 

 

Appendix 2 – Consumable unit costs 

Surgical unit costs  

 

Osteotomy - surgical consumables 

 

Item Unit Cost (£) Number Used Total (£) 

Surgical mask 2.30 7 16.10 

Surgical gown 1.70 7 11.90 

Surgical gloves 1.40 7 9.80 

Table cover 2.80 2 5.60 

ENT drape 3.66 1 3.66 

Head drape 3.08 1 3.08 

Light handle 0.05 2 0.10 

Throat pack 0.42 1 0.42 

Dental syringe 0.01 2 0.02 

Dental needle 0.01 2 0.02 

Lignospan 2% 0.39 3 1.17 

No. 15 blade 0.05 2 0.10 

Suction tubing 0.37 1 0.37 

Yankaeur tip 0.05 1 0.05 

Frazier tip 2.70 2 5.40 

Micro-dissection needle 37.00 1 37.00 

Reciprocating saw blade 87.00 1 87.00 

Fissure bur 8.00 1 8.00 

Round bur 8.00 1 8.00 
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Surgical L-plates 65.00 4 260.00 

Surgical screws 21.25 16 340.00 

Oral swabs 2.70 2 5.40 

Saline 3.13 2 6.26 

Betadene antiseptic 5.61 1 5.61 

Discarda pad 0.12 1 0.12 

Vicryl 3/0 2.20 2 4.40 

Sub-total   819.58 

 

Osteotomy - sterilisable instruments 

 

Item Sterilisation Cost (£) Number Used Total (£) 

Oral set 14.28 1 14.28 

Plastic Set 14.16 1 14.16 

Osteotomy set 27.89 1 27.89 

Compact mid-face set 14.65 1 14.65 

Oral wiring 10.93 1 10.93 

Stryker drill set 13.58 1 13.58 

Periosteal elevator 1.80 1 1.80 

Diathermy 2.99 1 2.99 

Sub-total   100.28 

 

 

Palatoplasty - surgical consumables 

 

Item Unit Cost (£) Number Used Total (£) 

Surgical mask 2.30 7 16.10 

Surgical gown 1.70 7 11.90 

Surgical gloves 1.40 7 9.80 

Table cover 2.80 2 5.60 

ENT drape 3.66 1 3.66 

Head drape 3.08 1 3.08 
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Light handle 0.05 2 0.10 

Throat pack 0.42 1 0.42 

Dental syringe 0.01 2 0.02 

Dental needle 0.01 2 0.02 

Lignospan 2% 0.39 3 1.17 

No. 15 blade 0.05 2 0.10 

Suction tubing 0.37 1 0.37 

Yankaeur tip 0.05 1 0.05 

Bipolar tip 30.00 2 60.00 

Bipolar lead 46.00 2 92.00 

Steristrips 0.03 1 0.03 

Fine marker pen 0.03 1 0.03 

Hypodermic needle 0.01 3 0.03 

Luer lock syringe 0.01 2 0.02 

Oral swabs 2.70 2 5.40 

Nasal swabs 1.25 4 5.00 

Saline 3.13 2 6.26 

Betadene antiseptic 5.61 1 5.61 

Tegaderm dressing 0.20 2 0.40 

Vicryl 4/0 2.06 1 2.06 

Vicryl 5/0 1.70 1 1.70 

Prolene 4/0 1.30 1 1.30 

Sub-total   232.23 

 

 

Palatoplasty - sterilisable instruments 

 

Item Sterilisation Cost (£) Number Used Total (£) 

Cleft set 14.28 1 14.28 

Plastic Set 23.12 1 23.12 

Lacs 1.66 1 1.66 

Surgical scalpel handle 1.63 1 1.63 



 129 

Diathermy 2.99 1 2.99 

Sub-total   43.56 

 

 

Extractions (GA) – surgical consumables 

 

Item Unit Cost (£) Number Used Total (£) 

Surgical mask 2.30 7 16.10 

Surgical gown 1.70 7 11.90 

Surgical gloves 1.40 7 9.80 

Table cover 2.80 2 5.60 

Light handle 0.05 2 0.10 

Throat pack 0.42 1 0.42 

Dental syringe 0.01 2 0.02 

Dental needle 0.01 2 0.02 

Lignospan 2% 0.39 3 1.17 

No. 15 blade 0.05 6 0.30 

Suction tubing 0.37 1 0.37 

Yankaeur tip 0.05 1 0.05 

Frazier tip 2.70 2 5.40 

Fissure bur 8.00 1 8.00 

Round bur 8.00 1 8.00 

Oral swabs 2.70 2 5.40 

Saline 3.13 2 6.26 

Betadene antiseptic 5.61 1 5.61 

Vicryl 4/0 2.06 1 2.06 

Vicryl 3/0 rapide 2.20 2 4.40 

Bowl pack 1.98 1 1.98 

Sharps box 0.04 2 0.08 

Sub-total   93.04 
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Extractions (GA) - sterilisable instruments 

 

Item Sterilisation Cost (£) Number Used Total (£) 

Oral set 14.28 1 14.28 

Stryker Drill Set 13.58 1 13.58 

Howarth retractor 1.69 1 1.69 

Kilner retractor 1.66 1 1.66 

Rake retractor 1.79 1 1.79 

Warwick James  1.66 1 1.66 

Lacs depressor 1.66 1 1.66 

Extraction forceps 1.62 4 6.48 

Rongeurs 1.66 1 1.66 

Sub-total   44.46 

 

 

Canine exposure – surgical consumables 

 

Item Unit Cost (£) Number Used Total (£) 

Surgical mask 2.30 7 16.10 

Surgical gown 1.70 7 11.90 

Surgical gloves 1.40 7 9.80 

Table cover 2.80 2 5.60 

Light handle 0.05 2 0.10 

Throat pack 0.42 1 0.42 

Dental syringe 0.01 2 0.02 

Dental needle 0.01 2 0.02 

Lignospan 2% 0.39 3 1.17 

No. 15 blade 0.05 6 0.30 

Suction tubing 0.37 1 0.37 

Yankaeur tip 0.05 1 0.05 

Frazier tip 2.70 2 5.40 

Fissure bur 8.00 1 8.00 
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Round bur 8.00 1 8.00 

Gold chain 37.99 2 75.98 

Oral swabs 2.70 2 5.40 

Saline 3.13 2 6.26 

Betadene antiseptic 5.61 1 5.61 

Vicryl 4/0 2.06 1 2.06 

Vicryl 3/0 rapide 2.20 2 4.40 

Bowl pack 1.98 1 1.98 

Sharps box 0.04 2 0.08 

Sub-total   169.02 

 

 

Canine exposure - sterilisable instruments 

 

Item Sterilisation Cost (£) Number Used Total (£) 

Oral set 14.28 1 14.28 

Stryker Drill Set 13.58 1 13.58 

Howarth retractor 1.69 1 1.69 

Sub-total   29.55 

 

 

Alveolar bone graft - surgical consumables 

 

Item Unit Cost (£) Number Used Total (£) 

Surgical mask 2.30 7 16.10 

Surgical gown 1.70 7 11.90 

Surgical gloves 1.40 7 9.80 

Table cover 2.80 2 5.60 

ENT drape 3.66 2 7.32 

Split sheet 3.08 2 6.16 

Light handle 0.05 2 0.10 

Throat pack 0.42 1 0.42 
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Dental syringe 0.01 2 0.02 

Dental needle 0.01 2 0.02 

Lignospan 2% 0.39 3 1.17 

No. 15 blade 0.05 2 0.10 

Suction tubing 0.37 1 0.37 

Yankaeur tip 0.05 1 0.05 

Frazier tip 2.70 2 5.40 

Monopolar 1.87 1 1.87 

Bipolar tip 30.00 2 60.00 

Bipolar lead 46.00 2 92.00 

Collagen membrane 97.20 1 97.20 

Demineralised bone  82.77 1 82.77 

Bone graft extender 282.00 1 282.00 

Collagen paste injection 288.00 1 288.00 

Bone wax 1.55 1 1.55 

Fine marker pen 0.03 2 0.06 

Hypodermic needle 0.01 3 0.03 

Luer lock syringe 0.01 2 0.02 

Swabs 2.70 5 13.50 

Saline 3.13 2 6.26 

Betadene antiseptic 5.61 1 5.61 

Vicryl 4/0 2.06 2 4.12 

Vicryl 3/0 rapide 2.20 2 4.40 

Yellow parafin 0.59 1 0.59 

Steristrips 0.03 1 0.03 

Bowl pack 1.98 1 1.98 

Sharps box 0.04 2 0.08 

Sub-total   1003.46 

 

 

Alveolar bone graft - sterilisable instruments 
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Item Sterilisation Cost (£) Number Used Total (£) 

Oral set 14.28 1 14.28 

Alveolar set 6.47 1 6.47 

Osteotomy set 27.89 1 27.89 

Cleft set 23.12 1 23.12 

Orthopaedic set 22.21 1 22.21 

Fickling forceps 1.00 1 1.00 

West retractor 1.00 1 1.00 

T-bar handle and chuck 4.77 1 4.77 

Sub-total   100.74 

 

 

Cheiloplasty - surgical consumables 

 

Item Unit Cost (£) Number Used Total (£) 

Surgical mask 2.30 7 16.10 

Surgical gown 1.70 7 11.90 

Surgical gloves 1.40 7 9.80 

Table cover 2.80 2 5.60 

ENT drape 3.66 1 3.66 

Head drape 3.08 1 3.08 

Light handle 0.05 2 0.10 

Throat pack 0.42 1 0.42 

Dental syringe 0.01 1 0.01 

Dental needle 0.01 1 0.01 

Filter needle 0.02 2 0.04 

Lignospan 2% 0.39 2 0.78 

Fine marker pen 0.03 1 0.03 

No. 15 blade 0.05 2 0.10 

Suction tubing 0.37 1 0.37 

Yankaeur tip 0.05 1 0.05 

Oral swabs 2.70 2 5.40 
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Saline 3.13 1 6.26 

Betadene antiseptic 5.61 1 5.61 

Vicryl 6/0 2.20 1 2.20 

Vicryl 4/0 rapide 2.06 1 2.06 

Monocryl 5/0 2.20 1 2.20 

Steristrips 0.03 1 0.03 

Sharps box 0.04 1 0.04 

Sub-total   75.85 

 

 

Cheiloplasty - sterilisable instruments 

 

Item Sterilisation Cost (£) Number Used Total (£) 

Cleft set 23.12 1 23.12 

Sub-total   23.12 

 

 

Rhinoplasty - surgical consumables 

 

Item Unit Cost (£) Number Used Total (£) 

Surgical mask 2.30 7 16.10 

Surgical gown 1.70 7 11.90 

Surgical gloves 1.40 7 9.80 

Table cover 2.80 2 5.60 

ENT drape 3.66 1 3.66 

Head drape 3.08 1 3.08 

Light handle 0.05 2 0.10 

No. 15 blade 0.05 2 0.10 

Suction tubing 0.37 1 0.37 

Frazier tip 2.70 1 2.70 

Fine marker pen 0.03 1 0.03 

Fissure bur 8.00 1 8.00 
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Swabs 2.70 2 5.40 

Saline 3.13 2 6.26 

Betadene antiseptic 5.61 1 5.61 

Vicryl 6/0 2.20 1 2.20 

Vicryl 4/0 rapide 2.06 1 2.06 

PDS 4/0 2.19 1 2.19 

Prolene 4/0 1.30 1 1.30 

Monocryl 5/0 2.20 1 2.20 

Steristrips 0.03 1 0.03 

Sub-total   88.69 

 

 

Rhinoplasty - sterilisable instruments 

 

Item Sterilisation Cost (£) Number Used Total (£) 

Cleft set 23.12 1 23.12 

Rhinoplasty + extras set 23.10 1 23.10 

Submucous resection set 22.89 1 22.89 

Stryker drill set 13.58 1 13.58 

Sheen cartilage grid 1.66 1 1.66 

Aufricht retractor  1.66 1 1.66 

Kilner retractor 1.66 1 1.66 

Surgical scalpel handle 1.63 1 1.63 

Sub-total   89.30 

 
 

Anaesthetic - consumable costs  

 

Item Unit Cost (£) Number Used Total (£) 

10ml syringe 0.04 5 0.20 

5ml syringe 0.03 5 0.15 

1ml syringe 0.04 2 0.08 
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18G 1.5” blunt needle 0.01 6 0.06 

19G 2” needle sharp 0.01 4 0.04 

3-way tap 0.25 1 0.25 

3-way extension set 0.49 1 0.49 

Laryngoscope handle 22.50 1 22.50 

Larygoscope blade 2.61 1 2.61 

Guedel airway 0.68 1 0.68 

South facing ray tube 2.63 1 2.63 

Aquagel sachet 0.05 4 0.20 

Green swabs 0.01 10 0.10 

Temperature probe 1.28 1 1.28 

Hudson facemask 0.63 1 0.63 

Cushion facemask 0.80 1 0.80 

Airway filter 1.06 1 1.06 

ECG pads 0.08 1 0.08 

Volumetric pump set 7.49 1 7.49 

Disposable gloves 0.03 20 0.60 

22G cannula 0.64 1 0.64 

Sub-total   42.57 

 
All item lists taken from UHBristol theatre lists and costs provided by UHBristol surgical and 
nursing teams 
 
 
Orthodontic unit costs 

Costs associated with an orthodontic bond-up appointment (which also includes those 

consumables that are not replaced at every fixed adjustment): 

 

Item Item Cost (£) Amount Used Cost (£) 

First molar bracket 2.25 2 4.50 

Second molar bracket 3.35 2 7.70 

All other brackets 1.96 10 19.60 

Transbond primer (6ml) 89.64 0.06ml 0.90 
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Phosphoric acid etch (30ml) 99.19 0.5ml 1.65 

Orthodontic modules (26) 0.27 10 modules 0.10 

Stainless steel archwire 0.31 1 0.31 

Nickel titanium archwire 0.60 2 1.20 

Gloves (200) 2.03 4 0.04 

Masks (50) 2.20 2 0.08 

3-in-1 tip (250) 40.83 1 0.16 

Suction tip (100) 38.54 1 0.38 

Quick ligature (1000) 26.49 4 0.12 

Closed push coil (1 metre) 8.67 2cm 0.18 

Open push coil (0.9 metres) 28.17 2cm 0.62 

Blue powerchain (4 metres) 41.24 10cm 1.00 

Orthodontic elastics (per bag) 0.50 3 bags 1.50 

Sub-total   40.04 

 

 

Costs associated with an orthodontic fixed adjustment appointment: 

 

Item Item Cost (£) Amount Used Cost (£) 

Orthodontic modules (strip of 26) 0.27 10 modules 0.10 

Gloves (200) 2.03 4 0.04 

Masks (50) 2.20 2 0.08 

Sub-total   0.22 

 

 

Costs associated with an orthodontic debond appointment: 

 

Item Item Cost (£) Amount Used Cost (£) 

Gloves (200) 2.03 4 0.04 

Masks (50) 2.20 2 0.08 

Suction tip (100) 38.54 1 0.38 

3-in-1 tip (250) 40.83 1 0.16 
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Tungsten carbide bur (10) 28.25 2 5.66 

Impression tray 0.32 1 0.32 

Alginate impression material (500g) 6.10 18 grams 0.22 

Sub-total   6.86 

 

All orthodontic cost provided by lead nurses at Musgrove Park and Yeovil District Hospitals 

 

Labwork unit costs 

 

Appliance Cost (£) 

Set of study models 13.00 

Transpalatal arch 52.00 

Quadhelix appliance 42.00 

Twin block functional appliance 100.00 

Upper removable appliance with midline screw 43.00 

Surgical wafer for single arch orthognathic surgery 340.00 

Vacuum formed orthodontic retainer (each) 28.00 

Peer Assessment Rating (PAR) scoring 8.00 

Clinical visit by lab technician for veneer staining 15.00 

Veneer try-in and finish 80.00 

 

All laboratory costs provided by UHBristol laboratory technician  
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Appendix 3 – Pharmaceutical unit costs 

 

Anaesthetic drugs 

 

Drug Cost (£) 

Fentanyl (500mg) 0.80 

Propofol (200mg) 1.50 

Atracurium (20mg) 2.20 

Ondensatron (4mg) 0.12 

Dexamethasone (6.6mg) 2.00 

Co-amoxiclav 500/125 (1.2mg) 0.90 

Paracetamol (1000mg) 1.20 

Hartman’s solution (1000ml) 0.91 

Sub-total 9.63 

Sevoflurane (per hour) 5.00/hour 

 

Anaesthetic drug costs provided by UHBristol anaesthetic consultant 

 

To-take-away (TTA) drugs 

 

Drug Cost (£) 

Paracetamol (32 tablets) 0.73 

Ibuprofen (24 tablets) 0.66 

Co-amoxiclav 500/125 (21 tablets) 1.84 

Chlorhexidine mouthwash (300ml bottle) 4.09 
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Sub-total 7.32 

 

TTA drug costs from British National Formulary (online) 

 

 

 

 

 

Appendix 4 – Overhead unit costs 

 

Site Cost (£) 

Queen’s Day Unit theatres and recovery 2.21 / minute 

Ward A700 234.28 / day 

Bristol Dental Hospital outpatients 1.21 / minute 

 

Overhead costs provided by UHBristol finance department 
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Appendix 5 - Individual patient cost type breakdown 
 

 
A breakdown of cost type by individual patient, including information on each patient’s antero-

posterior incisor relationship and whether they were treated solely at the UHBristol and Bristol 

Dental Hospital hub site, or whether their care also involved treatment at a spoke unit. 
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1 III Hub 1962.55 476.50 0.00 1190.85 3359.90 

2 III Hub/spoke 6222.69 5249.48 138.86 5312.64 16923.67 

3 III Hub 2714.55 2675.69 46.40 2528.86 7965.50 

Total   10629.79 8401.67 185.26 9032.35 28249.07 

Mean   3543.26 2800.56 61.75 3010.78 9416.36 

SD   2376.05 2388.94 70.69 2102.73 6897.29 

%   37.6 29.7 0.7 32.0 100.0 
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1 II/1 Hub 2606.35 1980.49 20.70 2268.80 6876.34 

2 III Hub 2365.55 1299.64 18.61 2013.40 5697.20 

3 III Hub 1795.30 618.33 20.70 2164.21 4598.54 

4 II/1 Hub 859.80 499.85 0.00 556.60 1916.25 

5 II/1 Hub 2195.00 1522.78 21.95 1896.53 5636.26 

6 II/2 Hub 1533.00 890.18 21.95 1158.25 3606.38 

7 III Hub 788.85 490.60 0.00 562.65 1842.10 

8 II/1 Hub 1400.40 801.60 0.00 1161.60 3363.60 

9 III Hub 999.75 671.85 0.00 877.25 2548.85 

10 I Hub 913.55 458.35 0.00 635.25 2007.15 

Total   15457.55 9233.67 103.91 13294.54 38089.67 

Mean   1545.76 923.37 10.39 1329.45 3808.97 

SD   670.26 513.54 10.99 691.03 1809.32 

%   40.6 24.2 0.3 34.9 100.0 
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1 III Hub 6158.15 4538.68 143.52 5678.04 16518.39 

2 III Hub 2119.10 1220.90 20.36 1794.73 5155.09 

3 III Hub 4579.85 3888.60 50.15 4245.31 12763.91 

4 III Hub 4735.35 3256.44 92.38 4305.93 12390.10 

5 III Hub/spoke 1318.80 816.79 19.45 1229.68 3384.72 

6 III Hub/spoke 2185.05 1118.99 39.81 1506.05 4849.90 

7 III Hub 1935.05 1310.09 41.06 1587.60 4873.80 

8 I Hub/spoke 4584.90 3214.09 92.46 3665.73 11557.18 

9 III Hub/spoke 1773.05 1217.29 20.70 1358.15 4369.19 

10 III Hub/spoke 1690.70 752.40 20.36 1448.40 3911.86 

Total   31080.00 21334.27 540.25 26819.62 79774.14 

Mean   3108.00 2133.43 54.03 2681.96 7977.41 

SD   1715.84 1426.52 42.05 1625.37 4786.15 

%   39.0 26.7 0.7 33.6 100.0 
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Appendix 6 – Individual patient appointment breakdown 
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1 36 0 2 34 26 8 2 10 

2 105 2 4 99 88 14 3 17 

3 55 2 0 53 54 1 0 1 

Total 196 4 6 186 168 23 5 28 

% 100.0 2.0 3.0 95.0 86.0 11.5 2.5 14.0 
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1 84 0 1 83 71 10 3 13 

2 66 0 1 65 52 10 4 14 

3 26 1 0 25 18 8 0 8 

4 26 0 0 26 23 1 2 3 

5 55 1 0 54 46 8 1 9 

6 33 0 1 32 32 1 0 1 

7 24 0 0 24 23 1 0 1 

8 57 0 0 57 39 11 7 18 

9 37 0 0 37 29 4 4 8 

10 35 0 0 35 27 5 3 8 

Total 443 2 3 438 360 59 24 83 

% 100 0.5 0.5 99.0 81.0 13.5 5.5 19.0 
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1 101 3 3 95 100 0 1 1 

2 51 1 0 50 48 2 1 3 

3 115 2 0 113 71 38 6 44 

4 105 1 3 101 85 16 4 20 

5 31 1 0 30 30 1 0 1 

6 41 0 2 39 39 2 0 2 

7 40 0 2 38 39 0 1 1 

8 91 1 3 87 67 22 2 24 

9 50 0 1 49 48 1 1 2 

10 29 0 1 28 29 0 0 0 

Total 654 4 6 186 556 82 18 98 

% 100 1.5 2.0 96.5 85.0 12.5 2.5 15.0 
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Appendix 7 – Mean cost tables 

 

Mean staff costs per patient for each specialty 

 

Specialty Phenotype 

 BCLP CPO UCLP 

Maxillofacial £919.15 £61.79 £537.02 

Plastics £31.45 £128.07 £240.62 

Anaesthetic £401.45 £48.84 £322.46 

Orthodontic £947.75 £566.15 £823.08 

Paediatric Dental £114.70 £141.52 £163.17 

Restorative and hygiene £36.90 £13.53 £89.46 

Audiology £4.10 £23.78 £40.38 

Psychology £201.00 £89.33 £98.42 

SALT £103.50 £107.98 £68.16 

ENT £0.00 £6.66 £8.88 

Nursing £782.70 £338.42 £716.45 

 

 

Mean consumable costs per patient 

 

Consumable Phenotype 

 BCLP CPO UCLP 

Labwork £499.66 £116.90 £208.80 
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Outpatient materials £310.23 £149.04 £342.88 

Outpatient sterilisation £922.14 £593.76 £950.72 

Inpatient materials £953.72 £54.95 £548.84 

Inpatient sterilisation £114.80 £8.71 £82.69 

 

 

 

 

 

 

Mean pharmaceutical costs per patient 

 

Pharmaceutical Use Phenotype 

 BCLP CPO UCLP 

Prescribed to take away (TTA) £18.15 £3.66 £14.70 

Prescribed in theatre/recovery £43.59 £6.73 £39.32 

 

 

Mean overhead costs per patient 

 

Overhead Site Phenotype 

 BCLP CPO UCLP 

Theatre/recovery £1160.25 £170.17 £907.20 

Ward £390.47 £70.28 £210.85 

Outpatients £1460.06 £1089.00 £1563.92 

 

 

Mean treatment cost per patient (salary mid-point) 

 

Treatment Type Phenotype 

 BCLP CPO UCLP 

Inpatient/outpatient surgery £4773.23 £560.18 £3346.81 
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Routine surgical outpatients £195.51 £199.66 £431.23 

Orthodontics £2821.70 £1862.16 £2468.71 

Paediatric dentistry £331.25 £316.14 £408.68 

Restorative and hygiene £235.50 £86.01 £490.77 

Audiology £0.00 £52.07 £137.67 

Psychology £240.81 £107.90 £46.28 

SALT £11.91 £186.52 £5.37 

ENT £0.00 £21.40 £21.59 

Audit/MDT clinics £791.70 £259.92 £588.15 

SPIN clinics £61.56 £164.23 £0.00 
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Appendix 8 – OPCS and HRG codes for activities 
 
First and follow-up single and multi-professional outpatient review clinics 
 
 
 

Activity Service 

code 

HRG name  HRG code 

Review with Plastics 160 Non-Admitted Face-to-Face Attendance, 

First / Follow-up 

WF01B / 

WF01A 

Review with 

Maxillofacial 

144 Non-Admitted Face-to-Face Attendance, 

First / Follow-up 

WF01B / 

WF01A 

Review with 

Orthodontics 

143 Non-Admitted Face-to-Face Attendance, 

First / Follow-up 

WF01B / 

WF01A 

Review with 

Paediatric Dentistry 

142 Non-Admitted Face-to-Face Attendance, 

First / Follow-up 

WF01B / 

WF01A 

Review with 

Audiology 

840 Non-Admitted Face-to-Face Attendance, 

First / Follow-up 

WF01B / 

WF01A 

Review with 

Psychology 

656 Non-Admitted Face-to-Face Attendance, 

First / Follow-up 

WF01B / 

WF01A 

Review with SALT 652 Non-Admitted Face-to-Face Attendance, 

First / Follow-up 

WF01B / 

WF01A 

Review with ENT 120 Non-Admitted Face-to-Face Attendance, 

First / Follow-up 

WF01B / 

WF01A 

Audit Clinics 144 Multi-Professional Non-Admitted Face-to-

Face Attendance, First / Follow-up 

WF02B / 

WF02A 
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Joint Multi-specialty 

Clinics 

143 Multi-Professional Non-Admitted Face-to-

Face Attendance, First / Follow-up 

WF02B / 

WF02A 

SPIN Clinics 144 Multi-Professional Non-Admitted Face-to-

Face Attendance, First / Follow-up 

WF02B / 

WF02A 

 
 
 
 
 
 
 
 
 
 
Maxillofacial inpatient, daycase and outpatient procedures 

 

Activity OPCS Description  OPCS 

code 

HRG name  HRG code 

Extractions 

(LA) 

Other specified 

simple extraction 

of tooth 

F108 Minor extraction of 

tooth, 18 years and 

under (with maxillo-

facial) 

CD07B 

(outpatient) 

Extractions 

(GA) 

Extraction of 

multiple teeth 

NEC 

F104 Extraction of multiple 

teeth, 18 years and 

under  

CD06B 

(daycase) 

Surgical 

Canine 

Exposure 

Surgical removal 

of impacted tooth 

NEC 

F092 Major surgical removal 

of tooth, 18 years and 

under 

CD04B 

(daycase) 

Alveolar Bone 

Graft 

Alveolar bone 

graft to maxilla 

V132 Intermediate 

maxillofacial procedures  

CA94Z 

(elective inpatient) 

Maxillary 

Osteotomy 

Osteotomy of 

alveolar segment 

of maxilla 

V105 Major maxillofacial 

procedure, 18 years and 

under  

CA93C 

(elective inpatient) 

Palatoplasty Revision of repair 

of cleft palate 

F292 Very major, mouth or 

throat procedures, 

between 2 and 18 years  

CA82C 

(elective inpatient) 
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Cheiloplasty Adjustment to 

vermilion border 

of lip NEC 

F033 Minor, mouth or throat 

procedures, between 2 

and 18 years  

CA85B 

(daycase) 

Rhinoplasty Rhinoplasty NEC E026 Major nose procedures 

(CA22Z) 

CA22Z 

(elective inpatient / 

daycase) 

 
 
 
 
 
Orthodontic outpatient procedures 

 

Activity OPCS Description  OPCS 

code 

HRG name  HRG code 

Records and 

Impressions 

Creation of 

orthodontic 

impression 

F151 Creation of 

orthodontic 

impression, 18 years 

and under 

CD10B 

(outpatient) 

Removable 

Appliance Fit 

Insertion of 

movable 

orthodontic 

appliance 

F142 Dental fitting or 

insertion procedures, 

18 years and under 

CD11B 

(outpatient) 

Band / 

Quadhelix Fit 

Insertion of 

orthodontic 

appliance NEC 

F143 Dental fitting or 

insertion procedures, 

18 years and under 

CD11B 

(outpatient) 

Bond-up Insertion of fixed 

orthodontic 

appliance 

F141 Intermediate dental 

procedures, 18 years 

and under  

CD02B 

(outpatient) 

Adjust 

Orthodontic 

Appliance 

Adjustment of 

orthodontic 

appliance 

F155 Adjustment of dental 

device, 18 years and 

under 

CD12B 

(outpatient) 
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Orthodontic 

Emergency 

Visit 

Repair of 

orthodontic 

appliance 

F156 Minor dental 

procedure, 18 years 

and under 

CD03B 

(outpatient) 

Surgical Wafer 

Try-in 

Insertion of 

orthodontic 

appliance NEC 

F143 Dental fitting or 

insertion procedures, 

18 years and under 

CD11B 

(outpatient) 

Debond Removal of 

orthodontic 

appliance NEC 

F144 Intermediate dental 

procedures, 18 years 

and under 

CD02B 

(outpatient) 

Retainer Fit 

and Review 

Insertion of 

movable 

orthodontic 

appliance 

F142 

 

Dental fitting or 

insertion procedures, 

18 years and under 

CD11B 

(outpatient) 

 
 
Paediatric outpatient procedures 

 

Activity OPCS Description  OPCS 

code 

HRG name  HRG code 

Emergency 

Paediatric Dental 

Visit 

Drainage of abscess 

of alveolus of tooth 

F161 Minor dental 

procedures, 18 

years and under  

CD03B 

(outpatient) 

Extraction (LA) Other specified 

simple extraction of 

tooth 

F108 Minor extraction of 

tooth, 18 years and 

under  

CD07B 

(outpatient) 

Restorations Partial restoration of 

crown of tooth 

F132 Minor dental 

procedures, 18 

years and under  

CD03B 

(outpatient) 

Root Canal 

Treatment 

Root canal therapy to 

tooth 

F122 Minor dental 

procedures, 18 

years and under  

CD03B 

(outpatient) 
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Fissure Sealants Application of fissure 

sealant 

F165 Minor dental 

procedures, 18 

years and under  

CD03B 

(outpatient) 

 
 
Restorative outpatient procedures 
 
 

Activity OPCS Description  OPCS 

code 

HRG name  HRG code 

Veneer 

Preparation 

Preparation of 

tooth for dental 

crown 

F171 Intermediate dental 

procedures, 18 years and 

under  

CD02B 

(outpatient) 

Veneer Try-in Adjustment of 

dental crown on 

tooth 

F174 Minor dental procedures, 

18 years and under  

CD03B 

(outpatient) 

Veneer Fit Fitting of dental 

crown on tooth 

F173 Dental Fitting or Insertion 

Procedures, 18 years and 

under  

CD11B 

(outpatient) 

Hygiene 

Treatment 

Scaling of tooth F164 Minor dental procedures, 

18 years and under  

CD03B 

(outpatient) 

 
 
Audiology outpatient procedures 
 
 

Activity OPCS 

Description  

OPCS 

code 

HRG name  HRG code 

Hearing 

Assessment 

Hearing 

assessment 

U243 Audiometry or Hearing 

Assessment, between 5 and 18 

years  

CA37B 

(outpatient) 

 
 


