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Introduction

Bardet-Biedl syndrome (BBS) is a pleiotropic autosomal 

recessive genetic disorder with vast genetic heterogeneity 

(Forsythe et al. 2003). To date, causal mutations of 21 genes 

(BBS1 to BBS21; see Fig. 1A; Forsythe et al. 2003; Heon et al. 

2016; Schaefer et al. 2016) have been identified, accounting 

for approximately 80% of individuals meeting diagnostic crite-

ria for BBS. Relative frequency of genetic mutations seen in 

BBS was summarized in a recent review by Haws et al. (2015), 

with BBS1 and BBS10 showing the highest prevalence and 

approximately 20% remaining undefined to date (see Fig. 1B). 

The clinical diagnosis is established if 4 primary features, or 3 

primary and 2 secondary features, are evident. Table 1 sum-

marizes primary and secondary features of BBS (Beales et al. 

1999; Forsythe and Beales 2013). Improved understanding of 

dental anomalies associated with BBS is essential to informing 

proper dental treatment planning and providing supportive oral 

care for affected patients, which is often complicated by coex-

isting renal, cardiac, metabolic, and developmental abnormali-

ties. The focus of this review is as follows: 1) to summarize 

current knowledge on primary craniofacial abnormalities and oral 

manifestations associated with BBS and secondary oral mani-

festations that may arise from other clinical manifestations 

associated with BBS; 2) expand on current understanding of 

pathophysiology of dental abnormalities encountered in BBS; 

and 3), in the absence of clinical practice guidelines for man-

agement of patients with ciliopathies, highlight considerations 

surrounding care planning and oral health management of 

patients with BBS presenting with primary and secondary oral 

manifestations.

Epidemiology

First described by Georges Louis Bardet and Artur Biedl in 

the early 1920s, BBS is characterized as a condition with an 

array of clinical characteristics (Forsythe et al. 2003). 

Incidence of BBS is very rare, and few studies have assessed 
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its prevalence. The male:female ratio is estimated at 1.3:1 

with high variability. The frequency of BBS is very low in 

North America and Europe. Among the nonconsanguineous 

populations of northern Europe and America, the prevalence 

ranges from 1:100,000 (North America) to 1:160,000 (Switzerland) 

(Forsythe et al. 2003). Prevalence is high in consanguineous 

populations of Newfoundland, Canada (1:18,000), and Bedouin 

communities in the Middle East (1:13,500) (Beales et al. 1999; 

Forsythe et al. 2003; Forsythe and 

Beales 2013).

Clinical Registry 

Investigating Bardet-Biedl 

Syndrome

The Clinical Registry Investigating 

Bardet-Biedl Syndrome (CRIBBS; 

2017), a web-based database that 

comprehensively captures data on 

patients with BBS across all fea-

tures of the condition, is currently 

the largest international registry, 

longitudinally tracking 290 partic-

ipants from around the world. It 

was developed at Marshfield Clinic, 

Wisconsin, for the purpose of gath-

ering comprehensive health infor-

mation on patients with BBS in a 

single repository. De-identified data 

from this database are shared with 

the Global Rare Diseases Registry 

Data Repository, maintained by 

the National Center for Advancing 

Translational Sciences at the 

National Institutes of Health, to 

centralize availability of complex 

genetic and clinical information to 

researchers worldwide for acceler-

ating research on BBS (Haws et al. 

2015). The Appendix Table sum-

marizes information on various 

oral manifestations in individuals 

with BBS from the CRIBBS. Other 

registries, including the EURO-

WABB registry (Farmer et al. 2013) 

supported by the European Union, 

collect information on BBS and 

other rare conditions.

Role of Primary 

Cilium in Craniofacial 

Development

BBS is a nonmotile ciliopathy 

attributable to defects in structure 

and functioning of the primary cilium or nonmotile cilium 

(Mitchison and Valente 2017). The primary cilium has a range 

of functions, such as modulation of developmental pathways, 

transduction of sensory signals, alteration of energy homeostasis, 

and regulation of stem cell proliferation and growth (Hisamoto 

et al. 2016; Mitchison and Valente 2017). Most craniofacial 

phenotypes in BBS are due to mutations in genes required for 

encoding ciliary proteins, including the intraflagellar transport 

Figure 1. Summary and prevalence of genes implicated in BBS. (A) List of BBS genes with chromosomal 
location (locus) and number of significant mutations identified in each gene. Source: Online Mendelian 
Inheritance in Man. *HUGO Gene Nomenclature Committee–approved gene symbol. #Alternative gene 
symbol. (B) Relative frequency of BBS gene mutations reported within the population known to be 
affected by Bardet-Biedl syndrome. Source: Reprinted with permission from Haws et al. (2015).
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(IFT) proteins responsible for axonemal extensions in cilia 

(Schock et al. 2017). The IFT mechanism supports bidirec-

tional movement along the microtubules of the cilia and 

consists of protein complexes called IFT particles and 2 micro-

tubule-based motor systems—namely, heterotrimeric kinesin 2 

and cytoplasmic dynein 2—which, with IFT particles, carry 

out anterograde and retrograde transport in the ciliary microtu-

bule (Scholey 2008; Mitchison and Valente 2017).

The development of the craniofacial complex requires intri-

cate interaction among various tissues, including the neural 

crest cells, neural ectoderm, and surface ectoderm (Schock 

et al. 2017). Murine studies indicate that loss of primary cilium 

and ciliary proteins in each of the aforementioned tissues dur-

ing embryonic development results in distinct phenotypes and 

alterations in cellular differentiation, proliferation, and apopto-

sis, suggesting that primary cilium and ciliary proteins have a 

unique role in individual craniofacial tissues (tissue-specific 

role) (Schock et al. 2017). Facial structures largely originate 

from neural crest cells, a multipotent cell type arising from the 

junction of the neural plate and surface ectoderm during early 

developmental stages. The controlled migration of neural crest 

cells along predefined paths in the neural tube during embry-

onic development is central to craniofacial morphogenesis, and 

disturbances give rise to various craniofacial anomalies (Tobin 

et al. 2008). During embryonic development, craniofacial 

structural abnormalities may be noted in the presence of cilial 

defects consequential to BBS mutations. For example, zebraf-

ish studies showed a decreased ratio of neurocranial length to 

width in BBS4, BBS6, and BBS8 mutants, supporting involve-

ment of protein products encoded by these genes in migration 

processes during embryonic development (Tobin et al. 2008). 

Furthermore, BBS3 gene knockout in mouse embryos gave rise 

to cleft lip/palate defects; presphenoid and basisphenoid bone 

defects; fusion of premaxillary bones, vomer wings, and cen-

tral upper incisors; and hypomorphic premaxillary shelves dur-

ing embryonic developmental stages (Kawasaki et al. 2016).

The craniofacial defects and aberrant cellular behavior dur-

ing embryonic development in mice with defects in Shh and 

Wnt signaling pathways underline the role of these pathways 

in the development of the craniofacial complex (Tobin et al. 

2008; Kawasaki et al. 2016). Perturbation of these pathways in 

BBS mutant zebrafish further suggests involvement of BBS 

proteins (ciliary proteins) in regulating these pathways during 

embryonic development (Tobin et al. 2008).

Role of Primary Cilium in Tooth Development

Dental anomalies in BBS patients have been attributed to 

structural and functional defects in primary cilium. Murine 

studies have established the presence of primary cilia in fetal 

tooth germs and dental follicle, neonate tooth germs, and adult 

molar teeth and periodontal ligament (Hisamoto et al. 2016).

The integration of Shh and Wnt pathways plays an impor-

tant role in tooth development. These pathways exhibit syner-

gistic and antagonistic relationships that are context dependent. 

For example, studies have shown that loss of the IFT ciliary 

protein kif3a resulted in a gain in Wnt signaling and loss of the 

Shh pathway, resulting in disruption of amelogenesis and den-

tinogenesis during tooth formation due to aberrant signaling of 

dental epithelium (Liu et al. 2014). Primary cilium plays a cru-

cial role in tooth development by regulating epithelial- 

mesenchymal interaction. Studies of human dental follicle 

cells and human dental pulp cells showed that selective knock-

out of the kif3a gene suppressed the osteoblastic differentiation 

of dental mesenchyme during tooth development by suppress-

ing the Wnt signaling pathway, which plays a critical role in 

cell differentiation of dental mesenchyme (Hisamoto et al. 

2016; Jiang et al. 2016). Hypodontia, present in a subset of 

BBS patients, has been attributed to defective ciliary structure. 

Studies in animal models have provided evidence that defects 

in primary cilium resulted in aberrant Shh signaling leading to 

defects in tooth number during fetal development (Ohazama 

et al. 2009). BBS4 and BBS6 gene expression is important for 

ciliogenesis in odontoblasts during tooth development, and 

gene mutations may underlie tooth abnormalities in BBS 

patients with mutations in these genes (Thivichon-Prince et al. 

2009). These studies suggest that cilia and ciliary proteins regulate 

these signaling pathways, which are vital for tooth development.

Clinical Manifestations

Diagnosis of BBS is primarily based on clinical features. Early 

detection of BBS is uncommon, since most features emerge 

during the first and second decades of life, with most affected 

individuals diagnosed in late childhood or early adulthood 

(Forsythe and Beales 2013). Fetal nephromegaly and increased 

renal echogenicity combined with polydactyly may alert the 

astute clinician to a prenatal diagnosis of BBS (Beales et al. 1999; 

Dar et al. 2001). Diagnosis of BBS is challenging due to phe-

notypic overlap of clinical symptoms with other ciliopathies, 

Table 1. Major and Minor Diagnostic Features of Bardet-Biedl 
Syndrome.

Feature Type Diagnostic Features

Major criteria Renal anomalies

 Rod-cone dystrophy

 Polydactyly

 Obesity

 Learning disabilities, cognitive impairment

 Hypogonadism in males

Minor criteria Speech disorder

 Ocular defects

 Brachydactyly, syndactyly

 Developmental delay

 Polyuria, polydipsia

 Ataxia

 Mild spasticity

 Diabetes mellitus

 Dental crowding, hypodontia, small roots, high-arched 
palate

 Congenital heart disease

 Hepatic fibrosis

Modified from Beales et al. (1999) and Forsythe and Beales (2013).
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giving rise to an array of potential differential diagnoses. 

Genetic testing is commercially available, providing clinicians 

a valuable diagnostic tool to define the correct syndrome or 

confirm clinical diagnosis. Commercial laboratories employ a 

combination of next-generation sequencing (NGS) and Sanger 

sequencing technology to identify pathogenic gene variants. 

Mutations in BBS1, BBS2, and BBS10 account for >50% of all 

individuals meeting diagnostic criteria for BBS. However, 

20% of individuals with BBS may not have a confirmed diag-

nosis based on the NGS and Sanger sequencing protocols (see 

Fig. 1B). Undefined deletions and duplications may account 

for inconclusive NGS and Sanger sequencing results encoun-

tered with the genotyping of some individuals with BBS. 

Employing an array of comparative genomic hybridization 

enables the detection of deletions and duplications of single 

and multiple exons within a given gene reference and can be 

especially useful when a clinical and genetic diagnosis remains 

uncertain (Tayeh et al. 2009).

Primary Features of BBS

Impaired vision and obesity pose significant and common 

problems in BBS. Rod-cone dystrophy, a typical feature of 

BBS, is seen in 90% to 93% of patients (Beales et al. 1999; 

Forsythe et al. 2003; Forsythe and Beales 2013). Retinal rod-

cone photoreceptors are destroyed, gradually leading to night 

blindness, constricted visual fields, and eventually complete 

blindness. Night blindness is typically evident by age 5 to 6 y, 

while the median age of legal blindness is 15.5 y. Incidence of 

obesity, a second common major primary feature, occurs in an 

estimated 72% to 92% of patients with BBS (Beales et al. 

1999; Forsythe and Beales 2013). A majority of patients 

exhibit normal weight at birth but develop truncal obesity dur-

ing childhood.

Genitourinary abnormalities are present in a majority of 

individuals (Forsythe and Beales 2013). The urogenital malfor-

mations include urogenital sinus, hydrometrocolpos, vesicoure-

teral reflux, calyceal and parenchymal cysts, fetal lobulation, 

unilateral renal agenesis, and horseshoe kidney. Chronic kid-

ney disease (CKD) is a leading cause of morbidity and prema-

ture mortality in BBS (Moore et al. 2005). The long-term renal 

impairment seen in most BBS patients may lead to CKD, pro-

gressing to end-stage renal disease, dialysis, and renal trans-

plantation. Chronic tubulointerstitial nephritis, cystic tubular 

disease, and renal malformations are the most common causes 

for renal impairment apart from glomerular defects and urinary 

concentrating defects (Beales et al. 1999; Forsythe and Beales 

2013). The presence of other comorbidities, including diabetes 

mellitus, hypertension, and hyperlipidemia, in BBS patients 

further affects renal function (Beales et al. 1999; Forsythe et al. 

2003; Imhoff et al. 2011). Renal ultrasonography often reveals 

fetal lobulation and loss of corticomedullary differentiation. 

Chronic tubulointerstitial nephritis with varying degrees of 

fibrosis is found on renal biopsy.

Cognitive impairment manifests in 61% of cases, with the 

majority of affected individuals exhibiting learning difficulties 

and with a smaller percentage having IQ impairment, attention 

deficits, and delayed thought processes (Beales et al. 1999; 

Forsythe et al. 2003; Majumdar et al. 2012; Hassona et al. 

2017). Postaxial polydactyly is present in 63% to 81% of cases 

(Beales et al. 1999). Genital abnormalities are noted in 59% to 

98% of patients (Beales et al. 1999; Forsythe et al. 2003).

Secondary Features of BBS

Secondary features include speech delay/disorder due to failure 

of coordination between pharyngeal and laryngeal muscles (Forsythe 

et al. 2003; Forsythe and Beales 2013). Developmental delay, 

behavioral abnormalities, brachydactyly, eye abnormalities 

(including strabismus, cataract, and astigmatism), ataxia, dia-

betes mellitus, dental anomalies, craniofacial dysmorphism, 

congenital cardiovascular anomalies, hepatic involvement, 

anosmia, hypertension, and hyperlipidemia represent other fre-

quently encountered secondary features (Beales et al. 1999; Forsythe 

et al. 2003; Imhoff et al. 2011; Forsythe and Beales 2013).

Oral Manifestations of BBS

Primary Oral Manifestations. Dentofacial anomalies are pres-

ent in >50% of affected individuals in concert with other clini-

cal features, including intra- and extraoral manifestations (see 

Table 2). Common extraoral manifestations are orbital hyper-

telorism, strabismus, philtrum discrepancies, hypotonic upper 

lip mouth breathing, retrognathia, incompetent lips, and bitem-

poral narrowing (Moore et al. 2005; Drugowick et al. 2007; 

Majumdar et al. 2012; Ferreira et al. 2014; Hassona et al. 

2017). Ptosis, palpebral fissure discrepancies, down-turned 

mouth, brachycephaly, macrocephaly, long ears, frontal bald-

ing in males, flat nasal bridge, and maxillary atresia were 

reported by Moore et al. (2005). Prominence of nasolabial 

folds were reported by Beales et al. (1999).

The intraoral manifestations reported to date include 

hypodontia, predominantly with absent maxillary and man-

dibular premolars, followed by lower lateral incisors, high-

arched palate, microdontia, crowding and spacing problems, 

and short dental roots in anterior and posterior teeth with oblit-

erated pulp chambers (Borgström et al. 1996; Urben et al. 

1999; Moore et al. 2005; Drugowick et al. 2007; Majumdar 

et al. 2012; Andersson et al. 2013; Ferreira et al. 2014; Hassona 

et al. 2017). Taurodontism (Andersson et al. 2013), unilateral 

and bilateral posterior crossbite (Ferreira et al. 2014; Hassona 

et al. 2017), and thicker mandible (Borgström et al. 1996) are 

less common. Enamel hypoplasia was also reported by Beales 

et al. (1999).

Secondary Oral Manifestations. Oral and clinical manifesta-

tions of patients with BBS may converge and lead to additional 

oral complications affecting oral health–related quality of life. 

Oral manifestations associated with genetic and clinical phe-

notypic expression in BBS are summarized in Table 3.

Mouth breathing (Drugowick et al. 2007; Hassona et al. 

2017) in BBS patients may cause xerostomia and decreased 
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salivary production and lead to increased anterior facial height 

and malocclusions (Malhotra et al. 2012; El Aouame et al. 

2016). Approximately 60% of affected patients (172 of 290) in 

the CRIBBS were mouth breathers. Hypoxic conditions in 

mouth breathing may cause sleep disturbances and nocturia in 

children. Incompetent lips occurring in these patients may 

result in increased occlusal vertical dimension causing diffi-

culty in swallowing (MacAvoy et al. 2016). Establishing a lip 

seal in affected patients may lead to overactive perioral muscu-

lature, further leading to malocclusion of anterior teeth (Tosello 

et al. 1999).

In most cases, drug-induced gingival hyperplasia is conse-

quential to prescribed pharmaceutical exposures, including 

calcium channel blockers, anticonvulsants, and immune sup-

pressants (Drugowick et al. 2007; Ferreira et al. 2014; Hassona 

et al. 2017). Drug-induced gingival hyperplasia is mostly seen 

in patients suffering from renal and neurologic problems and 

may cause tooth malposition and delayed tooth eruptions.

Hypodontia is seen in some affected individuals and may 

lead to problems in speech, mastication, and phonation, giving 

rise to craniofacial dysmorphism with decreased lower facial 

height and increased overbite (Nodal et al. 1994; Ogaard et al. 

1995; Kreczi et al. 2011). However, dental crowding is more 

common than hypodontia in these individuals. Approximately 

46% (134 of 290) of patients in the CRIBBS reported dental 

crowding, and 19% (56 of 290) underwent tooth extractions 

due to spacing problems. Individuals with dental crowding are 

at increased risk for poor oral hygiene and plaque accumula-

tion leading to oral halitosis and periodontitis, which may be 

exacerbated in mouth breathers (Ferreira et al. 2014; Hassona 

et al. 2017).

Approximately 35% (101 of 290) of individuals in the 

CRIBBS exhibited high-arched palate. Parents and caregivers 

of infants with high-arched palate may face feeding difficul-

ties. The poor sucking reflex in infants due to difficulty in 

achieving required negative pressure leads to inadequate intake 

of breast milk, affecting proper growth and functioning 

(Kudiyirickal and Pappachan 2015). Compromised airway 

protection during swallowing may lead to other serious respi-

ratory complications (Kudiyirickal and Pappachan 2015).

Obesity is a frequently encountered clinical phenotype in 

patients with BBS, which may further contribute to periodontal 

disease susceptibility, influencing the oral health–related qual-

ity of life of these patients. Notably, approximately 75% (199 

of 264) of individuals with BBS in the CRIBBS were obese, 

and 14% (37 of 264) were overweight. Truncal obesity 

observed in adult individuals with BBS (Forsythe et al. 2003; 

Forsythe and Beales 2013) has been attributed to leptin resis-

tance, adipocyte alterations, and hyperleptinemia (Feuillan et al. 

2011). A growing evidence base suggests that inflammatory 

processes associated with obesity and overweight status may 

exacerbate periodontal disease and its progression (Pischon 

et al. 2007; Chaffee et al. 2010; Costacurta et al. 2011). Greater 

clinical attachment loss and increased periodontal pocket depth 

were also reported in obese patients (Saito et al. 2001; Linden 

et al. 2007). Obese individuals with periodontal disease may 

exhibit greater periodontal destruction, as higher abdominal fat 

and higher waist-to-hip ratio will further increase periodon-

tium susceptibility to inflammatory destruction (Saito et al. 

2001). Moreover, incidence of caries is higher in obese indi-

viduals, and the decayed-missing-filled teeth index is higher 

(Mathus-Vliegen et al. 2007; Vázquez-Nava et al. 2010; 

Costacurta et al. 2011). Thus, regularly monitoring the peri-

odontal health of patients with BBS is paramount, and period-

icity of oral examinations needs to be defined based on the oral 

health status of individual patients and the capacity of the 

patient to regularly engage in effective oral hygiene practices.

Diabetes mellitus is a secondary feature in BBS individuals. 

Approximately 8% (24 of 290) of the BBS patients in the 

CRIBBS carry a diabetes mellitus diagnosis. The bidirectional 

relationship between diabetes mellitus and periodontitis is well 

documented. In some BBS patients, the combined presence of 

diabetes mellitus and CKD may synergize, thereby increasing 

the susceptibility of these individuals to periodontal destruc-

tion. Dissemination of periodontal pathogens may further con-

tribute to poor glycemic control.

An association between periodontitis and CKD negatively 

affects vitamin D metabolism, which is important for synthesis 

of bone matrix proteins and leads to periodontal tissue destruc-

tion (Klassen and Krasko 2002; Craig 2008; Fisher et al. 2011). 

The majority of individuals with BBS have CKD, with approx-

imately 8% (24 of 290) having end-stage CKD. Inflammatory 

mediators commonly elevated in BBS, including high sensitiv-

ity C-reactive protein, exacerbate periodontal inflammation. 

The inflamed periodontal tissue may concomitantly exacerbate 

CKD and coronary heart disease due to increased inflamma-

tory response. Notably, high-sensitivity C-reactive protein lev-

els may increase with increased periodontal inflammation 

(Craig 2008; Fisher et al. 2011). Dialysis therapy has been 

Table 2. Oral Manifestations of Bardet-Biedl Syndrome.

Manifestation

Extraoral Intraoral

Hypertelorism Hypodontia

Strabismus Microdontia

Ptosis High-arched palate

Long ears Crowding and spacing problems

Short palpebral fissures Short roots

Narrow palpebral fissures Taurodontism

Shallow philtrum Posterior crossbites

Long philtrum Thick mandible

Hypotonic upper lip  

Incompetent lips  

Mouth breathing  

Brachycephaly  

Macrocephaly  

Flat nasal bridge  

Prominent nasolabial folds  

Maxillary atresia  

Bitemporal narrowing  

Retrognathia  

Downturned mouth  
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utilized in 6% (17 of 290) of individuals in the CRIBBS, and 

7% (19 of 290) who had undergone renal transplantation were 

undergoing some form of dialysis. The most common oral man-

ifestations in patients undergoing hemodialysis and peritoneal 

dialysis are xerostomia, candidiasis, decreased salivary flow, 

uremic fetor, altered taste, gingival bleeding, petechiae, ecchy-

mosis, enamel hypoplasia, mucosal lesions including uremic 

stomatitis, pulp obliterations, bone demineralization, plaque 

accumulation, tooth mobility, erosions on lingual tooth surfaces, 

and periodontitis exhibiting increased attachment loss and peri-

odontal pocket depths (Klassen and Krasko 2002; Bayraktar 

et al. 2007; Bayraktar et al. 2008; Jover Cerveró et al. 2008). 

Gingival inflammation is another common oral manifestation 

for renal transplantation patients being treated with immuno-

suppressive drugs such as cyclosporine (Drugowick et al. 2007; 

Majumdar et al. 2012).

Patient Management

Current dental management approaches in the context of BBS 

address symptomology. The presence of cardiac, renal, cognitive, 

and other comorbidities complicates the dental management of 

affected individuals. In context of the BBS patient with obesity, 

dentists must be knowledgeable about perioperative consider-

ations and postoperative complications (Marciani et al. 2004; 

Krishnan 2009). Appropriate perioperative planning is crucial 

to avoid mechanical, cardiovascular, and respiratory injuries to 

these patients. Issues surrounding accessibility, including reca-

libration of the standard chair and other operatory equipment, 

which may not be suitable for obese patients, must be 

addressed. Using armless dental and waiting room chairs is 

suggested. Providing wheelchairs for patients with mobility 

issues must be considered (Marciani et al. 2004; Krishnan 

2009).

Individuals affected with BBS may present across a range 

of cognitive impairment and exhibit varying degrees of learn-

ing disabilities (Beales et al. 1999; Forsythe et al. 2003; 

Majumdar et al. 2012; Hassona et al. 2017). Autistic-like 

behavior in these patients may require fixed daily routines to 

promote function (Forsythe et al. 2003; Majumdar et al. 2012; 

Hassona et al. 2017). Patients with attention deficit may be 

slow to comply with verbal cues or may exhibit noncoopera-

tive or defiant behavior during dental treatment (Ferreira et al. 

2014; Hassona et al. 2017). Oral hygiene may be compromised 

in some patients due to fear and anxiety regarding placement of 

foreign objects into their mouths (Shanmugam et al. 2014). 

Dental pain may be poorly perceived and expressed by patients 

with cognitive difficulties. Pain expression in these individuals 

may differ from that of unaffected individuals. Dental pain–

associated behaviors in patients with BBS may include crying, 

reaching for cheek while eating, difficulty in chewing or brush-

ing, excessive salivation, putting hands inside the mouth while 

Table 3. Potential Oral Complications Due to the Clinical Manifestations in Patients with Bardet-Biedl Syndrome.

Clinical Manifestations Potential Oral Manifestations and Barriers in Care Delivery

Rod-cone dystrophy, retinal degeneration Accessibility issues

 Fear, apprehension, and anxiety during dental treatment

 Poor oral hygiene

 Hard and soft tissue injuries in mouth

Obesity Accessibility issues

 Periodontal disease

 Dental caries

 Peri- and postoperative complications

Cognitive defects, learning disabilities Poor oral hygiene

 Noncooperative and defiance behavior during treatment

 Dental pain is poorly perceived and expressed

 Drug-induced gingival hyperplasia

Renal abnormalities Periodontal diseases

 Drug-induced gingival hyperplasia

 Xerostomia, candidiasis, uremic fetor, altered taste, petechiae, ecchymosis, enamel hypoplasia, 
uremic stomatitis, erosions on lingual tooth surfaces

 Increased risk of bleeding during invasive dental procedures due to anticoagulant use during dialysis

Mouth breathing Xerostomia

 Increased anterior facial height

 Malocclusions

 Sleep disturbances and nocturia in children

Incompetent lips Gummy smile

 Difficulty in swallowing

 Increased activity of perioral musculature leading to malocclusions

Hypodontia Problems in speech mastication and phonation

 Decreased lower facial height

 Increased overbite

Dental crowding Poor oral hygiene and oral halitosis

High-arched palate Breast-feeding problems in infants



Anomalies of Bardet-Biedl Syndrome 1367

eating, and complaints of nocturnal earaches (Alaki and Bakry 

2012; Shanmugam et al. 2014). Caregivers must understand 

these behaviors and seek immediate attention. A busy waiting 

room, dental operatory lights, noisy diagnostic and treatment 

equipment, use of water spray and suction, and the taste of 

mouthwash may create anxiety, resulting in challenging and 

undesirable behavior (Dougall and Fiske 2008; Majumdar 

et al. 2012). A functional behavioral assessment during a prac-

tice visit to a dental clinic to familiarize with the dental envi-

ronment, equipment, and staff; teaching skills required for 

dental examination; and establishing a routine that includes 

taking the same route to the dental office and seeing the same 

staff in the same uniforms in the same operatory are recom-

mended (Dougall and Fiske 2008). Reinforcement techniques 

include understanding the influence of a certain stimulus or 

action on a child’s behavior. For example, if an appraisal for a 

good child’s action (“You are being a good boy today”) 

increases the compliance to dental procedures, then that stimu-

lus can act as positive reinforcement. A positive reinforcement 

along with the “tell-show-do” technique is helpful (Delli et al. 

2013). Caregivers must actively participate during treatment to 

achieve the BBS patient’s compliance with treatment. Using 

symbols and photographs should be considered. Minimizing 

the waiting time of these patients by giving them the first or 

last appointments of the day, using music or earplugs to mask 

the background noise, using protective eye gear, and other 

interventions can help reduce patients’ anxiety and increase 

coping mechanisms (Dougall and Fiske 2008).

Dental management of BBS patients undergoing dialysis or 

renal transplantation is challenging. The use of anticoagulants 

during dialysis increases the bleeding risk during invasive den-

tal procedures (Klassen and Krasko 2002; Jover Cerveró et al. 

2008; Mitchison and Valente 2017). Requesting a complete 

hematologic assessment with coagulation testing is advisable 

before invasive dental procedures in patients with BBS under 

renal management (Jover Cerveró et al. 2008), and consulta-

tion with a nephrologist to withhold the use of anticoagulants 

for a certain period is advisable when dental procedures are 

planned (Klassen and Krasko 2002; Georgakopoulou et al. 

2011). Dental procedures must be performed on nondialysis 

days to avoid the potential presence of residual anticoagulants 

in the system (Klassen and Krasko 2002; Jover Cerveró et al. 

2008). Antibiotic prophylaxis is recommended before invasive 

procedures to prevent bacterial endocarditis. The drugs to be 

prescribed must be carefully selected, with their dosage and 

frequency modified, and certain nephrotoxic drugs must be 

avoided (including aminoglycoside antibiotics, vancomycin, 

and nonsteroidal anti-inflammatory drugs) (Klassen and Krasko 

2002; Jover Cerveró et al. 2008; Georgakopoulou et al. 2011). 

Completing all necessary dental care should occur before renal 

transplantation, since use of immunosuppressive agents after 

transplantation reduces the body’s ability to cope with sys-

temic infections (Klassen and Krasko 2002; Georgakopoulou 

et al. 2011). Invasive procedures, including gingivectomy, 

which is usually the treatment of choice for gingival hyperplasia, 

must be carefully planned in consultation with the nephrologist. 

Using local anesthetic agents without vasoconstrictors, addi-

tional corticosteroid doses to prevent adrenal crisis for patients 

on long-term corticosteroids, and proper prescription medica-

tion selection is recommended.

Future Directions

Genetic and clinical heterogeneity surrounding BBS makes 

diagnosis of the syndrome challenging. Dental providers must 

maximize their knowledgeability surrounding individual 

patients to enhance accurate diagnoses and project clinical and 

dental manifestations of these patients, including prediction of 

potential oral complications that may arise as a consequence of 

the genetic and associated clinical phenotype. Gathering as 

much clinical and genetic data as possible will inform timely 

provision of preventive care and interventions. Educating and 

involving caregivers and clinical consultation is important and 

highly recommended. An interdisciplinary team (medical spe-

cialists, psychologists, speech pathologists, and dentists) and a 

holistic approach are necessary to improve the quality of life of 

these patients.

To assess structural manifestations, cephalometric analysis 

by an orthodontist or oral surgeon may currently be used to 

analyze bone and soft tissue landmarks of the face to identify 

craniofacial anomalies (Fig. 2), which may be of value in 

establishing an early differential diagnosis. Future directions 

include opportunities for use of predictive big data analytics to 

identify the facial and skeletal discrepancies in these patients, 

which may provide early diagnostic clues and focus the list of 

potential differential diagnoses. For example, creating a 

Figure 2. Cephalometric analysis of patients with Bardet-Biedl 
syndrome (BBS) for early diagnosis. Modified from Tobin et al. (2008). 
Ratio of T-T/N-SN is greater in patients with BBS than nonaffected 
individuals. Ratio of N-GN/N-SN is greater in patients with BBS than 
nonaffected individuals. Ratio of N-GN/T-T is greater in patients with 
BBS than nonaffected individuals.
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database of facial photographs of BBS patients with manually 

annotated facial points can be used to train and test a machine 

learning algorithm that might inform early diagnosis. This data-

base could also aid in identifying various mutations associated 

with a given facial phenotype. Using 3-dimensional dense sur-

face modeling will be an effective method to study the craniofa-

cial defects in BBS individuals. The sonographic imaging can 

be used to gather the information of any fetal facial anomalies 

associated with this syndrome and incorporate this information 

into a database capturing fetal face profiling, which may inform 

prenatal diagnosis of this syndrome. These data can also be 

used to develop applications, such as Face2Gene, that use deep 

learning algorithms to build syndrome-specific classifier mod-

els. Further research based on NGS to identify additional muta-

tional variants of BBS genes responsible for dentofacial 

anomalies is needed in the context of BBS and other ciliopa-

thies to assist with accurate syndromic diagnosis. Collectively, 

these data will inform creation of clinical decision support tools 

and definitive clinical practice guidelines to inform optimal 

clinical management across the broad spectrum of oral and sys-

temic manifestations encountered in patients affected by BBS.
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