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1. Introduction

 Orofacial clefts, cleft of the lip (CL) with or without cleft palate (CP), are one of the 
commonest birth defects, and may be associated with other congenital anomalies [1, 2]. 

The National Institute of Dental and Craniofacial Research (NIDCR) estimates that in the 
United States a baby is born every hour with a craniofacial defect [3].

 Genetics plays a very important role in normal craniofacial development, abnormal 
dental anomalies, and different dental diseases such as dental caries, periodontitis, and dental 
malocclusion [4]. 

 Identification of the molecular genetic pathways that dictate palatogenesis and lip 
formation could offer new and exciting possibilities for the prevention and therapy of orofacial 
clefts [5 - 7].

2. Classification

 International Classification of Diseases (ICD), defines the universe of diseases, disorders, 
injuries and other related health conditions, listed in a comprehensive and hierarchical fashion 
[8].

According to ICD - World Health Organization’s, orofacial clefts include:

I. CLEFT LIP

Cleft lip, bilateral• 
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Cleft lip, median• 

Cleft lip, unilateral • 

Cleft lip unspecified • 

II. CLEFT PALATE

Cleft hard palate• 

Cleft soft palate• 

Cleft hard palate with cleft soft palate• 

Cleft uvula• 

Cleft palate, unspecified• 

III. CLEFT PALATE WITH CLEFT LIP

Cleft hard palate with bilateral cleft lip • 

Cleft hard palate with unilateral cleft lip • 

Cleft hard palate with cleft lip, unspecified • 

Cleft soft palate with bilateral cleft lip• 

Cleft soft palate with unilateral cleft lip• 

Cleft soft palate with cleft lip, unspecified • 

Cleft hard and soft palate with bilateral cleft lip• 

Cleft hard and soft palate with unilateral cleft lip• 

Cleft hard and soft palate with cleft lip, unspecified • 

Unspecified cleft palate with bilateral cleft lip• 

Unspecified cleft palate with unilateral cleft lip• 

Cleft palate with cleft lip, unspecified• 

3. Genetics

 The high familial aggregation rates, recurrence risks and elevated concordance rates in 
monozygous versus dizygous twins provide evidence for a strong genetic component in clefts 
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lip and palate [9].

Clefts of the lip and palate have been of interest in the scientific literature since at least • 
the 1700’s, and currently represent one of the major success stories in applying modern 
molecular genetic techniques to a common, complex disorder [10].

Cleft lip is a fissure in the upper lip that is due to failure of the left and right sides of the fetal • 
lip tissue to fuse, an event that should take place by 35 days of fetal age [11].

Cleft lip includes: cheiloschisis, congenital fissure of lip, harelip and labium leporinum.

Cleft palate (palatoschisis) is an opening of the hard palate (the bony front portion of the • 
roof of the mouth) or the soft palate (the muscular non-bony region in the rear of the roof 
of the mouth [11]. 

Associated dental abnormalities includes: supernumery teeth, dystrophic teeth, missing • 
teeth and malocclusion. 

Cleft lip and cleft palate which can also occur together as cleft lip and palate, are variations • 
of a type of clefting congenital deformity caused by abnormal facial development during 
gestation [12].

3.1. Etiology of cleft lip and cleft palate

 Cleft lip and cleft palate is etiologically heterogeneous with both genetics and 
environmental contributions.

 The major cause in development of non-syndromic cleft lip and palate has not been fully 
elucidated due to complex interaction between genetic and environmental risk factors [13].

The most common risk factors reported were: • 

 Heredity (genetic predisposition) 	

 Maternal exposure to tobacco products, alcohols, radiation, some viral infections (Rubella 	

virus), nutritional deficiencies, physiologic and traumatic stresses during development 

 Defective vascular supply to the affected area 	

 Mechanical disturbances (tounge size may interfere) 	

 Effect of medications: Retinoic Acid, Phenytoin, Valproic Acid, Aminopterin, Cortison, 	

Thalidomide, Anticancer drugs, etc. 

 Syndrome associated cleft lip and cleft palate: Gorlin, Oculofaciocardiodental, Stickler, 	
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Smith–Lemli–Opitz, Crouzon, Apert, Cornelia de Lange, Campomelic dysplasia, Pierre 
Robin, DiGeorge, Treacher Collins, Orofacialdigital type I [14, 15].

3.2. Genetic predisposition of cleft lip and cleft palate 

According to Fogh and Anderson less than 40% of cases of cleft lip with or without cleft • 
palate are genetic in origin transmitted through a male sex linked recessive gene and less 
than 20% of isolated cleft palates are genetically determined. 

Two possible mode of transmission - by a single mutant gene (monogenic) producing large • 
effect or by a number of genes (polygenic inheritance) producing small effect.

Gene that involves in the process: • 

TGFB3	

MSX1 	

AP2 	

IRF6 	

FGFR1, etc. [14].	

3.3. Genetics of non-syndromic cleft lip with or without cleft palate

Non syndromic orofacial clefts specifically non-syndromic cleft lip/palate are one of the 
most common craniofacial malformation among birth defects in human having multifactorial 
etiology with an incidence of 1:700/1000, [13] .

Non-syndromic inheritance is multifactorial.• 

Positive family history in 26% cases:• 

 Cleft lip with or without cleft palate:	

One Parent - 2% − 

One Sibling - 4% − 

Two Siblings - 9% − 

One Parent + One Sibling - 15% − 

 Cleft Palate: 	

One Parent - 7% − 
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One Sibling - 2% − 

Two Siblings - 1% − 

One Parent + One Sibling - 17% − 

 Know teratogens: 	

Specific drugs, i.e. Phenitoin, Methotrexate, Sodium Valproate− 

alcohol, cigarette smoking− 

pesticides (Doxin), [16, 17].− 

3.4. Reported etiologies of non-syndromic cleft lip with or without cleft palate

 Nonsyndromic cleft lip and palate (CL/P) is a common craniofacial malformation with 
a complex genetic component [18].

Candidate cleft lip/palate genes:	

IRF6− 

MTHFR− 

TGFA− 

SATB2− 

MSX1− 

PVRL1− 

TGFB3− 

CLPTM1− 

TBX22 [19] − 

 Maternal risk factors:	

Smoking− 

Alchoolism− 

Obesity− 

Gestational and Pregestational diabetes− 
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Age > 40 years− 

Dietary deficiencies in vitamins and minerals: Folate or Zinc deficiency [18].− 

 Teratogens:	

Valproic Acid, Diphenylhydantoin, Retinoic Acid, Phenobarbital, Benzodiazepines, − 
Corticosteroid therapy , oral hormones , multi-drug therapy

Chemical solvents − 

Pesticides, herbicides, insecticides, fungicides− 

Occupation related (leather, shoemaking, healthcare), [20, 21].− 

3.5. Genetics of syndromic cleft lip with or without cleft palate

 Mutations in single genes and chromosomal abnormalities are the most common 
mechanisms underlying syndromic cleft lip/palate [22]. More than 500 syndromes are associates 
with cleft lip with or without cleft palate as part of the phenotype.

 Inheried Syndromes:	

Sticklers Syndrome (autosomal dominant) − 

Van der Woudes Syndrome (autosomal dominant)− 

Velocardiofacial Syndrome or 22q11.2 Deletion Syndrome (autosomal dominant)− 

Treacher Collins Syndrome (autosomal dominant)− 

 Chromosomal anomalies:	

Trisomy 13 (Patau syndrome) − 

Trisomy 18 (Edwards syndrome)− 

Trisomy 21 (Down syndrome)− 

partial deletions and duplications of other chromosomes − 

 Non-Inheried Syndromes:	

Pierre Robin sequence (50% have a Sticklers syndrome/22q11), [16].− 
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3.6. Recurrence risk

 The estimate of recurrence risk in non-Mendelian disorders requires a reliable model of 
inheritance, a large unselected sample of affected subjects, and an accurate diagnostic procedure 
to obtain a sample as aetiologically homogeneous as possible [23]. 

 Isolated cleft palate has been shown to have a strong genetic component based on its 
high recurrence rate in families of affected individuals [24] . 

The recurrence risk for a cleft for another child depends on the severity of the cleft and 	

the presence or absence of a family history. 

Recurrence risk and offspring risk figures are available for isolated cleft lip and palate 	

and isolated cleft palate, and take into account the severity of the malformation. If the cleft 
is associated with a known syndrome, the recurrence risk will depend on the genetics of the 
syndrome [25] . 

The recurrence risks for cleft lip/cleft palate caused by complex inheritance are higher 	

in families with more than one affected and in cases with a more severe presentation [bilateral 
vs. unilateral, isolated cleft lip vs. cleft lip and cleft palate [26].

3. 7. Genetic counseling

 Children born with oral clefts have been shown to have higher mortality rates, especially in 
the presence of other birth defects [27, 28]. Care for this children is multidisciplinary and includes 
plastic surgery, nursing, maxillofacial surgery, otolaryngology, speech therapy, audiology, 
psychological counseling, genetic testing and counseling, dentistry, and orthodontics [24] .

Genetic counselling for this condition is complex. Although most are considered 	

multifactorial disorders (genes and environmental factors). 

Genetic counselling can identify high-risk families. The cleft team will refer those 	

families where they think the child has a genetic syndrome. Talk to your cleft team about 
accessing the genetics service if you are worried. The recurrence risk is increased if the cleft 
is more severe [25] . 

Genetic testing for the nonsyndromic cases is only available under a research basis. 	

With improved technology, cleft lip and cleft palate can sometimes be visualized on 
ultrasound. Clinical and/or research testing is available for some of the clefting syndromes 
[26].

Currently, craniofacial abnormalities such as 	 orofacial clefts, can be detected by prenatal 
modern ultrasound examination (Figure 1 and Figure 2), [7, 29 - 31]. 
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 Images courtesy of Dr. Dinu-Florin Albu, [32].

Figure 1: Prenatal diagnosis of a fetus with non-syndromic cleft lip. Ultrasound examination: cleft lip (a, b); Karyotype 
46, XX (c).

 Images courtesy of Dr. Dinu-Florin Albu, [32].

Figure 2: Prenatal diagnosis of a fetus with syndromic cleft lip/palate: Patau syndrome. Ultrasound examination: cleft 
lip/palate (a), polydactyly (c, d); Anatomopathological examination (b); Karyotype 47, XY,+13 (e);



9

Oral and Craniofacial Diseases & Disorders

4. References

1. R. Venkatesh. Syndromes and anomalies associated with cleft. Indian J Plast Surg. 2009 Oct; 42(Suppl): S51–S55. 
doi: 10.4103/0970-0358.57187.

2. D. Albu, C. Albu, S. Albu. Prenatal ultrasound detection of the fetus with syndromic complex orofacial cleft and 
congenital heart defect: case report. European Journal of Biomedical and Pharmaceutical Sciences, ISSN 2349-8870, 
2016, Volume 3, Issue 12, 87-89. 

3. Dental Anomalies | Encyclopedia.Com. https://www.encyclopedia.com/medicine/encyclopedias-almanacs-transcripts-
and-maps/dental-anomalies. Accessed 17 Aug. 2019.

4. Goswami. Genetics in Pediatric Dentistry. http://www.srmjrds.in/article.asp?issn=0976-433X;year=2017;volume=8;
issue=3;spage=132;epage=135;aulast=Goswami. 

5. Kouskoura T, Fragou N, Alexiou M, John N, Sommer L, Graf D, Katsaros C, Mitsiadis TA. The genetic basis of 
craniofacial and dental abnormalities. Schweiz Monatsschr Zahnmed. 2011; 121(7-8): 636-46

6. Severin EM, Albu C, Albu DF. Genetică umană: concepte şi aplicaţii practice. Editura Medicală, 2004.

7. G. Ion, C. Albu, S. Albu, D. Albu. The benefits of prenatal testing associated with oral and maxilloacial pathology: 
new case report. European Journal of Biomedical and Pharmaceutical Sciences, ISSN 2349-8870, 2017, Volume 4, Issue 
4, 670 – 673. 

8. https://www.who.int/classifications/icd/en/.

9. Philip Stanier, Gudrun E. Moore, Genetics of cleft lip and palate: syndromic genes contribute to the incidence of 
non-syndromic clefts, Human Molecular Genetics, Volume 13, Issue suppl_1, 1 April 2004, Pages R73–R81, https://
doi.org/10.1093/hmg/ddh052

10. Leslie EJ, Marazita ML (2013). Genetics of cleft lip and cleft palate. American Journal of Medical Genetics Part C: 
Seminars in Medical Genetics, 163(4), 246–258. https://doi.org/10.1002/ajmg.c.31381

11. Cleft palate and cleft lip symptoms, causes & treatments. (n.d.). Retrieved August 22, 2019, from Medicine Net 
website: https://www.medicinenet.com/cleft_palate_and_cleft_lip/article.htm

12. Kohli, S., & Kohli, V. (2012). A comprehensive review of the genetic basis of cleft lip and palate. Journal of Oral 
and Maxillofacial Pathology, 16(1), 64.https://doi.org/10.4103/0973-029X.92976

13. Saleem K, Zaib T, Sun W, Fu S. Assessment of candidate genes and genetic heterogeneity in human non syndromic 
orofacial clefts specifically non syndromic cleft lip with or without palate. Heliyon, Vol. 5, Issue 12, 2019, e03019. 
https://doi.org/10.1016/j.heliyon.2019.e03019

14. Sk Aziz Ikbal. (2017, April). Cleft lip & cleft palate. Health & Medicine. Retrieved from https://www.slideshare.net/
skaziz13/cleft-lip-cleft-palate-74401348

15. Allam E, Stone C (2014) Cleft Lip and Palate: Etiology, Epidemiology, Preventive and Intervention Strategies . Anat 
Physiol 4: 150. doi: 10.4172/2161-0940.1000150

16. Презентация на тему: “cleft lip and palate grand rounds presentation by greg young, m. D. Ronald deskin, m. 
D. “. Скачать бесплатно и без регистрации. (n.d.). Retrieved August 22, 2019, from http://www.myshared.ru/
slide/1343042/

17. vasanramkumar. (2014, September). Cleft lip and palate ppt. Retrieved from https://www.slideshare.net/
vasanramkumar/cleft-lip-and-palate-ppt

18. Prescott GNJ, Winter RM, Malcolm S. Nonsyndromic cleft lip and palate: Complex genetics and environmental 



10

Oral and Craniofacial Diseases & Disorders

effects. Ann. Hum. Genet. (2001), 65, 505–515. DOI: 10.1017/S0003480001008867

19. Kohli SS, Kohli VS. A comprehensive review of the genetic basis of cleft lip and palate. J Oral Maxillofac Pathol. 
2012;16(1):64–72. doi:10.4103/0973-029X.92976

20. Shkoukani, M. A., Chen, M., & Vong, A. (2013). Cleft lip – a comprehensive review. Frontiers in Pediatrics, 1. 
https://doi.org/10.3389/fped.2013.00053

21. Leite ICG, Paumgartten FJR , Koifman S. Chemical exposure during pregnancy and oral clefts in newborns. Cad. Saúde 
Pública [online]. 2002, vol.18, n.1, pp.17-31. ISSN 0102-311X. https://doi.org/10.1590/S0102-311X2002000100003.

22. Brito LA, Meira JGC, Kobayashi GS, Passos-Bueno MR. Genetics and Management of the Patient with Orofacial 
Cleft. Plastic Surgery International, Vol. 2012, Article ID 782821, 11 pages. https://doi.org/10.1155/2012/782821 K. 

23. Tenconi R, Clementi M, Turolla L. Theoretical recurrence risks for cleft lip derived from a population of consecutive 
newborns. Journal of Medical Genetics 1988, 25, 243-246.

24. Burg ML, Chai Y, Yao CA, Magee W III and Figueiredo JC (2016) Epidemiology, Etiology, and Treatment of 
Isolated Cleft Palate. Front. Physiol. 7:67. doi: 10.3389/fphys.2016.00067

25. Lynch S A. Genetic Information on Cleft Lip and/or Palate. Temple Street Children’s University Hospital. 2016. 
https://www.ucd.ie/medicine/t4media/cleft%20genericsFinal.pdf

26. Modes of inheritance—Cleft lip +/- cleft palate. (n.d.-a). Retrieved August 22, 2019, from http://hihg.med.miami.
edu/code/http/modules/education/Design/SubSlide.asp?ID=147

27. Vallino-Napoli, L. D., Riley, M. M., and Halliday, J. L. (2006). An epidemiologic study of orofacial clefts with other 
birth defects in Victoria, Australia. Cleft Palate Craniofac. J. 43, 571–576. doi: 10.1597/05-123

28. Carlson, L., Hatcher, K. W., and Vander Burg, R. (2013). Elevated infant mortality rates among oral cleft and isolated 
oral cleft cases: a meta-analysis of studies from 1943 to 2010. Cleft Palate Craniofac. J. 50, 2–12. doi: 10.1597/11-087

29. Ghi T, Perolo A, Banzi C, Contratti G, Valeri B, Savelli L et al.: Two-dimensional ultrasound is accurate in the 
diagnosis of fetal craniofacial malformation. Ultrasound Obstet Gynecol 19(6): 543–551 (2002)

30. Albu, C., Albu, D. F., Severin, E. and Toma, A. I. (2005), P01.10: Prenatal diagnosis of Patau syndrome: ultrasound 
and maternal serum screening: case report. Ultrasound Obstet Gynecol, 26: 378. doi:10.1002/uog.2244

31. Emilia Severin; Dinu Albu; Crenguta Albu; Mihai Dumitrescu. Early prenatal detection of a fetus with trisomy 13. 
Prenatal Diagnosis. 28():S19–S20, May 2008

32. Albu D-F, Atlas of ultrasound in obstetrics. ISBN 978-1-73032-785-8, Sara Book Publication, 2016. https://
sarapublication.com/product/atlas-of-ultrasound-in-obstetrics/


