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Amelogenesis imperfecta

Description 

Amelogenesis imperfecta is a group of disorders of tooth development. In people with 
this condition, tooth enamel does not form properly. Tooth enamel is the hard, white 
material that is mainly made of mineral crystals and forms the protective outer layer of 
each tooth. People with amelogenesis imperfecta may have teeth that appear (erupt) 
later than normal, and their teeth may be unusually small, discolored, pitted, or grooved. 
Affected individuals can also have misalignment of the top and bottom teeth (
malocclusion). Because of these teeth problems, people with amelogenesis imperfecta 
often have difficulty eating, sensitivity to certain foods and drinks, and pain when 
brushing their teeth. Their teeth are also prone to rapid wear, frequent cavities, and 
breakage. Other dental abnormalities are also possible. These problems can affect both 
primary (baby) teeth and permanent (adult) teeth.

Because amelogenesis imperfecta causes changes in a person's appearance, the 
condition can profoundly affect quality of life and self-esteem if not treated. In some 
people, the condition can lead to avoidance of social activities, anxiety, and other 
emotional or psychological issues.

Researchers have described at least four forms of amelogenesis imperfecta: 
hypoplastic (also referred to as type I), hypomaturation (type II), hypocalcified (type III), 
and hypomaturation and hypocalcified with taurodontism (type IV). These types are 
generally distinguished by their specific enamel abnormalities. The hypoplastic type is 
defined by thin enamel, the hypomaturation type is defined by weak or brittle enamel, 
and the hypocalcified type is defined by soft enamel. The hypomaturation and 
hypocalcified with taurodontism type involves weak and soft enamel and teeth that are 
too large for the size of their roots, which are small (this combination is known as 
taurodontism). These four types of amelogenesis imperfecta are further divided into 
subtypes according to their pattern of inheritance and their genetic cause.

Some doctors simplify the classification of amelogenesis imperfecta by grouping 
structural problems with enamel into one group (quantitative enamel defect) and 
strength or hardness issues with enamel into a second group (qualitative enamel defect).

Amelogenesis imperfecta can occur without any other signs and symptoms (isolated) or 
it can occur as part of a syndrome that affects multiple parts of the body (syndromic). A 
subtype of type I, known as amelogenesis imperfecta type IG, can affect the kidneys 
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and is called enamel-renal syndrome. People with this condition may develop calcium 
deposits in the kidneys (nephrocalcinosis) later in life.

Frequency 

The incidence of amelogenesis imperfecta varies widely depending on the population, 
from 1 in 700 people in northern Sweden to 1 in 14,000 people in the United States. 
Type I is the most common form, accounting for about half of all cases.

Causes 

Variants (also called mutations) in more than 20 different genes can cause 
amelogenesis imperfecta. Variants in the SACK1H, FAM20A, AMELX, and ENAM 
genes account for over half of all cases. These genes, as well as many other genes that 
are associated with amelogenesis imperfecta, provide instructions for making proteins 
that are essential for normal enamel and tooth development. 

Variants in the genes that are associated with amelogenesis imperfecta often lead to an 
altered protein structure or prevent the production of any functional proteins. As a result, 
tooth enamel does not form normally and may instead be thin, weak, or soft. The 
abnormal enamel results in teeth that are easily damaged and can become discolored.

Some people with amelogenesis imperfecta do not have a variant in any of the genes 
that are associated with this condition. In these people, the genetic cause of the 
condition is unclear. However, enamel defects can occur in combination with dozens of 
other conditions.  

Learn more about the genes associated with Amelogenesis imperfecta 
 
• AMELX 

• COL17A1 

• COL7A1 

• ENAM 

• FAM20A 

• LAMA3 

• LAMB3 

• LAMC2 

• MMP20 

• SACK1H 
 

Additional Information from NCBI Gene: 
 
• ACP4 

• AMBN 

https://medlineplus.gov/genetics/gene/sack1h/
https://medlineplus.gov/genetics/gene/fam20a/
https://medlineplus.gov/genetics/gene/amelx/
https://medlineplus.gov/genetics/gene/enam/
https://medlineplus.gov/genetics/gene/amelx/
https://medlineplus.gov/genetics/gene/col17a1/
https://medlineplus.gov/genetics/gene/col7a1/
https://medlineplus.gov/genetics/gene/enam/
https://medlineplus.gov/genetics/gene/fam20a/
https://medlineplus.gov/genetics/gene/lama3/
https://medlineplus.gov/genetics/gene/lamb3/
https://medlineplus.gov/genetics/gene/lamc2/
https://medlineplus.gov/genetics/gene/mmp20/
https://medlineplus.gov/genetics/gene/sack1h/
https://www.ncbi.nlm.nih.gov/gene/93650
https://www.ncbi.nlm.nih.gov/gene/258
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• AMTN 

• ARHGAP6 

• DLX3 

• GPR68 

• ITGB6 

• KLF14 

• KLK4 

• ODAPH 

• RELT 

• SLC24A4 

• SP6 

• WDR72 

Inheritance 

Amelogenesis imperfecta can have different inheritance patterns depending on the 
specific gene that is altered. 

When amelogenesis imperfecta is caused by variants in the SACK1H gene, it is 
inherited in an autosomal dominant pattern. This type of inheritance means one copy of 
the altered gene in each cell is sufficient to cause the disorder.

When this condition is caused by variants in the FAM20A gene, it is inherited in an 
autosomal recessive pattern. Autosomal recessive inheritance means both copies of the 
gene in each cell must have a variant to cause the disorder. The parents of an individual 
with an autosomal recessive condition each carry one copy of the altered gene, but they 
typically do not show signs and symptoms of the condition.

When this condition is caused by variants in the ENAM gene, it can be inherited in 
either an autosomal dominant or an autosomal recessive pattern.

When amelogenesis imperfecta is caused by variants in the AMELX gene, it is inherited 
in an X-linked pattern. A condition is considered X-linked if the altered gene that causes 
the disorder is located on the X chromosome, one of the two sex chromosomes in each 
cell. In males (who have only one X chromosome), a variant in the only copy of the 
gene in each cell is sufficient to cause the condition. In females (who have two copies of 
the X chromosome), one altered copy of the gene may or may not cause the features of 
the condition. A characteristic of X-linked inheritance is that fathers cannot pass X-
linked traits to their sons. In most cases, males with amelogenesis imperfecta caused 
by AMELX gene variants experience more severe dental abnormalities than females 
with similar variants.

In some cases, amelogenesis imperfecta can result from new (de novo) variants in the 
gene that occur during the formation of reproductive cells (eggs or sperm) in an affected 

https://www.ncbi.nlm.nih.gov/gene/401138
https://www.ncbi.nlm.nih.gov/gene/395
https://www.ncbi.nlm.nih.gov/gene/1747
https://www.ncbi.nlm.nih.gov/gene/8111
https://www.ncbi.nlm.nih.gov/gene/3694
https://www.ncbi.nlm.nih.gov/gene/136259
https://www.ncbi.nlm.nih.gov/gene/9622
https://www.ncbi.nlm.nih.gov/gene/152816
https://www.ncbi.nlm.nih.gov/gene/84957
https://www.ncbi.nlm.nih.gov/gene/56796
https://www.ncbi.nlm.nih.gov/gene/80320
https://www.ncbi.nlm.nih.gov/gene/256764
https://medlineplus.gov/genetics/understanding/mutationsanddisorders/genemutation/
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individual's parent or during early embryonic development. These affected individuals 
have no history of the disorder in their family.

Other Names for This Condition 
 
• AI 

• Congenital enamel hypoplasia 

Additional Information & Resources 

Genetic Testing Information 
 
• Genetic Testing Registry: Amelogenesis imperfecta (https://www.ncbi.nlm.nih.gov/gt

r/conditions/C0002452/) 
 

Genetic and Rare Diseases Information Center 
 
• Amelogenesis imperfecta (https://rarediseases.info.nih.gov/diseases/5791/index) 

 

Patient Support and Advocacy Resources 
 
• National Organization for Rare Disorders (NORD) (https://rarediseases.org/) 

 

Clinical Trials 
 
• ClinicalTrials.gov (https://clinicaltrials.gov/search?cond=%22Amelogenesis imperfec

ta%22) 
 

Catalog of Genes and Diseases from OMIM 
 
• AMELOGENESIS IMPERFECTA, HYPOMATURATION TYPE, IIA1; AI2A1 (https://

omim.org/entry/204700) 

• AMELOGENESIS IMPERFECTA, HYPOMATURATION TYPE, IIA2; AI2A2 (https://
omim.org/entry/612529) 

• AMELOGENESIS IMPERFECTA, HYPOMATURATION TYPE, IIA3; AI2A3 (https://
omim.org/entry/613211) 

• AMELOGENESIS IMPERFECTA, HYPOMATURATION TYPE, IIA4; AI2A4 (https://
omim.org/entry/614832) 

• AMELOGENESIS IMPERFECTA, HYPOMATURATION TYPE, IIA5; AI2A5 (https://
omim.org/entry/615887) 

• AMELOGENESIS IMPERFECTA, HYPOMATURATION TYPE, IIA6; AI2A6 (https://
omim.org/entry/617217) 

https://www.ncbi.nlm.nih.gov/gtr/conditions/C0002452/
https://rarediseases.info.nih.gov/diseases/5791/index
https://rarediseases.org/
https://clinicaltrials.gov/search?cond=%22Amelogenesis imperfecta%22
https://omim.org/entry/204700
https://omim.org/entry/612529
https://omim.org/entry/613211
https://omim.org/entry/614832
https://omim.org/entry/615887
https://omim.org/entry/617217
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• AMELOGENESIS IMPERFECTA, TYPE IA; AI1A (https://omim.org/entry/104530) 

• AMELOGENESIS IMPERFECTA, TYPE IB; AI1B (https://omim.org/entry/104500) 

• AMELOGENESIS IMPERFECTA, TYPE IC; AI1C (https://omim.org/entry/204650) 

• AMELOGENESIS IMPERFECTA, TYPE IE; AI1E (https://omim.org/entry/301200) 

• AMELOGENESIS IMPERFECTA, TYPE IF; AI1F (https://omim.org/entry/616270) 

• AMELOGENESIS IMPERFECTA, TYPE IG; AI1G (https://omim.org/entry/204690) 

• AMELOGENESIS IMPERFECTA, TYPE IH; AI1H (https://omim.org/entry/616221) 

• AMELOGENESIS IMPERFECTA, TYPE IIIA; AI3A (https://omim.org/entry/130900) 

• AMELOGENESIS IMPERFECTA, TYPE IIIB; AI3B (https://omim.org/entry/617607) 

• AMELOGENESIS IMPERFECTA, TYPE IIIC; AI3C (https://omim.org/entry/618386) 

• AMELOGENESIS IMPERFECTA, TYPE IJ; AI1J (https://omim.org/entry/617297) 

• AMELOGENESIS IMPERFECTA, TYPE IK; AI1K (https://omim.org/entry/620104) 

• AMELOGENESIS IMPERFECTA, TYPE IV; AI4 (https://omim.org/entry/104510) 
 

Scientific Articles on PubMed 
 
• PubMed (https://pubmed.ncbi.nlm.nih.gov/?term=(Amelogenesis+Imperfecta%5BM

AJR%5D)+AND+(amelogenesis+imperfecta%5BTIAB%5D)+AND+english%5Bla%5
D+AND+human%5Bmh%5D) 
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