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Human sex chromosomes in oral and craniofacial growth 

Abstract 

Studies on tooth crown size and structure in families and in individuals with various sex 

chromosome anomalies have demonstrated differential direct effects of the human X and Y 

chromosome genes on growth. The Y chromosome promotes both tooth crown enamel and 

dentin growth, whereas the effect of the X chromosome on crown growth seems to be 

restricted to enamel formation. Enamel growth is decisively influenced by cell secretory 

function and dentin growth by cell proliferation. It is suggested that these differential effects 

of the X and Y chromosomes on growth explain the expression of sexual dimorphism in 

various somatic features. These include tooth crown and root size, crown shape and the 

number of the teeth, and under the assumption of genetic pleiotropy, torus mandibularis, 

statural growth, and sex ratio.  It is of interest that molecular studies have shown that the gene 

loci for human amelogenin, the major protein component of the organic matrix in enamel are 

on both the X and Y chromosomes.  Future questions include the role of the Y chromosome 

in the mineralization process, the concentric control of enamel and dentin growth, and gene 

expression. 
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Introduction  

The reason for sexual dimorphism in the growth of bony structures have commonly been 

attributed to differences in hormonal balance. The action of hormones during puberty in 

particular has been considered important for the expression of this difference, e.g. in average 

adult body height. On the other hand, it has been assumed since the 1960’s, based mainly on 

observations of the heights of individuals with various sex chromosome anomalies, that 

human X and Y chromosomes contain genes (determinants) that influence final body height
1,2 

and quite recent results suggest that deletions encompassing a novel homeobox gene within 

pseudoautosomal regions of the X and Y chromosomes cause growth failure in idiopathic 

short stature and Turner (45,X females, females with one X chromosome) syndrome
3
. 

Investigations of skeletal development in Klinefelter (47,XXY males, male with an extra X 

chromosome) and Turner syndrome patients have indicated that the Y chromosome may 

possess genes that cause a retardation of skeletal maturation
4
, and X linkage has been 

suggested for the rate and timing of ossification
5
. Interestingly enough, dermatoglyphic 

investigations have also indicated that sex chromosomes influence finger tip pattern size and 

the development of the palmar patterns of loops and triradii
6,7

, and it has been postulated that 

the Y chromosome regulates the rate and extent of growth of the primitive gonad
8
, pointing to 

a more general regulatory role for this chromosome. It has been proposed that differential 

ontogenesis of the sexes may depend entirely on a regulatory effect of the Y chromosome
9
.  

 

Tooth crown size 

Human dental development begins with the formation of the deciduous incisors at about four 

weeks in utero, followed by that of the other deciduous and permanent teeth, each of which 

passes through a series of well-defined developmental stages. All the tooth crowns apart from 

those of the third permanent molars, have reached their final size and shape between the ages 
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of two months and eight years, and consequently sexual dimorphism in average crown size, 

males having larger teeth than females, is expressed at early and somewhat different stages of 

development. Based on correlative dental studies on normal relatives, X chromosome linkage 

was proposed for permanent tooth crown size and dental development
5,10,11

.  It was also 

concluded that the Y chromosome apparently affects tooth crown growth, and that its effect 

differs from that of the X chromosome, so that the sexual dimorphism observed in average 

tooth crown size is connected with the influence of the Y chromosome
11

.  

Measurements of total tooth crown sizes in dental casts from individuals with various sex 

chromosome anomalies have shown that the permanent and deciduous teeth of 47,XYY 

males (male with an extra Y chromosome) and permanent teeth of 47,XXY males(male with 

an extra X chromosome)
 
are generally larger than those of normal 46,XY males

12,13,14,15,16
, 

while permanent and deciduous teeth of 45,X females and permanent teeth of 45,X/46,XX 

females (female with one X and normal XX cell lines) and 46, Xi(Xq) females (female with 

one normal X and one isochromosome with the long arm duplicated) are smaller than those 

of normal 46,XX females
17,18,19,20,21,22

. Females with the complete form of testicular 

feminizing syndrome or 46,XY females, who are insensitive to androgens, have teeth of 

similar sizes to those of normal males
23

. These results have given proofs for growth 

promoting effects of the X and Y chromosome genes on tooth crown size, and that these 

chromosomes operate early and apparently in a continuous manner during dental 

development. The location of the growth promoting region within the X chromosome is 

probably in the short arm
22

, while that in the Y chromosome may be on the proximal, non-

fluorescent portion of the long arm
24

. As regards the timing of dental development in these 

individuals, the present knowledge is limited to Turner females, in whom permanent tooth 

eruption and maturation
17,25,26

 is definitely advanced compared to normal females. 
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Tooth crown structure  

The distance across the dentino-enamel junctions is determined at an early stage of tooth 

crown development, at the time when amelogenesis or enamel formation is beginning, and 

the mitotic activity of the cells of the inner enamel epithelium is the decisive factor in 

determining of this distance
27

. Enamel thickness provides a measure of the secretory activity 

of postmitotic, highly differentiated ameloblasts whereas dentin thickness reflects growth due 

to mitotic activity in the developing tooth germs. Measurements of enamel and dentin 

thickness on radiographs of maxillary permanent incisors, canines and molars in normal 

females and males and in 45,X, 45,X/46,XX and 47,XXX females (female with an extra X 

chromosome) and 47,XYY and 47,XXY males and in 46,XY females have demonstrated that 

the Y chromosome influences dental growth by promoting both amelogenesis or the growth 

of enamel and dentinogenesis or the growth of dentin
28,29,30,31,32,33

. It is conceivable that the 

mitotic potential is increased in the presence of the Y chromosome, which leads to an 

increase in cell division at various stages of development
29,31

. The results have further shown 

that the X chromosome exerts its influence on crown enamel deposition or it contains enamel 

gene, but it has little or no influence on the growth of crown dentin. It has become obvious 

that the enamel genes, conceivably structural by their function, in both the X chromosomes of 

normal females and in all three of those of 47,XXX females are active, possibly continuously 

so but without doubt intermittently. The effect of the X chromosome on metric enamel 

growth is of similar class of magnitude as that of the Y chromosome although there is a trend 

for the greater expression of the X chromosome influence. It has been known from pedigree 

studies that in addition to the various forms of autosomally inherited amelogenesis imperfecta 

or heritable defective development of tooth enamel, one hypoplasia type of this defect also 
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shows X-linked dominant inheritance. Therefore, the finding of the presence of the enamel 

gene on the X chromosome was not necessarily unexpected
29

 (Figs. 1,2,3,4). Until lately, 

there have not been any pedigree e.g. in the form of Y-linked amelogenesis imperfecta, or 

other indications of the presence of specific enamel genes on the Y chromosome. This, 

among other things, has been considered suggestive of the regulative nature of the tooth 

growth genes of the Y chromosome at least with respect to enamel formation
28

. It is therefore 

of interest that molecular studies have shown that the gene loci for human amelogenin, which 

is the main protein component of the organic matrix in enamel, are on both the X and Y 

chromosomes
34,35,36

. The amino acid sequences of these X and Y amelogenin genes seem to 

differ to some extent, however, and the transcriptional products of the X and Y chromosomes 

are both quantitatively and qualitatively different. The Y chromosome locus encodes a 

functional protein even though its level of expression is only 10% of that of the locus on the 

X chromosome
36

. These genes are located on the distal short arm of the X chromosome, and 

possibly in the proximal long arm region of the Y chromosome
34

. The short arm of the Y 

chromosome has also been suggested as a possible location for the amelogenin gene
35,36

. As 

also against these molecular results, it is of ultimate interest that in the refereed X-linked 

amelogenesis imperfecta enamel in males’ teeth is extremely thin and smooth whereas in 

females’ teeth enamel is almost of normal thickness with defective vertical ridging. 

 

Tooth root size 

Permanent tooth root lengths, measured on radiographs, in 47,XYY and 47,XXY males were 

longer than in normal men and women, while the roots in the 45,X/46,XX females were 

shorter, respectively.  Root lengths of the 46,XY females were similar to those for normal 

men.  The root lengths of the canines, maxillary central incisors, and mandibular lateral 

incisors clearly differed between the normal men, women and 45,X/46,XX females, the men 
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having the longest roots, the mosaic females the shortest and the normal women lying 

between them.  The root length in all the teeth measured differed between the mosaics, 

45,X/46,XX females and the trisomies 47,XXY and 47,XYY males
37,38,39,40,41

. Permanent 

tooth root lengths in 45,X and 46,Xi (Xq) females have also been reported being shorter than 

in normal women
17,42

.  It appeared that the X chromosome had a definite effect on root dentin 

growth which is in contrast to its effect on crown dentin growth. 

 

The root lengths in the population control men were longer than those in the population 

control women
37

, as also observed previously on the measurements of natural teeth
43

.  The 

mean difference between the sexes was five percent
37

, which is similar with the six percent 

reported by Garn et al. in mandibular canines, premolars and molars
44

.  As an entire the 

refereed studies above by Lähdesmäki and Alvesalo indicate that the promoting effect of the 

Y chromosome on growth in root length is greater than that of the X chromosome, which 

may lead to the expression of sexual dimorphism in root size.  It was suggested that the X and 

Y chromosome genes affecting crown growth are also expressed in the following root dentin 

growth. 

 

Tooth crown shape 

The crown morphology in 47,XYY males is changed in that the degree of shovelling of the 

maxillary permanent lateral incisors is bigger and the palatal fossa is deeper than in their 

relatives, while the lateral incisors of 45,X females are less shovel-shaped than in normal 

women and the central incisors have a shallower fossa in addition to the tendency towards 

less cusps in the molars and simplified tooth crown shape
45,46,47

. Midtbø and Halse found an 

altered mamelon pattern in Turner women, especially in the incisal edge of the maxillary 

lateral incisors, together with atypical mesiobuccal cusps and nippled cusp tips of the 
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maxillary canines and premolars, whereas the Carabelli trait in the maxillary first molars was 

found far less often than in a normal Finnish population
47,48,49

. Sex chromosomes have an 

effect mainly on the cusp basal area rather than cusp height.  The cusp basal area is smallest 

in 45,X females, with the sharpest cusps, becomes larger in normal women and men, and is 

even larger in 47,XYY males, who have the bluntest cusp form
50

.   

 

It became clear that the sex chromosomes have a definite affect on cusp shape and size in all 

three dimensions but may not influence the developing cusps and teeth equally, possibly due 

to the varying contribution of enamel and dentin to the different measures
50,51

.   

 

Cephalometric craniofacial pattern 

The results in 45,X females showed that they have marked changes in relatively few 

craniofacial areas.  Most of the changes are located in the cranial base, so that the face is 

retrognathic.  The mandible is short, whereas the maxilla is of normal length.  These results 

support the view that the morphology of the cranial base is markedly affected in 45,X 

females, whereas most other craniofacial changes could be considered secondary to the 

cranial base abnormality.  It is suggested that retarded cartilage growth may be a factor 

leading to the present findings
52

. 

 

Also, the reduction of sex chromosome genetic material in 45,X/46,XX or mosaic Turner 

females results in the reduction of craniofacial dimensions, affecting dimensional ratios and 

especially plane angles of the cranial base
53

. 

 

In 47,XXX females, or females with an extra X chromosome, lengths of the anterior and 

posterior cranial bases, the calvarium, mandibular ramus and posterior and upper anterior 
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face heights were found to be significantly shorter than in female controls.  The angles 

between the foraminal and clival planes, the mandibular plane and cranial base, the maxillary 

and occlusal planes, the maxillary and mandibular planes and the foraminal and mandibular 

planes, and also the gonial angle, were significantly enlarged
54

. 

 

Compared with female relatives, the 47,XXY males were larger in almost all craniofacial 

linear dimensions, but were similar in facial shape apart from greater mandibular 

prognathism.  Mandibular dimensions in particular differed between the Klinefelter and 

unaffected males, the corpus length being larger, the ramus shorter and the gonial angle more 

obtuse in the 47,XXY group.  Their craniofacial size with the majority of the mean values fell 

between those of males and females.  The prominent facial profile, most marked in the 

mandible, was a dominant feature of the Klinefelter subjects who also displayed a more acute 

median cranial base angle than each control group.  Generally, Klinefelter morphology was 

marked by greater variability or patterning of the craniofacial structures compared with 

relatives, possibly due to decreased developmental canalization. It is proposed that the 

47,XXY complex may affect endochondral growth in the cranial base, as well as having a 

direct influence on jaw growth
55

. 

 

The supernumerary Y chromosome in 47,XYY males results in larger craniofacial 

dimensions than in normal males, without substantial effects on dimensional ratios and plane 

angles.  This general metric pattern is similar to that observed in relation to many adult body 

and head dimensions as well as dental arches and tooth crowns.  The foramen magnum in 

47,XYY males was found to be smaller in the sagittal plane than that in normal males and 

females
56

. 
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The findings of reduced linear measurements in 47,XXX females, together with the results of 

studies on the craniofacial complex of 47,XXY and 47,XYY males, suggest that dimensional 

variation between these groups results from the promoting effect of an extra Y chromosome 

and the retarding effect of an extra X chromosome on craniofacial growth
53,54,55,56

. 

 

Occlusal morphology 

Turner patients or females with X chromosome anomalies such as 45,X; 45,X/46,XX and 

46,Xi(Xq) females have an increase in class II malocclusions, lateral crossbites and anterior 

open bite
57,58,59,60

.  Studies of occlusion in 47,XXY men showed that mesial molar occlusion 

was a relatively frequent anomaly, and that incisal open bite was also more common than in 

controls
60

.  The 47,XYY men, like 47,XXY men, tended to have a mesial molar occlusion 

and a mandibular overjet more often than did other groups
61

, while 45,X women clearly had 

the highest frequency of distal occlusion and large overjet.  The 47,XXY men has the highest 

frequency of most typical occlusal anomalies. 

 

Palatal morphology 

There are a few reports of a high palate in Turner individuals, i.e. in women with one X 

chromosome (45,X women), but a normal palatal height but decreased width, with lateral 

palatine ridges commonly present, has also been reported
62,63

.   

 

47,XXY males or men with one extra X chromosome show a tendency to have a shallower 

but longer palate than normal men.  Their palate is also narrow.  The mandible is clearly 

narrower but sagittally longer compared with the mandibles of normal men.  The results 

indicate that the presence of one extra X chromosome in 47,XXY men is reflected in 

decreased growth of the maxilla transversely and vertically and of the mandible transversely.  
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Increased length of the alveolar arches might be partly a compensation for the decreased 

width of the alveolar arch.  This change might be associated with larger tooth size in 47,XXY 

men
62

.   

 

An extra Y chromosome in 47,XYY men caused an increase in palatal growth transversely 

and anteroposteriorly and in mandible arch length anterposteriorly compared to normal men.  

Palatal height and mandibular width were smaller with this chromosome pattern. The 

findings in 47,XYY men are in accordance with the earlier observations that the palate 

becomes shallower with the addition of a sex chromosome.  It is also apparent that the 

influence of X and Y chromosomes differs, at least regarding the magnitude of metric 

changes
62

. In general, increase in the number of sex chromosomes is associated with changes 

in palatal and mandibular arch dimensions. 

 

Torus Mandibularis 

Ninety-three Finnish females with 45,X chromosome constitution were examined to 

determine the frequency and expression of torus mandibularis, a bony exostosis on the lingual 

surface of the mandibular corpus.  The results indicate that among adults the frequency of the 

trait was significantly lower and the expression weaker in the 45,X females than in male 

control relatives. A similar trend was observed in comparison to normal female relatives. The 

findings suggest that the sex chromosomes may have an influence on the occurrence, 

expression, and timing of the development of mandibular torus. Sexual dimorphism in the 

manifestation of torus mandibularis as observed e.g. in Hailuoto population
64

, may result 

particularly from the effect of the Y chromosome on growth
65

. The early growth of tori in the 

45,X females seems to be in pace with the advanced dental development rather than with the 

growth of facial or postcranial skeleton
65,17,66,4

. 
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The expression of sexual dimorphism  

Sex influenced inheritance or sex control in genetic texts traditionally refers to the more 

frequent expression of autosomal genes in one sex than in the other for some unknown reason 

although hormonal influence has been considered important in this respect. Missing and 

supernumerary teeth, which are mostly familial features, and which according to available 

knowledge also show dominant autosomal transmission, are dental examples of this 

phenomenon. Supernumerary permanent teeth are approximately twice as common in normal 

males as in normal females, while ordinary teeth are missing more frequently in females than 

in males.  

It was suggested that these differences are explained by differential effects of the X and Y 

chromosomes on dental growth, particularly by the effect of the Y chromosome in increasing 

mitotic activity within the developing dental lamina, from which the teeth germinate
28,67

. 

These effects can also explain other sexual differences in human dentition. Among others, 

sexual dimorphism in average permanent tooth crown size, which is decisively due to dentin 

thickness
29,68

 and tooth root dentin size
37

, in tooth crown morphology, where even the shape 

of the male tooth cusp seems to differ from that of females
50

, and in the developmental timing 

of the permanent teeth, where an increase in total tooth substance in males may relate to 

retardation of their dental development relative to females
11,67

 (Fig. 5).  

Assuming genetic pleiotropy, that the effects of the X and Y chromosomes on cell secretory 

function and proliferation are not limited to the teeth, sexual dimorphism in such matters as, 

torus mandibularis
64,65

, skeletal maturation
11,33

 and statural growth are also explained by their 

differential action. The sex ratio (the ratio of the number of males to that of females) at birth 

as well as in the earlier stages of development may also relate to increased mitotic potential 
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due to the Y chromosome
29,67

, (Fig. 5). There is a significant change in the sex ratio with 

increasing duration of pregnancy. For example, in a Finnish study of 551 conceptuses from 

induced abortions, the embryonic sex ratio was as high as 164 and the foetal ratio 111, while 

the mean sex ratio at birth in Finland was 105
69

. It seems that the 46,XY chromosome 

complement makes for a better start than the 46,XX constitution
67

. 

 

Prospect  

A number of questions arise regarding the manner and extent of the influence of the Y 

chromosome tooth growth gene(s). Among others, does the increase in mitotic potential due 

to the Y chromosome promote the penetrance of normal genes or inhibit that of defective 

genes involved in dental development, e.g. leading to sexual dimorphism in the number of the 

teeth? Does the Y chromosome wake up “sleeping” genes, and thereby in males leads to the 

greater expression of atavistic feature of our dentition in the form of supernumerary teeth? Is 

the Y chromosome involved in the mineralization process? Are enamel and dentin growth 

regulated by the same tooth growth gene within the Y chromosome? What is the role of the Y 

chromosome in uncontrolled growth? Answers to some of the questions may lie in the 

analyses of deciduous and permanent teeth that I have received from individuals with various 

sex chromosome anomalies and their first-degree female and male relatives. 

 

Acknowledgements  

The Finnish research (Kvantti Project) has been supported by the Emil Aaltonen Foundation, 

the Hailuoto District Council, the University of Turku Foundation, the Finnish Dental Society 

and the Academy of Finland.  



- 14 - 
 

References  

1. Ferguson-Smith MA. Karyotype-phenotype correlations in gonadal dysgenesis and their 

bearing on the pathogenesis of malformations. J Med Genet 1965;2:142-155. 

2. Simpson JL. Disorders of sexual differentation. London: Academic Press, 1976. p. 152- 

155, 292-293.  

3. Rao E, Weiss B, Fukami M, Rump A, Niesler B, Mertz A, et al. Pseudoautosomal 

deletions encompassing a novel homeobox gene cause growth failure in idiopathic short 

stature and Turner syndrome. Nature Genetics 1997;16:54-63. 

4. Tanner JM, Prader A, Habich H, Ferguson-Smith MA. Genes on the Y chromosome 

influencing rate of maturation in man. Lancet 1959;2:141-144.  

5. Garn SM, Rohmann CG. X-linked inheritance of developmental timing in man. Nature 

1962;196:695-696. 

6. Penrose LS. Medical significance of finger-prints and related phenomena. Brit Med J 

1968;2:321-325. 

7. Polani P, Polani N. Dermatoglyphics in the testicular feminization syndrome. Ann Hum 

Biol 1979;6:417-430. 

8. Mittwoch U. Males, females and hermaphrodites. Ann Hum Genet 1985;50:103-121. 

9. Ounsted C, Taylor DC. The Y chromosome message: a point of view. In: Ounsted C, 

Taylor DC, eds. Gender differences, Their Ontogeny and Significance. Edinburgh: 

Churchill Livingstone, 1972. p. 241-262. 

10. Garn SM, Lewis AB, Kerewsky, R. X-linked inheritance of tooth size. J Dent Res 

1965;44:439-441. 

11. Alvesalo L. The influence of sex-chromosome genes on tooth size in man. Proc Finn 

Dent Soc 1971;67:3-54. 



- 15 - 
 

12. Alvesalo L, Osborne R, Kari M. 47,XYY males, Y-chromosome and tooth size. Am J 

Hum Genet 1975;27:53-61. 

13. Alvesalo L, Kari M. Sizes of deciduous teeth in 47,XYY males. Am J Hum Genet 

1977;29:486-489. 

14. Alvesalo L, Portin P. 47,XXY males: sex chromosomes and tooth size. Am J Hum Genet 

1980;32:955-959. 

15. Townsend G, Alvesalo L. Tooth size in 47,XYY males - evidence for a direct effect of 

the Y chromosome on growth. Aust Dent J 1985;30:268-272.  

16. Townsend GC, Alvesalo L. The size of permanent teeth in Klinefelter (47,XXY) 

syndrome in man. Archs Oral Biol 1985;30:83-84. 

17. Filipsson R, Lindsten J, Almquist S. Time of eruption of the permanent teeth, 

cephalometric and tooth measurement and sulphation factor activity in 45 patients with 

Turner’s syndrome with different types of X-chromosome aberration. Acta Endocrinol 

(Kbh) 1965;48:91-113. 

18. Kari M, Alvesalo L, Manninen K. Sizes of deciduous teeth in 45,X females. J Dent Res 

1980;59:1382-1385. 

19. Townsend GC, Jensen BL, Alvesalo L. Reduced tooth size in 45,X (Turner syndrome) 

females. Am J Phys Anthropol 1984;65:367-372. 

20. Mayhall JT, Alvesalo L. Dental morphology of 45,XO human females: Molar cusp area, 

volyme, shape and linear measurements. Archs Oral Biol 1992;37:1039-1043.  

21. Varrella J, Townsend GC, Alvesalo L. Tooth crown size in human females with 

45,X/46,XX chromosomes. Archs Oral Biol 1988;33(5):291-294. 

22. Mayhall JT, Alvesalo L, Townsend G. Tooth crown size in 46,Xi(Xq) human females. 

Archs Oral Biol 1991;36:411-414. 



- 16 - 
 

23. Alvesalo L, Varrela J. Permanent tooth sizes in 46,XY females. Am J Hum Genet 

1980;32:736-742. 

24. Alvesalo L, de la Chapelle A. Tooth sizes in two males with deletions of the long arm of 

the Y chromosome. Ann Hum Genet 1981;45: 49-54. 

25. Kari M, Alvesalo L. Dental maturity in 45,X females. J Dent Res 1985;64(Spec Iss) 

Abstract 1510. 

26. Midtbø M, Halse A. Skeletal maturity, dental maturity and eruption in young patients 

with Turner syndrome. Acta Odontol Scand 1992;50:303-312. 

27. Kraus BS, Jordan RE. The human dentition before birth. Philadelphia: Lea & Febiger, 

1965.  p.119-144. 

28. Alvesalo L. Dental growth in 47,XYY males and in conditions with other sex 

chromosome anomalies. In: Sandberg AA, ed. The Y Chromosome, Part B: Clinical 

Aspects of Y Chromosome Abnormalities. New York: Alan R. Liss Inc, 1985;6:277-300. 

29. Alvesalo L, Tammisalo E. Enamel thickness in 45,X females’ permanent teeth. Am J 

Hum Genet 1981;33:464-469. 

30. Zilberman V, Smith P, Alvesalo L. Crown components of mandibular molar teeth in 45,X 

females (Turner syndrome). Arch Oral Biol 2000;45:217-225. 

31. Alvesalo L, Tammisalo E, Therman E. 47,XXX females, sex chromosomes and tooth 

crown structure. Hum Genet 1987;77:345-348. 

32. Alvesalo L, Tammisalo E, Hakola P. Enamel thickness in 47,XYY males’ permanent 

teeth. Ann Hum Biol 1985;12:421-427. 

33. Alvesalo L, Tammisalo E, Townsend G. Upper central incisor and canine tooth crown 

size in 47,XXY males. J Dent Res 1991;70:1057-1060. 



- 17 - 
 

34. Lau EC, Mohandas TK, Shapiro LJ, Slavkin HC, Snead ML. Human and mouse 

amelogenin gene loci are on the sex chromosomes. Genomics 1989;4:162-168.  

35. Nakahori Y, Takenaka 0, Nakagome Y. A human X-Y homologous region encodes 

“amelogenin”. Genomics 1991;9:264-269. 

36. Salido EC, Yen PH, Koprivnikar K, Yu LC, Shapiro LJ. The human enamel protein gene 

amelogenin is expressed from both the X and the Y chromosomes. Am J Hum Genet 

1992;50:303-316. 

37. Lähdesmäki R, Alvesalo L. Root lengths in 47,XYY males permanent teeth. J Dent Res 

2004;83:771-775. 

38. Lähdesmäki R, Alvesalo L. Root growth in the teeth of 46,XY females. Arch Oral Biol 

2005;50:947-952. 

39. Lähdesmäki R. Sex chromosomes in human tooth root growth. Radiographic studies on 

47,XYY males, 46,XY females, 47,XXY males and 45,X/46,XX females. Thesis. Acta 

Univ Oulu 2006 D 885 

40. Lähdesmäki R, Alvesalo L. Root growth in the permanent teeth of 45,X/46,XX females. 

Euro J Orthod 2006;28:339-344. 

41. Lähdesmäki R, Alvesalo L. Root growth in the teeth of Klinefelter (47,XXY) men. Arch 

Oral Biol 2007;52:822-827. 

42. Midtbø M, Halse A. Root length, crown height, and root morphology in Turner 

syndrome. Acta Odontol Scand 1994;52(5):303-314. 

43. Selmer-Olsen R. An odontometrical study on the Norwegian Lapps. Thesis, University of 

Oslo, Norway 1949. 

44. Garn SM, Van Alstine WL Jr, Cole PE. Intraindividual root-length correlations. J Dent 

Res 1978;57:270. 



- 18 - 
 

45. Kirveskari P, Alvesalo L. Shovel shape of maxillary incisors in 47,XYY males. Proc 

Finn Dent Soc 1981;77(1-3):79-81. 

46. Kirveskari P, Alvesalo L. Dental morphology in Turner’s syndrome (45,X females). In 

Kurtén B, ed. Teeth: form, function and evolution New York: Columbia University Press, 

1982. p.298-303. 

47. Midtbø M, Halse A. Tooth crown size and morphology in Turner syndrome. Acta 

Odontol Scand 1994;50:303-312. 

48. Alvesalo L, Nuutila M, Portin P. The cusp of Carabelli.  Occurrence in first upper molars 

and evaluation of its heritability. Acta Odontol Scand 1975;33(4):191-197. 

49. Nakayama M, Lähdesmäki R, Kanazawa E, Alvesalo L. Analysis of Carabelli’s trait in 

maxillary second deciduous and permanent molars in 45,X and 45,X/46,XX females. In: 

Żądzińska E, ed. Current Trends in Dental Morphology Research. Łódź : University of 

Łódź Press, 2005. p. 325-331. 

50. Mayhall JT, Alvesalo L. The effects of the sex chromosomes on molar morphology. In: 

Moggi-Cecchi J, ed. Aspects of Dental Biology: Paleontology, Anthropology and 

Evolution. Florence: International Institute for the Study of Man, 1995. p. 69-75 

51. Mayhall JT, Alvesalo L, Townsend G. Dental morphology of 47,XYY males: Molar cusp 

area, volume, shape and linear dimensions. University of Oregon Anthropological papers 

1998;54:29-39. 

52. Peltomäki T, Alvesalo L, Isotupa K. Shape of the craniofacial complex in 45,X females: 

cephalometric study. J Craniofac Genet Dec Biol 1989;9(4):331-338. 

53. Grön M. Effect of human X and Y chromosomes on oral and craniofacial morphology. 

Studies of 46,XY females, 47,XYY males and 45,X/46,XX females. Thesis. Acta Univ 

Oulu 1999 D 546 



- 19 - 
 

54. Krusinskiene V, Alvesalo L, Sidlauskas A. The craniofacial complex in 47,XXX females. 

Eur J Orthod 2005;27:396-401. 

55. Brown T, Alvesalo L, Townsend GC. Craniofacial patterning in Klinefelter (47,XXY) 

adults. Eur J Orthod 1993;15(3):185-194. 

56. Grön M, Pietilä K, Alvesalo L. The craniofacial complex in 47,XYY males. Arch Oral 

Biol 1997;42(8):579-586. 

57. Laine T, Alvesalo L, Savolainen A, Lammi S. Occlusal morphology in 45,X females. J 

Craniofac Genet Dev Biol 1986;6(4):351-355. 

58. Harju M, Laine T, Alvesalo L. Occlusal anomalies in 45,X/46,XX and 46Xi(Xq) women 

(Turner syndrome). Scan J Dent Res 1989;97(5):387-391. 

59. Midtbø M, Halse A. Occlusal morphology in Turner syndrome. Eur J Orthod 

1996;18(2):103-109. 

60. Alvesalo L, Laine T. Occlusion in 47,XXY (Klinefelter syndrome) men. Am J Phys 

Anthrop 1992;87:161-165. 

61. Laine T, Alvesalo L, Lammi S. A study in 47,XYY men of the expression of sex-

chromosome anomalies in dental occlusion. Arch Oral Biol 1992;37(11):923-928. 

62. Laine T, Alvesalo L. Palatal and mandibular arch morphology in 47,XYY men and in 

other sex-chromosome anomalies. Arch Oral Biol 1993;38(2):101-105. 

63. Perkiömäki, MR, Alvesalo L. Palatine ridges and tongue position in Turner syndrome 

subjects. Eur J Orthod 2007;118:1-6. 

64. Alvesalo L, Kari M. Hailuodon hampaistotutkimus. V. Torus mandibularis: esiintyminen 

ja periytymiseen liittyviä näkökohtia. (A dental field investigation in Hailuoto. V. Torus 

mandibularis: incidence and some viewpoints connected with inheritance). Proc Finn 

Dent Soc 1972;68:307-314. 



- 20 - 
 

65. Alvesalo L, Mayhall JT, Varrela J. Torus mandibularis in 45,X females (Turner 

Syndrome). Am J Phys Anthropol 1996;101:145-149. 

66. Park E, Bailey JD, Cowell CA. Growth and maturation in patients with Turner syndrome. 

Pediatr. Res 1983;17:1-7. 

67. Alvesalo L. Sex chromosomes and human growth. A dental approach. Hum Genet 

1997;101(1):1-5. 

68. Harris EF, Hicks JD. A radiographic assessment of enamel thickness in human maxillary 

incisors. Arch Oral Biol 1998;43(10):825-831. 

69. Kellokumpu-Lehtinen P, Pelliniemi LJ. Sex ratio of human conceptuses. Obstetrics & 

Gynecology 1984;64:220-222. 

 

 

 

 

 

 

 



- 21 - 
 

FIGURES and LEGENDS  

 

Fig. 1. Mean enamel thickness (mesial enamel layer plus distal enamel layer) of the maxillary 

permanent central incisors of normal 46,XX females
29

, normal 46,XY males
29

 and individuals 

with various sex chromosome anomalies, including 45,X
29

 and 47,XXX
31

 females and 

47,XXY
33

 and 47,XYY
32

 males. Enamel thicknesses were determined from standardized 

intra-oral radiographs. P-value <0.000 1 in one-way analysis of variance. 45,X female; 

female with one X chromosome, 47,XXX female; female with an extra X chromosome, 

47,XXY male; male with an extra X chromosome, 47,XYY male; male with an extra Y 

chromosome.  
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Fig. 2. Mean dentin thickness (maximum mesio-distal dimension of tooth crown minus 

enamel layers) of the maxillary permanent central incisors of normal 46,XX females
29

, 

normal 46,XY males
29

 and individuals with various sex chromosome anomalies, including 

45,X
29

 and 47,XXX
31

 females and 47,XXY
33

 and 47,XYY
32 

 males. Determinations were 

made from standardized intra-oral radiographs. P-value <0.000 1 in one-way analysis of 

variance. 45,X female; female with one X chromosome, 47,XXX female; female with an 

extra X chromosome, 47,XXY male; male with an extra X chromosome, 47,XYY male; male 

with an extra Y chromosome.  
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Fig. 3. Mean enamel thickness (mesial enamel layer plus distal enamel layer) of the maxillary 

permanent canines of normal 46,XX females
29

, normal 46,XY males
29

 and individuals with 

various sex chromosome anomalies, including 45,X
29 

and 47,XXX
31

 females and 47,XXY
33

 

and 47,XYY
32

 males. Enamel thicknesses were determined from standardized intra-oral 

radiographs. P-value <0.000 1 in one-way analysis of variance. 45,X female; female with one 

X chromosome, 47,XXX female; female with an extra X chromosome, 47,XXY male; male 

with an extra X chromosome, 47,XYY male; male with an extra Y chromosome.  
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Fig. 4. Mean dentin thickness (maximum mesio-distal dimension of tooth crown minus 

enamel layers) of the maxillary permanent canines of normal 46,XX females
29

, normal 

46,XY males
29

 and individuals with various sex chromosome anomalies, including 45,X
29

 

and 47,XXX
31

 females and 47,XXY
33

 and 47,XYY
32

 males. Determinations were made from 

standardized intra-oral radiographs. P-value <0.000 1 in one-way analysis of variance.  

45,X female; female with one X chromosome, 47,XXX female; female with an extra X 

chromosome, 47,XXY male; male with an extra X chromosome, 47,XYY male; male with an 

extra Y chromosome.  
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Fig. 5. A schematic model describing differential effects of the human X and Y chromosomes 

on tooth crown growth and resulting expression in somatic sexual dimorphism. An 

assumption of genetic pleiotropy of these effects is made as regards torus mandibularis, 

statural growth, skeletal maturation and sex ratio. 

Figures 1 – 5 published in Hum Genet 1997, 101(1): 1-5 

 


