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A major problem for patients with Turner syndrome is their small body height. The rapid 
biotechnologic development has now made treatment with growth hormone possible at a 
larger scale. The aim of this investigation was to evaluate skeletal maturity, dental maturity, 
and eruption in a group of young patients before hormone therapy. The material comprised 
33 patients aged 7-16.7 years. The skeletal maturity, as judged from hand radiographs, was 
on an average 2.3 years retarded ( p  < 0.001) and showed increasing retardation with increasing 
age. The dental maturity, assessed from the formation stages of the permanent teeth on 
panoramic radiographs, was accelerated, with a mean value of 1 year ( p  < 0,001). The timing 
of clinical eruption did not differ significantly from that of our reference material; the Turner 
girls were on an average 3.7 months ahead. Several patients had local eruption problems, 
especially in the maxillary lateral segments. It is suggested that disharmony between tooth 
size and arch size may contribute to this problem. 0 Age determination by teeth; age deter- 
mination by skeleton; tooth eruption; X-chromosome 
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In 1938 Turner (1) described seven pheno- 
typic females who had dwarfism, sexual 
infantilism, webbing of the neck, and cubitus 
valgus. No obvious cause of the disturbance 
was observed. The etiology was disclosed 
by Ford et al. (2), who reported that the 
karyotype in a 14-year-old phenotypic 
female with this syndrome was 45X. The 
partial or total absence of a second sex chro- 
mosome (X chromosome monosomy) is at 
present considered to be characterized by 
four cardinal features: 1) female phenotype; 
2) short stature; 3) sexual infantilism owing 
to rudimentary gonads; and 4) various 
somatic abnormalities. Any of these features 
may be modified by the degree of sex chro- 
mosome deficiency. It is therefore useful to 
consider this syndrome of gonadal dys- 
genesis and its variants as a continuum of 
clinical features ranging from those of the 
typical 45X phenotype to a normal indi- 
vidual. 

Among the somatic abnormalities are 
delayed skeletal maturity and deviations in 
skeletal morphology, especially prevalent in 
the hands, arms, legs, and neck but also seen 

in the jaws and in the basal areas of the skull 
(3-5). The anterioposterior dimension of the 
alveolar arch of the mandible is less than in 
normal girls (3). Laine & Alvesalo (6) have 
reported that the alveolar arch of the man- 
dible is broader and shorter, both absolutely 
and especially in relation to the maxilla, 
where the most predominant finding is a 
narrow arch (3,7). 

The first extensive dental examination of 
Turner patients was performed by Filipsson 
et al. (8), who reported a tendency for early 
eruption of the teeth. This has later been 
verified by Lindsten et al. (9) and Ogiuchi et 
al. (10). Kari & Alvesalo (11) evaluated both 
the development and eruption of the per- 
manent teeth and found that the 45X girls 
were clearly earlier than the normal control 
girls. 

The rapid biotechnologic development has 
now made possible the production of growth 
hormone on a larger scale and at a more 
reasonable price. The immunologic aspects 
of treatment with growth hormone are also 
less problematic than earlier. The Depart- 
ment of Paediatrics, University of Bergen, 
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has started hormone treatment of a group 
of young Turner patients. Since a series of 
biologic variables are affected in such 
patients, and treatment may be conceived to 
influence these in various manners, a tho- 
rough supervision of the patients through the 
treatment period is desirable. The present 
paper evaluates the skeletal maturity, the 
state of tooth eruption, and tooth devel- 
opment at the start of the treatment with 
growth hormone and estrogen. 

Materials and methods 
This investigation is part of a systematic 
study of Turner patients whose intention is 
to evaluate growth and development before, 
during, and after therapy with growth 
hormone and estrogen. The karyotyping, the 
hormone therapy, and the study of general 
variables are performed by the Department 
of Paediatrics, University of Bergen. 

The present material consisted of 33 
patients, aged 7-16.7 years (Table 1) and 
living in different parts of Norway. Their 
karyotypes were 45X (n  = 23), 45X/46XX 
(n = 3), 46X,i(Xq) (n  = 3 ) ,  45X/46X,r(Xq) 
(n = l), 45X/46X,i(Xq) ( n  = l ) ,  and 45X/ 
46XY ( n  = 1). One patient was not karyo- 
typed. Before the start of hormone treat- 
ment the following recordings were made 
at the Departments of Oral Radiology and 
Orthodontics, School of Dentistry, Uni- 
versity of Bergen: 1) Five intraoral photo- 
graphs: one frontal view, occlusal views of 
the mandibular and maxillary arches, and 
lateral views of the right and left side in 
habitual occlusion; 2) Plaster models; 3) 
Radiograph of the left hand; 4) Orthopan- 

Table 1. Turner patients distributed by age 

Age No. of 
(years) patients 

7.1-9 
9.1-11 

11.1-13 
13.1-15 
15.1-17 
Total 33 

tomogram; and 5 )  A full series of iintra- 
oral radiographs. 

Skeletal maturity 
The skeletal maturity was assessed inde- 

pendently by three examiners. Radiographs 
of the left hand were compared with the 
standard of Greulich & Pyle (12), and the 
majority decision was used. In accordance 
with the standard both the skeletal age and 
the chronologic age were given in years and 
months. Subsequently, the values were con- 
verted into years with two decimals. The 
assessments of the three examiners were 
identical in 24 patients. In six patients there 
was agreement between two of the ob- 
servers. Disagreement never exceeded 1 
year. The assessment of three patient., ‘3 was 
difficult, mainly owing to malformations. 
In these patients the examiners together 
decided the skeletal age. 

Dental maturity 
The maturity registration was done om the 

orthopantomograms. The seven left man- 
dibular teeth were rated on an eight-stage 
scale by the method of Demirjian et al. (13). 
One patient had hypodontia of the second 
molar on the left side, and the corresponding 
tooth on the opposite side was classified. 
One patient had no orthopantomogram, and 
the periapical pictures were used. Each of 
the assessed maturity stages was given a cer- 
tain score. The sum of the scores for each 
individual was converted into a dental age, 
expressed in years in accordance with the 
instructions given by Demirjian & Goldstein 
(14) and using magnified photographs of the 
median curves. In the classification 0.1-year 
steps were used. The scoring was done by 
three observers, and the majority decision 
was used. At least two of the examiners 
agreed on every assessment. Disagreement 
never exceeded one maturity stage. In 95% 
of the assessments the ratings were identical. 
As reference material the French-Canadian 
sample of normal girls presented by Dernir- 
jian & Goldstein (14) was used. 

Clinical eruption 
A tooth was considered erupted when a 
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part of it had pierced the oral mucosa. The 
registration of clinical eruption was done 
separately on models and on intraoral slides 
and was performed by two observers. The 
results for the two methods of registration 
and by both observers were identical for all 
the patients. The number of erupted teeth 
was converted into a dental age expressed in 
years in accordance with the method of Hagg 
& Taranger (15), whose material was also 
used as a reference standard. The dental 
development of our sample can be expressed 
as the difference between dental age and 
chronologic age. The information can also 
be presented in terms of standard deviation 
scores, relating the dental development to a 
frequency distribution characterizing a nor- 
mal sample. Both these methods were used. 

Local eruption disturbances were also re- 
corded. 
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significantly retarded ( p  < 0.001, paired t 
test) according to the American standard of 
Greulich & Pyle (12). The mean retardation 
for the whole group of Turner patients was 
2.30 years; the minimum was 0.17 years, and 
the maximum retardation 4.17 years. The 
minimum and maximum retardations were 
found in the youngest and oldest girl, 
respectively (7 and 16.67 years old). Vir- 
tually all the patients had retarded skeletal 
development. The results are illustrated in 
Fig. 1. No significant differences were found 
between the 45X patients (n = 23) and the 
nine patients with mosaics and isochro- 
mosome karyotypes. 

Statistics 
The difference between skeletal age on 

the basis of hand radiographs and chrono- 
logic age was compared statistically by means 
of Student’s paired t test. 

The difference between dental age on the 
basis of maturity scores and chronologic age 
was also tested by Student’s paired t test. 
Three patients were not included in the cal- 
culation because their chronologic age 
exceeded the age at which all teeth have 
normally completed root development. The 
difference between dental age on the basis 
of tooth counts and chronologic age was 
compared statistically by means of Wilcoxon 
sign rank test. Sixteen patients were not 
included. The Mann-Whitney test was used 
to test the differences in skeletal and dental 
maturity between the 45X karyotypes (n = 
23) and the nine patients with mosaics and 
isochromosome karyotypes. One patient 
with unknown karyotype was not included. 

All statistical evaluations were performed 
by means of a computer program (16). 

Results 
Skeletal maturity 

Dental maturity 
The difference between chronologic and 

dental age are given in Table 2. The mean 
difference was 1 year ( p  < 0.001, paired t 
test), which means that the dental maturity 
of the Turner patients was 1 year advanced 
compared with the French-Canadian ref- 
erence material of Demirjian & Goldstein 

The maximum acceleration was 3.5 years 
(14). 

Skeletal 
age 

7 8 9 10 11 12 13 14 15 16 17 

Chronologic age 

Fig. 1. Skeletal maturity of young patients with Turner 
The skeletal maturity was found to be syndrome. 
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Table 2. Comparison of chronologic and dental age on the basis of maturity scores 
in Turner patients aged 7-16.67 years. The mean difference, 0.99 years, is significant 
( p  < 0.001, paired t test) 

Patient Chronologic Maturity Dental 
no. age (years) scores age (years) Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

7.00 
8.08 
8.67 
8.75 
8.92 
9.42 
9.92 

10.00 
10.17 
10.33 
10.67 
10.92 
11.00 
11.17 
11.33 
11.50 
12.50 
12.75 
12.83 
12.83 
12.92 
13.08 
13.92 
14.08 
14.42 
14.42 
14.67 
15.08 
15.08 
15.25 
15.75 
15.83 
16.67 

82.1 
79.9 
78.4 
82.2 
97.3 
90.4 
96.8 
92.4 
90.7 
98.0 
97.7 
98.4 
96.8 
92.1 
95.1 
99.5 
97.7 

100.0 
100.0 
99.5 

100.0 
100.0 
100.0 
99.5 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
190.0 
100.0 

8.5 
8.3 
8.1 
8.5 

12.1 
9.8 

11.8 
10.2 
9.9 

12.7 
12.4 
13.0 
11.8 
10.2 
11.0 
15.0 
12.4 
15.5 
15.5 
15.0 
15.5 
15.5 
15.5 
15.0 
15.5 
15.5 
15.5 
15.5 
15.5 
15.5 
15.5 
15.5 
15.5 

1.50 
0.22 

-0.57 
-0.25 

3.18 
0.38 
1.88 
I .20 

-0.27 
2.37 
1.73 
2.08 
0.80 

-0.97 
-0.33 

3.50 
-0.10 

2.75 
2.67 
2.17 
2.58 
2.42 
1.58 
0.92 
1.08 
1.08 
0.83 
0.42 
0.42 
0.25 

Patients 31-33 were not included in the statistical calculation 

and occurred in an 11.5-year-old patient. 
Nine patients were more than 2.1 years 
advanced, and in addition, eight patients 
were 1-2 years ahead of the reference 
material. One patient was retarded about 1 
year in her dental development, and five 
other patients showed dental development 
retarded from 1 to 6 months. 

The dental maturity scores for the Turner 
patients plotted on the dental maturity per- 
centiles of the reference group are shown in 
Fig. 2. As illustrated, most of the patients 
had a dental maturity comparable with the 90 
and 97 percentiles of the reference material, 
and only one patient was situated on the 10 

percentile. No significant differences were 
found between the various karyotypes. 

Clinical eruption 
The number of erupted teeth and the den- 

tal age assessed from the state of eruption in 
the 17 patients aged 7-12.5 years are shown 
in Table 3. The mean difference between the 
dental age and the chronoiogic age was 3.7 
months ( p  > 0.05, Wilcoxon test). 'This 
means that the clinical eruption of the per- 
manent teeth in this sample was 3.7 months 
accelerated compared with normal girls in 
the Swedish reference group. 
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M a t u r i t y  
scores 

1oc 

90 

80 
Fig. 2. Dental maturity 
scores of Turner 
patients, plotted 
against dental maturity 

reference group of 
Demirjan & Goldstein 
(14). Patients 15.5 
vears or more are not 

percentiles of the 7c 

1 1 I 8 8 8 8 I a 
4 5 6 7 8 9 10 11 12 13 14 15 16 17 

included. Chronologic age 

The dental development of the patients, 
expressed as the difference between the den- 
tal age and the chronologic age, showed a 
wide range. The extremes were one girl of 
8.92 years who was 1.81 years accelerated 
and a girl aged 11.33 years showing 1.68 
years’ retardation compared with the nor- 
mal girls. 

The dental development of the Turner 
patients expressed in terms of standard devi- 
ation scores is shown in Fig. 3. Ten patients 
were about 1 SD accelerated and five were 
about -1 SD delayed compared with the 
reference standard (15). No significant dif- 
ferences were found between the various 
karyot ypes. 

Table 3. Number of erupted teeth and corresponding dental age in Turner patients 
aged 7-12.5 years 

Patient Chronologic Erupted Dental age 
Difference no. age (years) teeth (n)  (years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

7.00 
8.08 
8.67 
8.75 
8.92 
9.42 
9.92 

10.00 
10.17 
10.33 
10.67 
10.92 
11.00 
11.17 
11.33 
11.50 
12.50 

11 
10 
10 
12 
20 
17 
23 
20 
13 
24 
26 
27 
24 
15 
14 
26 
28 

7.89 
7.50 
7.50 
8.59 

10.73 
10.35 
11.27 
10.73 
9.33 

11.54 
12.08 
12.40 
11.54 
9.93 
9.65 

12.08 
12.50 

0.89 
-0.58 
-1.17 
-0.61 

1 .a1 
0.93 
1.35 
0.73 

-0.84 
1.21 
1.41 
1.48 
0.54 

-1.24 
-1.68 

1.41 
0.00 



ACTA ODONTOL SCAND 50 (1992) 308 M .  Midtb0 & A .  Hahe 

26 - 
24 - 
22 - 
20 

18 . 
16 - 
14 - 
12 

10 - 
a -  
6 -  

4 .  

Erupted 
teeth 

the crown was distally positioned and the 
root mesially. The direction of erupti'on of 
these teeth was so oblique that it seemed 
unlikely that they would erupt without inter- 
vention. 

- P S D  - I S D  + l S D  +2SD 
28 r 

Chronologic age 

Fig. 3. Number of erupted teeth in Turner patients aged 
7-12.5 years compared with the mean and standard 
deviation scores of the reference group of Hagg & 
Taranger (15). 

Local eruption deviations 
Several patients showed local eruption 

deviations. Since these were assumed to be 
associated with the syndrome, they will be 
reported in some detail. 

In one patient aged 12.8 years with karyo- 
type 46X,i(X,) all the permanent teeth 
were erupted except the maxillary second 
molars. These showed nearly full root de- 
velopment and were positioned with their 
crown against the distal root of the first molar 
and the root extending in a distal direction 
(Fig. 4A). The third molars were in the tuber 
region close to the apex of the root of the 
second molar. As illustrated, the second 
molar could not erupt without intervention. 

In another patient aged 9.9 years with 
karyotype 45X, 23 teeth were erupted. The 
maxillary second deciduous molars persisted 
and showed poor root resorption (Fig. 4B). 
Both the second premolars were in close 
contact with the root of the first premolar; 

In a third patient aged 11 years, karyiotype 
45X, all the permanent teeth were erupted 
except the second molars. The lower second 
molars seemed to erupt without problems. 
The second maxillary molars appeared to be 
retained near the cementoenamel junction 
of the first molar and to resorb its distal 
surface (Fig. 4C). 

In a fourth patient aged 10.3 years with 
karyotype 45X the first right maxillary molar 
was partly erupted and the second molar 
unerupted (Fig. 4D). The root development 
appeared nearly complete. There WiiS no 
obvious reason why the first molar did not 
erupt regularly. 

A fifth patient aged 13.1 years with k.aryo- 
type 45X showed all teeth erupted except 
the second maxillary premolar on the right 
and the second molar on the left side. The 
premolar had the typical appearance of 
retention due to lack of space, probably 
caused by early extraction of the deciduous 
molar. The second molar (Fig. 4E) seemed 
retained due to lack of space and close 
relation to the third molar. 

In a sixth patient aged 14.1 years with 
karyotype 45X all permanent teeth were 
erupted except the right maxillary second 
molar. This tooth showed a delayed' root 
development and was situated very close to 
the distal surface of the first molar (Fig. 4F). 

In a seventh patient, aged 8.9 years, 
karyotype 45X, who was severely affected 
by the syndrome also mentally, the right 
mandibular first molar was partly erupted. 
Radiographs showed the tooth mesially 
tipped with the crown towards the distal sur- 
face of the second deciduous molar and only 
the distal part of the occlusal surface piercing 
the mucosa. 

Discussion 
In the presently investigated group of Turner 
patients we observed delayed skeletal de- 
velopment, advanced dental development. 
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Fig. 4. Local eruption 
deviations in six Turner 
patients. In patients 
with bilateral problems 
only one side is 
illustrated. 

and a moderately advanced or normal dental 
eruption. 

The maturity stage of an individual can 
be expressed by means of several variables. 
Skeletal age expresses the biologic timing of 
the skeleton, most often visualized on a hand 
radiograph in which the maturity stages are 

connected to certain events of skeletal devel- 
opmental changes. The most commonly used 
variable for assessing dental maturity is den- 
tal eruption. It must, however, be empha- 
sued that tooth formation and eruption are 
essentially different processes, which can be 
differently influenced by genetic, environ- 
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mental, and hormonal factors (17). When 
studying tooth formation and eruption in 
Turner patients, the influence of such factors 
are to some extent unknown. This is one 
of the reasons we wanted to study dental 
formation and eruption separately. 

Hagg & Mattson (18) evaluated the pre- 
cision and accuracy of three methods for 
estimation of chronologic age on the basis of 
tooth formation. They found that the 
method of Demirjian et al. (13) was most 
reliable. A major disadvantage of all 
methods based on tooth formation is that 
they are most reliable for younger individ- 
uals. With increasing age the number of teeth 
under development decreases, and the rat- 
ings must be based mainly on root formation, 
which is a process of few ‘events’ and long 
duration. 

The accuracy and precision of assessing 
chronologic age by analysis of tooth emerg- 
ence were studied by Hagg & Hagg (19). 
They found that this method was better than 
the methods based on tooth formation. They 
also maintained that the method was 
especially useful in cross-sectional inves- 
tigations. 

The interrelation of various factors for 
skeletal, dental, and sexual maturity has 
been widely investigated in normal popu- 
lations. Generally, the correlation between 
dental maturity, on the one hand, and the 
skeletal and sexual maturity, on the other, 
has been shown to be low (20-24). In 
contrast, correlation between skeletal and 
sexual maturity is high (22,25). 

This indicates that the variables body 
height and skeletal and sexual maturity are 
regulated by the same factors, whereas den- 
tal development is regulated differently. In 
conditions with sex chromosome abberations 
these regular patterns are frequently dis- 
turbed. There are probably several reasons 
for such deviations. It is, however, possible 
that the lack of one X chromosome influ- 
ences the growth and its regulatory mech- 
anisms more directly (5,26,27). 

Delayed skeletal maturity, in this inves- 
tigation 2.3 years according to the American 
standard of Greulich & Pyle (12), has also 
been reported earlier. Jensen (3) found the 
skeletal maturity in a group of Danish Turner 
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girls to be 2 years delayed according to the 
same standard, whereas Webber et al. (4) 
reported a mean delay of 2.5 years, and 
Ogiuchi et al. (10) 2.1 years. All inves- 
tigations show that the skeletal maturity is 
most retarded in the girls of older age groups. 
Maximum retardation found in our material 
was 4.2 years in a 16.7-year-old girl. Jensen 
(3) found a maximum retardation of 10 years 
in a 24-year-old woman. 

Delayed skeletal maturity is probably 
caused mainly by hormonal factors and the 
delay towards puberty seems to be due to 
lack of estrogen. Park et al. ( 5 )  studied the 
effects of sex chromosome constitution and 
estrogen treatment on increase in height and 
on skeletal and sexual maturation. They 
found the rate of skeletal maturation lower 
than normal during the 2 years before estro- 
gen treatment and higher than normal during 
the 2 years after starting treatment. 

The findings of Webber et al. (4) are also 
interesting. They showed that only women 
with 45X and its variants had significantly 
retarded skeletal maturity. The women with 
47XXX had normal skeletal maturity This 
was further discussed by Alvesalo & Tam- 
misalo (28) and Alvesalo et al. (29), who 
also found that the tooth size was dependent 
on the number of X chromosomes. The more 
Xs, the larger the teeth, mainly due to an 
increase in the enamel layer. It seems that 
genes on the X chromosome control growth 
in general and that there is an X-chIomo- 
soma1 influence on stature, tooth size, and 
enamel thickness. 

Dental development is, according to 
Demirjian et al. (22), unrelated to other 
developmental systems. It is subject to less 
variation in relation to chronologic age and 
appears to be controlled independently. Our 
findings seem to confirm this also for the 
Turner patients. The correlation between 
dental and skeletal maturity was even less 
than in normal girls. Whereas the skeletal 
maturity was retarded, the dental maturity 
was advanced, and the clinical eruption was 
close to normal. Hormonal factors may con- 
tribute to this deviation. As earlier reported, 
lack of estrogen has been shown to delay the 
skeletal maturity (5).  Our findings indicate 
that the dental maturity is unaffected or per- 
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haps even accelerated by the same shortage 
of estrogen. 

In our investigation dental maturity was 
advanced 1 year. This is in accordance with 
several authors (8-11). A weakness of our 
figures may be that we did not have a Nordic 
control material and therefore used Demir- 
jian’s material of French-Canadian girls. A 
Finnish investigation by Haavikko (30) 
reports, however, that the rate of formation 
of the permanent teeth of Finnish children 
agrees closely with that of white children 
from the United States. Nystrom et al. (31), 
however, using Demirjian’s method for 
assessing dental maturity, found that the 
Finnish girls were on an average 3.5 months 
ahead of the French-Canadian girls at the 
age of 4-9 years and 9 months ahead in the 
10- to 14-year age group. 

The clinical eruption was advanced by a 
mean of 3.7 months compared with the 
Swedish reference material (15). No cor- 
rection was made for local eruption prob- 
lems. Such correlations might have resulted 
in a somewhat higher value. Acceleration 
was not significant, and the difference 
found in timing of the dental maturity and 
the clinical eruption may give rise to further 
investigations. The findings are, however, in 
agreement with those of Ogiuchi et al. (10). 
In their Japanese material they found that 
the mean dental age estimated from the 
maturity stages was 1.22 years advanced, 
whereas the eruption of the teeth was not 
affected. According to Ogiuchi et al. (10) 
this can be explained by the fact that shorter 
roots occurred in all their patients. This 
leads to advanced maturity by earlier fin- 
ished root formation. 

Lindsten et al. (9) compared the time of 
eruption of teeth in normal children and 
children with Turner syndrome and other 
sex chromosome abberations and found that 
both X- and Y-chromosomal factors influ- 
enced dental development. 

According to a theory of Barlow (32), 
heterochromatic X chromosomes influence 
dental development in the sense that excess 
heterochromatin leads to delayed eruption 
of teeth by slowing down the cell cycle and 
diminishing cell division. Early eruption of 
teeth in Turner patients has been observed 
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by Filipsson et al. (8) and Lindsten et al. (9). 
Galindo & Baar (33) and Zajaczkowska et 
al. (34) observed delayed tooth eruption in 
a case of 49 XXXXY and 49 XxxXX, 
respectively. 

In our material of Turner patients we 
observed several local eruption disturbances 
in the latcral segments of the maxilla, most 
prevalent for 45X patients. The maxillary 
alveolar arch in these patients has been 
shown to be significantly narrower but of 
normal anteroposterior length (3,7,10). 
This will reduce the overall space in the arch. 
Even though the mesiodistal diameter of the 
teeth is reduced (28,35-37), there seem to be 
a discrepancy between the maxillary alveolar 
arch size and the sum of the mesiodistal 
diameters of the teeth. In some patients this 
may lead to problems especially for the latest 
erupting teeth. In our investigation eruption 
problems were found in 6 of 33 patients 
related to the lateral segments of the maxilla, 
whereas only 1 patient showed faulty erup- 
tion in the mandibula. 

Reduced body height is the most pre- 
dominant finding in Turner patients. Since 
growth and its regulatory mechanisms seem 
to be influenced by genes on the X chro- 
mosome, and these genes also seem to influ- 
ence tooth size, it can be anticipated that the 
same mechanisms also may be responsible 
for other dimensional changes observed in 
these patients. We also know that lack of 
estrogen has a retarding effect on the matu- 
ration of the skeleton. It seems likely that 
all these disturbances in the normal pattern 
for growth and development may cause dis- 
harmony in the relationship between certain 
structures. This may contribute to the higher 
frequency of lateral crossbites and perhaps 
also to the observed disharmony in tooth size 
in relation to jaw size. 
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