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The aims of this investigation were to analyze permanent tooth crown size and morphology
and to perform symmetry analysis between corresponding teeth on the right and the left side.
The material comprised 32 Turner syndrome patients aged 7-16.7 years. As controls served
33 normal girls 10.2-16.7 years old. The mesiodistal diameter was significantly reduced for
every tooth measured except for the maxillary canine. The buccolingual dimension was
reduced only for some teeth. Eleven morphologic traits were defined. Ten of these were
identified in the Turner patients; seven occurred in the controls as well, but at a lower
frequency. Some of the traits have not been described earlier for this group of patients. There
was a significant difference between Turner and control patients both in the number of patients
with bilateral tooth asymmetries and in the number of corresponding tooth pairs in the maxilla
with bilateral asymmetry. No significant differences were found between the 45X patients and
the other karyotypes. Maxillary central incisors showed a surprisingly high relative frequency

(38.5%) of bilateral asymmetry. [J Anatomy; tooth; X-chromosome
Marit Midtbg, School of Dentistry, Arstadveien 17, N-5009 Bergen, Norway

Total or partial loss of an X chromosome
as expressed in the Turner syndrome will
influence both the size and the shape of
certain craniofacial structures (1-3). The
degree of sex chromosome deficiency seems
to determine the morphologic manifesta-
tions. Generally, symptoms are less severe
in cases of mosaics and deletions than in
complete monosomy X (4). Other authors
suggest that the syndrome as caused by the
i(Xq) and X0 variants is most severe (5).

Studies on tooth crown size seem to con-
firm that the different karyotypes are dif-
ferently affected. Reduced size of the tooth
crown is found in monosomy X and in mosaic
and isochromosome of the long arm of X
karyotypes, probably as a function of a
reduced thickness of the enamel layer (6).
However, the pattern and extent of the
reductions have been shown to differ slightly
for the various karyotypes (7-10).

The effect of sex chromosome aberrations
on dental morphology is less explored. For
Turner patients the reports available all deal
with the 45X karyotype. Kirveskari & Alve-
salo (11) have described simplified crown
morphology and reduced expression of

molar crown traits. Mayhall & Alvesalo (12)
observed reduction of cusp areas and volume
in the maxillary first molar. Townsend et al.
(7) reported, after a preliminary analysis of
dental morphology in 121 45X women, that
no striking crown abnormalities were
present.

Studies of normal populations and of per-
sons with sex chromosome aberrations indi-
cate further that two X chromosomes give a
better control of symmetry between cor-
responding teeth on the right and left side
(13, 14). The effect of sex chromosome aneu-
ploidy and structural aberrations of the X
chromosome, as seen in the Turner syn-
drome, on bilateral tooth asymmetries is
investigated for the X0 karyotype only (10).

Since the data on tooth morphology in
patients with the different karyotypes con-
stituting Turner syndrome are scanty and
several observations indicate that sex chro-
mosome aberrations influence tooth mor-
phology in various manners, we decided to
study a group of Turner patients. The
present investigation aims 1) to evaluate per-
manent tooth crown size and morphology,
2) to perform a symmetry analysis between
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the teeth of the right and left side, and 3) to
evaluate how these variables are influenced
by the karyotype.

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 karyotype was
determined by chromosome analysis of per-
ipheral lymphocytes. The karyotyping, the
hormone therapy, and the study of general
variables were performed by the Depart-
ment of Pediatrics, University of Bergen.

The present material consisted of 32 girls
with Turner syndrome from different parts
of Norway. Their karyotypes were 45X (n =
23); 45X/46XX (n = 3); 46X,i(Xq) (n = 3);
45X/46X.,i(Xq) (n = 1); 45X /46XY (n = 1);
and 45X/46,r(Xq) (n =1). At the Depart-
ment of Orthodontics, University of Bergen,
they were examined twice. At the first exam-
ination their mean age was 12.1 years (range,
7-16.7 years). Mean age at the second exam-
ination was 14 years. At both examinations
plaster casts and five intraoral slides were
made. In two patients only slides were
obtained since lack of cooperation precluded
impressions. As controls served 33 girls with-
out any known genetic or hormonal disorder.
Their mean age was 12.7 years (range, 10.2—
16.4 years). One set of plaster casts and five
intraoral slides were available.

Recording of tooth size

Mesiodistal and buccolingual crown diam-
eters were measured on the plaster casts
by one investigator (M. Midtbg), using a
specially modified sliding caliper with 0.1-
mm gradation, as described by Moorrees
et al. (15). According to Moorrees, the
measurements should be performed at the
contact points to record the greatest mesio-
distal width. Owing to altered morphology
of some teeth in the Turner group the contact
points were missing or located gingivally.
The measurements were then performed at
the greatest mesiodistal width close to the
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gingival margin. Teeth not fully erupted or
damaged by trauma, restorations, caries, or
hypoplasia were excluded. Owing to the
eruption state of the second molars they were
excluded from this part of the study. The
measurements were repeated after 6 weeks.
The mean of the two measurements was used
in the further calculations.

Dental morphology

On the basis of a pilot study of the material
and a search of the literature, 11 different
traits or irregularities were selected (Table
1). The nomenclature and description of the
traits were partly from Kraus et al. (16), who
studied the dentition of mentally retarded
children; from Cohen et al. (17), who studied
trisomy G patients; and from Carlsen’s
textbook on dental morphology (18). The
scorings were performed twice by one inves-
tigator (M. Midtbg). Both sets of casts for
each Turner patient were used in the
scorings. Thereafter all positive registrations

Table 1. Traits or irregularities scored in 33 Turner
patients

1. Cervicoincisal convergence of the approximal
surfaces, in relation both to each other and
to the crown axis.

2.  Wedge shape of the maxillary incisors.
Cervicoincisally and mesiodistally, the facial
surface was plane, sometimes even concave,
and without cervical prominence. The
lingual surface was nearly plane, without
marginal ridges and marked cingulum.

Shovel-shaped incisors.

Altered mamelon pattern.

Atypical buccal cusps on maxillary canines and
premolars. Accessory cusp.

6.  Conical premolars, defined by cervicoincisal
convergence of the approximal and
buccolingual surfaces.

7. Reduced lingual cusp height of the first
mandibular premolar, often combined with
buccolingual compression of the occlusal
surface.

8.  Reduced distolingual cusp (hypocone),
distobuccal cusp (hypoconid).

9.  Missing distolingual cusp (hypoconc),
distobuccal cusp (hypoconid).

10.  Carabelli’s trait. Only teeth with no sign of

Carabelli’s trait were registered.

11.  Nippled cusps.

W
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and all borderline cases were discussed and
scored as present or not by the two observers
jointly (M. Midtbg, A. Halse). The joint
decisions were used in the calculations.
Teeth with large restorations or damaged by
trauma were excluded. The number of teeth
scored for morphologic traits was somewhat
higher than the number of teeth measured,
owing to the state of eruption and the
location of minor restorations. Mandibular
second molars were not sufficiently erupted
for registration. Some maxillary second
molars could be scored. One Turner patient
had hypodontia of the left mandibular sec-
ond molar.

Symmetry analysis

The symmetry was recorded by two vari-
ables: a) The mesiodistal diameters of cor-
responding teeth from the left and right sides
were compared. Differences in mesiodistal
width of 0.3 mm or more were recorded as
asymmetry. b) Morphologic asymmetries
between corresponding teeth on the right
and left sides were recorded on the basis of
the earlier described scorings. Some pairs of
teeth had asymmetry in both mesiodistal
width and morphology. The investigators
were unaware of the karyotyping of the
Turner patients during the registration.

Statistics

The error of measurement was calculated
from the formula v = Ved?/2n (19), where
d is the difference between the first and the
second measurement for each variable. The
error was small for all teeth measured, aver-
aging 0.06 mm. Possible skewness in the dis-
tribution pattern of the measured tooth
widths was examined on histograms of the
recorded values. The form of the histograms
indicated no skewness. Differences in mesio-
distal and buccolingual widths between the
individual teeth on the right and the left side
were tested by means of Student’s ¢ test. As
no difference was found, only the right side
was used.

The buccolingual and mesiodistal diam-
eters of the teeth were compared with the
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control material and between the 45X karyo-
type and the other karyotypes with Student’s
t test.

The following variables were compared
between Turner and control patients and
between the 45X karyotype and the other
karyotypes by means of the chi-square test:
a) the number of teeth with traits; b) the
number of patients with bilateral tooth asym-
metries; and c) the number of pairs of cor-
responding teeth with bilateral asymmetry.

Two patients with incomplete records
were not included.

All calculations were performed by a com-
puter program (20).

Results

Tooth size

Table 2 shows the mesiodistal and bucco-
lingual dimensions for the 45X patients, the
isochrome and mosaic karyotype patients,
and normal control girls.

45X patients

The mesiodistal diameter was significantly
reduced for every tooth measured except the
maxillary canine. The buccolingual dimen-
sion was significantly reduced only for
second premolars, first molars, and the
maxillary first premolar.

Mesiodistally the maxillary canine showed
the smallest size reduction (2.7%). The first
molars and second premolars were reduced
8.0-11.3%, the greatest difference being
found for the mandibular first molar. The
buccolingual dimensions showed smaller dif-
ferences but a similar pattern. Average size
reductions for 45X patients compared with
normal control girls were 6.6% and 4.3% for
the mesiodistal and buccolingual dimen-
sions, respectively.

Isochromosome and mosaic karyotypes

Isochromosome and mosaic karyotypes
showed significant reduction in the mesio-
distal dimension for all teeth except the
maxillary canine and the mandibular central
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Table 2. Mesiodistal and buccolingual dimensions in 21 45X girls, 9 isochromosome and mosaic karyotypes
{46X,i(Xq) (n = 3), 45X/46XX (n = 3), 45X/46XY (n = 1), 45X/46X,i(Xq) (n = 1), 45X/46X,1(Xq)
(n = 1)) and 33 normal control girls. Mean value, standard deviation (SD), and coefficient of variation
(CV). Asterisks indicate significant differences of 45X versus controls and isochromosome and mosaic
karyotypes versus controls. Isochromosome and mosaic karyotypes versus 45X showed no significant

differences
Isochromosomes
45X and mosaics Controls
n x SD CV n x SD CV n x Sb ¢V
Mesiodistal maxilla
I 20 8.20** 0.63 77 9 7.95* 050 63 30 872 053 6.1
I 21  6.35* 0.53 83 9 6.13* 058 95 33 6.69 066 99
C 20 7.53 036 49 7 17.52 0.44 59 24 774 036 4.7
PM! 16  6.42*** 030 4.7 8 6.34* 055 87 29 695 048 6.9
PM? 15 5.97*** 042 7.0 7 580** 046 79 23 6.60 039 5.9
Mm! 13 9.18*** 0.28 3.1 8 951* 059 62 25 10.15 045 44
Mesiodistal mandible
I 21 4.93*** 026 53 9 5.16 029 56 30 536 028 5.2
r 19 5.66* 034 6.0 9 556 038 68 32 589 034 58
C 20  6.45* 038 59 9 637 037 58 33 6.71 032 48
PM! 20 6.73* 031 4.6 8 646 043 67 30 7.00 046 6.6
PM? 20 647*** 041 63 8 6.29** 050 79 28 7.03 039 5.5
M! 14 9.84*** (030 3.0 7 10.06* 0.89 88 27 11.09 050 4.5
Buccolingual maxiila
I 18 6.76 061 9.0 8 6.98 039 56 32 7.07 060 8.5
r 17  5.85 0.65 11.1 8 6.28 056 89 30 621 064 103
C 16 175 049 63 6 794 0.74 93 19 783 061 7.8
PM! 18 8.69** 044 51 8 857* 064 75 31 920 063 68
PM? 16 8.82** 044 50 7 840* 063 7.5 27 921 051 5.5
M! 18 10.59*** 0.41 3.9 7 10.83 091 84 32 11.36 046 4.0
Buccolingual mandible
r 18 5.79 0.33 57 7 5.79 0.36 6.2 33 590 036 6.1
g 18 5.95 033 55 7 6.06 048 79 29 6.19 033 53
C 19 695 052 75 5 115 059 82 26 7.06 055 7.8
PM! 18 7.49 053 71 6 1743 0.84 113 31 769 049 6.4
PM? 19 8.03* 053 66 8 7.8* 048 6.1 29 839 059 7.0
M! 16  9.56*** 047 49 8 973** 0.61 63 30 10.51 039 3.7

*p <0.05; **p <0.01; ***p < 0.001.

incisor; average reduction was 7.4%. The
buccolingual differences were generally
small, and some teeth even showed slightly
larger diameters than those of normal con-
trol girls. Significant reductions were found
only for second premolars, the maxillary first
premolar, and the mandibular first molar.

Isochromosome and mosaic karyotypes
compared with the 45X group

The differences between the 45X girls and

the isochromosome and mosaic karyotypes
were non-significant for both mesiodistal
(0.9%) and buccolingual (1.1%) measure-
ments.

In all three samples the coefficient of vari-
ation showed the greatest value for the
maxillary lateral incisor. Generally, the
variability of tooth size was greatest in the
isochromosome and mosaic group. For the
45X girls the greater variability was mainly
related to mesiodistal tooth width. In bucco-
lingual tooth width the coefficient of vari-
ation showed the same value in both groups.
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Fig. 1A Cervicoincisal
convergence of the
maxillary central
incisors,

IB. Wedge shape of
the maxillary centraj
incisor. Altered
mamelon pattern of
the maxillary lateral
incisor. Atypical buccal
cusps on maxillary
canine and premolars:
note also accessory
cusps on 14, 15, 44,
and 45,

1C. Asymmetry in
mesiodistal width of
the maxillary central
incisors {11 > 21:
difference. 0.6 mm).
1D and E. A patient,
karyotype 45X/46XX,
with several
asymmetries. The
lateral incisors differ
both in mesiodistal
width and morphology.
the canines only in
morphology.
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Dental morphology

In the dentition of all registered Turner
patients one or more of the described traits
were identified. The number of affected
teeth per patient ranged from 2 to 18. The
dentition of some patients is illustrated in
Figs. 1 and 2.

Traits were observed with equal fre-
quencies on the right and the left side. Table
3 shows the relative frequencies of each trait
on the basis of tooth type for the Turner and
control samples on the right side. Some teeth
were affected by two or three traits. Maxil-
lary teeth were affected more often than
mandibular teeth. The difference was most
pronounced for the incisors.

Cervicoincisal convergence of the approxi-
mal surfaces occurred in 26.3% of the maxil-
lary incisors (Fig. 1A); 41.9% of the central
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incisors and 10.7% of the lateral incisors
were affected.

Wedge shape affected the maxillary cen-
tral and lateral incisors in 58.1% and 51.7%
of the cases (Figs. 1B and 2C).

Shovel shape was not observed for any
tooth in the Turner material.

Altered mamelon pattern was mainly
observed in the lateral incisors, where it
occurred with a frequency of 37.9%. For the
central incisors the frequency was 6.5%
(Fig. 1B).

Atypical buccal cusps occurred on average
in 24.7% of the maxillary canines and pre-
molars. In the premolars the buccal cusp was
peg-shaped centrally with a smaller mesially
positioned accessory cusp (Fig. 1B). In the
canine the mesial aspect of the cusp showed
a cupulate defect, as illustrated in Figs. 1B
and E.

Table 3. Relative frequencies of each trait distributed, in accordance with type of tooth

Turner Control
Tooth No. of Relative No. of Relative
Trait affected teeth frequency teeth frequency
1 I 31 41.9 31 3.2
P 29 10.7 33 3.0
2 | L 31 58.1 31 0
P 29 51.7 33 (4]
3 | L 31 0 31 32
| 29 0 33 6.1
4 ) 31 6.5 31 0
| 29 37.9 33 12.1
5 Crax 28 250 24 0
PMY 25 40.0 30 0
PM? ., 2 9.1 28 0
6 PM! .. 25 12.0 30 0
PM?,.. 2 72.7 28 o
PM',una 28 0 31 3.2
PM? 28 571 29 0
7 PM 0 28 60.7 32 0
8 M 28 10.7 32 .0
M e 30 36.6 32 12.5
9 M 28 10.7 32 0
M 30 36.6 32 9.3
M2 . 18 72.2 19 36.8
10 Mux 28 67.8 32 37.5
11 Crnay 28 7.1 24 0
PM!,.. 25 20.0 30 0
PM2,., 22 18.2 28 -0
Cand 30 16.7 30 0
PM' e 28 17.9 327 0
PM?na 28 10.7 29 0
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Conical premolars were frequently regis-
tered (Fig. 2A). Highest frequency was
found for maxillary second premolars
(72.7%). None of the mandibular first pre-
molars were affected.

Reduced lingual cusp height, often com-
bined with buccolingual compression of the
occlusal surface, was found in 60.7% of the
mandibular premolars. Occasionally, a
grove or furrow also appeared, extending
from the mesial part of the lingual surface to
the middle buccal surface (Figs. 1B and 2B).

Reduced distobuccal cusp or hypoconid
was found for 36.6% of the mandibular first
molars. Of the first maxillary molars, 10.7%
showed reduced hypocone.

Missing distobuccal cusp or hypoconid
occurred in mandibular first molars (36.6%).
In maxillary ones 10.7% lacked the hypo-
cone. Thirty-seven maxillary second molars
were registered; of these, 27 were missing
the distolingual cusp.

No sign of Carabelli’s trait was observed in
67.8% of the maxillary first molars.

Nippled cusps were observed in canines
and premolars with a frequency ranging
from 7.1% to 20.0%. The maxillary canine
showed the lowest prevalence and the maxil-
lary first premolar the highest one (Fig. 2D).

Traits found in the control material

As shown in Table 3, only seven of the
irregularities were present in the control
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material and always in a lower frequency.
Shovel shape of the maxillary incisors
occurred only in the control material.

Karyotype and distribution of traits

There was a significant difference (p <
0.000) between Turner and control patients
in the number of teeth with traits in both
the mandible and the maxilla. The relative
frequencies of teeth with traits distributed
on the basis of the karyotypes are shown in
Table 4. Highest relative frequency occurred
in 45X patients, who showed 67.1% affected
teeth in the maxilla. For the other karyotypes
the sample size was small, varying from one
to three persons in each group, so the results
have to be considered with caution. There
were no significant differences between the
45X patients and the other karvotypes.

Symmetry analysis

Totally, 30 pairs of teeth with asymmetries
in mesiodistal tooth widths of 0.3 mm or
more (range, 0.3-1.2 mm) were registered
in the Turner group; of these, 5 pairs also
showed morpholgic asymmetries. Ten pairs
of teeth showed only morphologic asymme-
tries related to the earlier described traits.

A most interesting finding was the high
number of asymmetric pairs of maxillary cen-
tral incisors. Ten of 26 pairs showed asym-
metry: 9 pairs in mesiodistal tooth widths

Table 4. Relative frequencies of teeth with traits distributed in accordance with karyotype

Relative
No. of teeth Teeth with traits frequencies (%)
No. of
Karyotype patients Max. Mand. Max. Mand. Max. Mand.
45X 21 225 235 151 81 67.1 34.5
45X /46XX 3 38 36 21 8 55.3 222
46X .i(Xq) 3 27 30 14 12 51.9 40.0
45X /46X,i(Xq) 1 8 12 4 3 50.0 25.0
45X /46X 1(Xq) 1 14 12 7 6 50.0 50.0
45X /46XY 1 12 12 6 7 50.0 58.3
Turner 30 324 337 203 117 62.6 34.7
Control 33 349 375 42 16 12.0 4.3

Maxilla: x = 189.87; p < 0.000; mandible: x = 109.75; p < 0.000.
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and 1 pair in morphology (Figs. 1C and 2C).
The difference in mesiodistal width ranged
from 0.3 to 0.8 mm.

Asymmetry was frequent also for the man-
dibular central incisor (12.9%). Maxillary
lateral incisors had high but equal fre-
quencies of asymmetries in both groups
(24.1-28.6%).

Asymmetric pairs of maxillary canines and

first molars were found only in the Turner

group. Maxillary canines showed asymmetry

in cusp morphology (Figs. 1D and E),

whereas first molars showed both dimen-
sional and morphologic asymmetry.

Karyotype and asymmetry

One to four asymmetric pairs of teeth were
found in 23 of 31 examined Turner patients.
Table 5 lists the karyotype, the number of
patients with and without tooth asymmetries,
and the number of asymmetric pairs of teeth
compared with control patients. Maxillary
teeth were affected more often than man-
dibular ones. One patient with 45X/46XX
karyotype showing asymmetry of maxillary
laterals and canines is illustrated in Figs. 1D
and E.

There was a significant difference between
Turner and control patients both in the num-
ber of persons with asymmetry (p <0.01)
and in the number of asymmetrical tooth
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pairs in the maxilla (p < 0.001). In the man-
dible there were no significant differences.

None of the patients with isochromosome
karyotype 46X,i(Xq) had asymmetric pairs
of teeth. Within all the other karyotypes
asymmetries were observed. There were no
significant differences between the 45X
patients and the other karyotypes.

Discussion

The present investigation showed reduced
tooth crown size and altered tooth mor-
phology in 32 young Turner patients. Several
morphologic traits and bilateral asymmetries
not earlier reported for this syndrome were
observed.

Our findings on tooth size agree with those
of Townsend et al. (7) and Varrela et al.
(9), who investigated 45X and 45X/46XX
women. There are few similar studies on
morphology. To a certain extent our results
are in accordance with those of Kirveskari
& Alvesalo (11). This indicates that reduced
tooth crown size and certain morphologic
traits are parts of the Turner syndrome.

In a study of dental asymmetry Townsend
et al. (10) reported no differences between
45X females and normal controls, which is
inconsistent with our findings.

1t is generally accepted that dental crown

Table 5. Number of patients and tooth pairs with bilateral asymmetry in morphology and
mesiodistal width distributed in accordance with karyotype

No. of patients

Pairs of teeth
Pairs of teeth

with asymmetry

Without With
Karotype asymmetry asymmetry Max. Mand. Max. Mand.
45X 5 16 109 110 15 6
45X /46XX 3 19 18 7 0
46X.,i(Xq) 3 13 15 0 0
45X /46X.i(Xq) 1 2 6 2 2
45X/46X,1(Xq) 1 7 6 2 2
45X/46XY 1 6 5 2 1
Turner 8 22 156 160 28 11
Control 20 13 167 167 9 5

Patients with asymmetry: x = 7.73; p < 0.01; pairs of teeth with asymmetry in the maxilla: x =
12.54; p < 0.001; pairs of teeth with asymmetry in the mandible: x = 2.64, NS.
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morphology cannot be altered after full min-
eralization has been reached. The critical
period of odontogenesis is therefore between
the initial developmental stage and the min-
eralization stage of the dental crown. This
period will vary both in time of onset and
duration for the different teeth, extending
from about 28 days in utero to approximately
16 years postnatally (21). In our material of
Turner patients size reductions and morpho-
logic traits were observed for all types of
teeth, indicating that the etiology is found
in the general condition of X chromosome
aberration rather than in a particular em-
bryologic event. :

Disturbed or restricted growth is the most
predominant characteristic of girls with the
Turner syndrome (22-24), besides various
somatic abnormalities. According to Lubin
et al. (25), there seems to be a generalized
growth retardation process affecting all tis-
sues in the body. The mechanism whereby
complete or partial X chromosome mono-
somy results in so many anatomic abnor-
malities is still unknown. Lippe (26)
concluded that almost all the abnormalities
observed in Turner syndrome patients
involve mesenchymal tissue. She has there-
fore proposed a hypothesis to explain this
phenomenon specifically—namely that ‘a
major defect in Turner syndrome is disor-
dered mesenchymal tissue growth’.

Does this hypothesis of disordered mesen-
chymal tissue growth fit with our findings on
dental morphology?

Huggings et al. (27) demonstrated as early
as in 1934 that the dental mesoderm controls
the tooth form. Kollard & Baird (28-30)
found that the shape of a particular tooth
is determined not by the epithelial enamel
organ but by the dental mesoderm, and that
the dental mesoderm can produce the
expression of genes for enamel synthesis in
ectopic, non-dental epithelium. Berkovitz &
Moxham (31) and Berkovitz & Shellis (32)
conclude that the dental papilla is important
in the induction of the enamel organ and in
the determination of crown form, but the
nature of the induction process itself remains
obscure. The morphologic pattern or basic
form and relative size of the future tooth is
established by morphodifferentiation—that
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is, differential growth (33). Disturbances in
morphodifferentiation may affect the form
and size of the tooth without impairing the
function of the individual ameloblast or
odontoblast. The result may be a malformed
tooth with structurally normal enamel and
dentin. This may be the type of morphologic
malformation found in Turner syndrome

~ patients. On the basis of these findings it

seems probable that the observed alterations
in dental size and morphology may be caused
by disordered mesenchymal tissue growth,
thus confirming the earlier hypothesis of
Lippe (26).

As shown by Alvesalo & Tammisalo (6),
reduced enamel thickness contributes to the
reduced tooth size. Normally, the enamel
layer is thinnest near the cementoenamel
junction and shows increasing thickness
towards the contact points. The tooth
measurements in this investigation and those
of Townsend et al. (7) and Varrela et al. (9)
were done by the method of Moorrees et al.
(15) on plaster models. According to the
method the measurements should be per-
formed at the contact points corresponding
to the greatest mesiodistal width. This inves-
tigation showed that cervicoincisal con-
vergence of the approximal surfaces was a
prevalent trait both for the maxillary central
incisors and for the premolars. Because of
the convergence the contact points were
missing or located more gingivally (Figs. 1A

.and 2A). Accordingly, the measurements
iwere also performed more gingivally for Tur-

ner than for control patients. Owing to this
deviation an underestimation of the ‘true’
difference in mesiodistal width between Tur-
ner and control patients may have occurred.

The present investigation showed that all
mesiodistal crown diameters except that of
the maxillary canine were significantly
reduced. In the buccolingual direction only
some teeth showed significant reductions,
and these reductions were always smaller
than the former ones. The 45X patients and
the other karyotypes showed slightly dif-
ferent patterns of reduction. Similar find-
ings were also made by Varrela et al. (9)
and Townsend et al. (7). These findings are
consistent with the effect of reduced thick-
ness of the enamel layer (6) and indicate that
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the extent of X chromosome deficiency is the
cause of the observed differences between
the karyotypes. The size reductions con-
firmed further the altered tooth form; the
Turner patients had more rounded or conical
teeth most prevalent for incisors, premolars,
and first molars.

Ten morphologic traits were observed in
our material of Turner patients; seven were
found also in the control material. Some of
the traits observed have not been reported
earlier for this group of patients. Those were
wedge shape of the incisors, as illustrated in
Figs. 1B and 2C, altered mamelon pattern
(Fig. 1B), atypical buccal cusps on maxillary
canine and premolars (Figs. 1B and E), and
nippled cusps (Fig. 2D). Some of the specific
traits also occurred with high frequencies
(Table 3). Altogether this gives the dentition
a characteristic appearance, which in our
opinion is specific for Turner syndrome
patients.

Kirveskari & Alvesalo (11) reported ‘mor-
phological dental reduction’ after having
examined 45X women for four traits: shovel
shape, hypocone reduction, Carabelli’s trait,
and lower molar cusp number. As shown in
Table 3, our findings partly agreed. Reduced
or missing hypoconid occurred as often as in
42 of 59 mandibular molars, which is also
reflected in the observed reduction in mesio-
distal width of 11.3%. Carabelli’s trait was
found in a lower frequency, and none of the
maxillary incisors showed true shovel shape.
In contrast, 54.9% had wedge shape charac-
terized by smaller cingulum and absence of
marginal ridges on the lingual surface. As
suggested, the etiology of the altered tooth
morphology may be found in the general
growth disturbance of Turner syndrome.
Particularly, the reduced enamel layer (6)
seems decisive for the tooth form, and it
appears that many of the morphologic charac-
teristics given by a normal enamel layer are
also lost with the reduction.

Jensen (34) observed significantly more
spacing, especially in the upper front, in
Turner patients than in controls. It is obvious
that the high frequency of conical tooth mor-
phology contributes to the spacing. This
spacing may therefore not only be a true
expression of excess of space in the maxillary
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arch but also demonstrate the high frequency
of conical tooth morphology.

The frequency of traits or irregularities
was higher in the maxilla than in the
mandible, especially for incisors and canines.
Similar findings were made by Kraus et al.
(16) for mentally retarded subjects and by
Cohen et al. (17) for trisomy G patients.

The distribution of traits showed no
significant differences between the 45X
patients and the other karyotypes. However,
for some of the karyotypes the sample size
was small, so the results should be con-
sidered with caution.

Townsend et al. (10) found no differences
in dental asymmetry between 45X patients
and the controls, whereas Down syndrome
patients showed increased values. Cohen et
al. (17) stated, after examining the dentition
of trisomy G patients, that bilateral sym-
metry was found within each arch both in
the control and in the mongoloid samples.
There are some reports of asymmetry in
Turner syndrome patients. Eberle et al. (35)
observed facial asymmetries, and Gorlin et
al. (36) asymmetry of the facial bones and
the gingiva. The present investigation
showed that both the number of persons with
bilateral asymmetries and the number of
asymmetric pairs of teeth in the maxilla were
significantly higher in Turner than in control
patients. No differences were found in the
mandible. Our findings indicate that there is
an association between the Turner syndrome
and asymmetry and supports the hypothesis
of reduced growth control for this group of
patients.

The distribution of asymmetry on the basis
of the type of tooth surprisingly showed that
the maxillary central incisors had the highest
relative frequency. Normally, the first tooth
in each tooth group is the morphologically
most stable. Garn et al. (37, 38) found that
asymmetry was related to tooth size and was
most pronounced for the more distal tooth
in each class. The same findings were made
by Townsend et al. (10) in 45X patients.

The high incidence of asymmetric incisors
indicates that the teeth formed-early are
more affected than those formed later. Simi-
lar findings have also been made for tooth
size reduction (9). It may be speculated
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whether this has to do with the timing or
level of X-chromosome inactivation.

It is known from Gamn et al. (39) that
asymmetry is slightly more prevalent in boys
than in girls, most probably because the
paired X chromosome in females gives a
more effective dimensional control. This
finding might explain the increased number
of asymmetric pairs of teeth in women with
X-chromosome aberrations. Anticipating
that the degree of X-chromosome aberration
is decisive for the asymmetries, an increased
number of asymmetries in the 45X karyotype
should be expected. Our results showed no
difference between 45X karyotype and the
other karyotypes. However, larger sample
sizes are needed before conclusions can be
drawn.
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