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Structured Abstract

Objectives — To study size and shape of the sella turcica in individuals
with Down syndrome (DS) and compare them to matched controls without
the syndrome.

Setting and sample population — The Department of Pediatric Dentistry
and Orthodontics. Lateral cephalograms of sixty DS individuals and sixty
controls were obtained with an age range of 12-22 years.

Materials and methods — The length, depth, and diameter of the sella
turcica were calculated. In addition, the shape of the sella turcica was
described as either normal or with aberrations such as; oblique anterior
wall, sella turcica bridging, extremely low sella turcica, irregularity in the
posterior part of the dorsum sella, and pyramidal shape of the dorsum
sella.

Results — An increase in the diameter and depth of sella turcica was
found more frequently in DS group as compared to controls (P < 0.05
and P < 0.0001, respectively). When the shape of the sella turcica was
examined, a normal sella turcica shape was found less often in DS

(P < 0.05). The most common abnormality detected was an oblique ante-
rior wall (P < 0.05). A sella turcica bridge, irregularity in the posterior wall,
and a pyramidal shape of sella turcica were present simultaneously in
some individuals with DS (P < 0.01).

Conclusion — The sella turcica in DS differs in size and morphology
when compared to individuals without the syndrome. The diameter and
depth of the sella turcica in DS are larger than controls, with a tendency
toward more abnormalities in the shape of sella turcica.
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Introduction
Down syndrome (DS), also known as trisomy 21 and mongolism,

is a congenital anomaly caused by the presence of all or part of a
third copy of chromosome 21 (1-4). It is the most common
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chromosome abnormality in humans (5). Individ-
uals with DS present with distinctive phenotype
manifestations which include, but are not limited
to; generalized physical growth delay, varying
degree of mental retardation, hearing and vision
problems, infertility, and thyroid disorders (6-12).
One of the reasons for the development of the lat-
ter is a malfunction in the secretion of thyroid-
stimulating hormone from the pituitary gland. It
is well known that the pituitary gland, which is
housed in the sella turcica, is a vital structure in
the human body. It is responsible for secreting
hormones which regulate the control of growth,
blood pressure, body temperature, thyroid activ-
ity, urine production, and the production of sex
hormones (13, 14).

Research so far has revealed that the formation
of the pituitary gland during fetal life takes place
ahead of the cartilaginous sella turcica (15).
Thus, the development of this gland is closely
coordinated with the development of the sella
turcica. Previous investigators have observed
that individuals affected with syndromes or dis-
orders such as holoprosencephaly (16, 17), tri-
somy 18 and trisomy 21 (18-20), spina bifida
(21, 22), Meckel-Gruber syndrome (23), cleft lip
and palate (24), fragile X syndrome (25, 26), Cri-
Du-Chat (27), Williams syndrome (28), and
severe craniofacial deformities (29), all present
with malformations which influence the size
and/or morphology of the sella turcica formed
during embryological development. Kjaer et al.
in 1998 (18) conducted a histological examina-
tion of the sella turcica of fetuses with Trisomy
18 and compared them to normal controls. Their
findings revealed that the sella turcica was
affected to varying degrees from mild to severe
especially in the posterior wall of the sella, while
the anterior wall appeared either normal or with
minor malformations. They concluded that the
more severe the presentation of DS in embryos,
the more severe the malformation of sella turci-
ca (18).

The morphological variations of the sella turci-
ca observed during fetal development can also
be noted after development, such as in trisomy
21 (19), spina bifida (21, 22), and fragile X (25,
26). In fact, in trisomy 21, the sella turcica was
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found to have the same morphology postnatally
as seen prenatally in the cartilage (19). In indi-
viduals with holoprosencephaly, not only the
sella turcica was malformed, but also the pitui-
tary gland within the sella was affected prena-
tally and postnatally in subjects with this
genotype (16).

Until now, when searching for studies measur-
ing the size of the sella turcica, disorders other
than DS have been the main focus (24, 28).
Studies on the postnatal structure of the sella
turcica in DS have also been scarce. The only
report found was an investigation conducted in
1999 by Russell and Kjaer (20), where they exam-
ined lateral cephalometric radiographs of DS
individuals from 4 months to 50 years of age.
They concluded that an abnormal sella turcica
shape was present in 23% of the group with DS.

Therefore, due to the limited research on the
sella turcica in DS and the growing number of
individuals in Saudi Arabia with this genotype,
the current investigation was undertaken to cal-
culate the size, and examine the morphology of
the sella turcica, and to compare the findings
with controls without the syndrome.

Materials and methods
Subjects

Seventy-five Saudi individuals affected with DS
in both genders (40 Females, 35 Males) with an
age range from 12-22 years (mean age
15.8 years), were included in this study. After
obtaining approval from the ethics committee at
the College of Dentistry Research Center (CDRC)
at King Saud University (in accordance with the
Helsinki Declaration of 1975), different hospitals,
DS care centers and schools were contacted and
visited with an official form explaining the study.
A list of individuals affected with DS in the age
range of interest was obtained. Families were
contacted, and the study was explained to them.
Those who agreed to participate in the study
were included. The DS group chosen had no
history of craniofacial surgical treatment, was
not institutionalized, and was living with their
parents at home.



Dental examinations were performed for all DS
individuals at the College of Dentistry, King Saud
University. For the majority of the sample that
was their first visit to a dentist and therefore oral
hygiene instructions and toothbrushes and denti-
frices were given to them and their parents. In
addition, urgent dental care and referrals were
provided free of cost for all DS individuals. At this
stage, the cooperation of the DS group was
assessed subjectively. Those with poor coopera-
tion and inability to follow instructions were
excluded (n = 15). Therefore, the final number of
individuals with DS included in this study was
sixty. After signing a consent form by their par-
ents, lateral cephalometric radiographs were
obtained (Planmeca PM 2002 CC Proline Cepha-
lostat; Instrumentarium Corp. Imaging Division,
Tusula, Finland). The parameters for the machine
were standardized and routinely calibrated at a
regular and fixed schedule, with a tube voltage of
57-85 Kv and tube current of 2-16 mA with a
minimum total filtration of 2.5 mm Al, using the
cranex intensifying screen (HI plus regular speed)
and Kodak X-OMAT RP pan Df 75, and under
strict radiation protection measures.

All radiographs were processed according to
the manufacturer’s instructions. The procedure
for obtaining the cephalometric radiographs was
carried out by a well-trained technician and
under close supervision. All participants were
positioned in the cephalostat with the sagittal
plane at right angle to the path of the X-ray, the
Frankfort plane parallel to the floor, teeth in
centric occlusion, and lips in relaxed position.
Sixty cephalometric radiographs of subjects
without DS matching the DS group in age and
gender were obtained from the archives of the
College of Dentistry at King Saud University.

The selection criteria for the control group
were non-syndromic; Class I skeletal relation,
average facial height; Angle Class I molar and
canine relationship, average over jet and over-
bite, no dental protrusion, no extractions or con-
genital missing teeth; no history of orthodontic
treatment; no known medical problems such as
growth abnormalities. This information was
taken from the orthodontic file for each chosen
radiograph.
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Methods

The cephalometric radiographs were scanned
using the Epson Perfection 4990 Photo Scanner
(Seiko Epson Corporation, Suwa Nagano, Japan),
then digitized, and traced by one examiner using
the orthodontic imaging and management solu-
tions software Dolphin 11.0 (Premium Imaging
and Management Solutions Software, Chats-
worth, CA, USA). The degree of resolution was
300 dpi and 8 bit gray scale. The linear measure-
ments were adjusted and calibrated for actual
size in millimeters based on measurements of
the known distance (100 mm) between two fixed
points on the Dolphin ruler. This allowed the
software to adjust for magnification. An example
of a cephalometric radiograph of an individual
with DS is shown in Fig. 1. The linear dimen-
sions of the sella turcica were measured and
compared in both groups using the methods of
Silverman (30) and Kisling (31). The Sella turcica
structure in each radiograph was traced digitally

Fig. 1. Lateral cephalometric radiograph of an individual
with DS.
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using the Dolphin 11.0 software. The length,
depth, and antero-posterior diameter of the sella
turcica were measured after correction for mag-
nification. A customized analysis was done to
obtain the required measurements. After digital
tracing, a layout of the tracing was performed,
and a tool to measure the distance between two
points was used. The length of the opening of
the sella turcica was measured as the distance
from the tuberculum sella to the tip of the dor-
sum sella. The depth was measured as the dis-
tance from a perpendicular line drawn from the
length of the opening of sella to the deepest
point on the floor. A line was drawn from the tu-
berculum sella to the furthest point on the pos-
terior inner wall of the fossa. This line was
considered as the antero-posterior diameter of
the sella turcica (Fig. 2).

To determine the shape of the sella turcica in
the DS and control groups, the sella turcica
structure in each radiograph was digitally traced
using the same orthodontic imaging software
mentioned above (Dolphin 11.0). The method
described by Axelsson et al. was utilized to
determine the morphology of sella turcica (32).
A normal shape and five morphological varia-
tions from normal were noted; oblique anterior
wall, sella turcica bridging, extremely low sella
turcica, irregularity (notching) in the posterior
part of the dorsum sella, and pyramidal shape of
the dorsum sella.

TS
DS

BPF

Fig. 2. Normal sella turcica morphology and reference lines
used for measuring sella size: TS, tuberculum sella; DS, dor-
sum sella; BPF, base of the pituitary fossa; black line, length
of the opening of sella turcica; dashed line, diameter of sella;
dotted line, depth of sella (Silverman (30) and Kisling (31).
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Reliability and error analysis

The random error was evaluated by calculating
the intra-examiner error. A subsample of 30
cephalograms (15 DS and 15 controls) was ran-
domly chosen from the total sample. These were
traced on two different sessions by one examiner
to replicate the measurements within a 2-week
interval. The Cronbach’s alpha (33) and Cohen’s
kappa (34) values were calculated to assess the
reliability of measurements.

Statistical analysis

The data were entered in Microsoft software
Excel and analyzed using SPSS Pc+ version 18.0
(Statistical Software, Michigan, Chicago, IL,
USA). Student’s t-test for two independent sam-
ples was used to compare the mean values of
the quantitative variables when the distribution
of the data was symmetric. Chi-square was used
to observe the association between the distribu-
tions of two categorical variables, while the
Fisher’s exact test was used when the cell fre-
quencies of the sample were small. A P-value
of <0.05 and 95% confidence intervals were
used to assess statistical significance and preci-
sion of the estimates.

Results

Reliability of measurements

The values obtained from the Cronbach’s alpha
ranged from 0.80 to 0.95, which indicates a
highly statistically significant reliability of mea-
surements. For the categorical variables of sella
turcica shape, the results of the kappa statistics
showed a significant agreement between the two
set of values (> 0.80).

Comparison of sella turcica dimensions in DS and controls

There was a highly statistically significant differ-
ence in sella turcica diameter (P < 0.05) and
depth (P < 0.0001) between DS subjects and
controls. The measurements of the DS group
were significantly larger than the controls. No



statistically significant difference in the length of
the opening of sella turcica was noted between
DS and controls (Table 1).

Comparison of sella turcica morphology in DS and controls

When the shape of sella was examined, a statisti-
cally significant difference between the DS group
and the controls was found. A normal sella turci-
ca shape was found less frequently in the DS
group (P < 0.05) (Table 2).

An oblique anterior wall, in addition to the
simultaneous presence of more than one
abnormality in the shape of the sella turcica in
the same individual (sella turcica bridge, irreg-
ularity in posterior wall, and pyramidal shape),
was found more frequently in the DS group
than the controls (P <0.05 and P < 0.01,
respectively) (Table 2). On the other hand, no
significant difference was found between both
groups with regard to the presence of sella tur-
cica bridging or an extremely low sella turcica
position.
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Discussion

Down syndrome is the most common of all mal-
formation syndromes affecting 1 in 600 to 1 in
2000 live births in different populations (4, 35—
37). In this study, individuals with DS were cho-
sen in particular because there is a relatively
high incidence in Saudi Arabia with 1 in every
554 live births (38). Two groups of Saudi subjects
matched in age and gender were selected. For
the sake of collecting the sample, various centers
for DS in Riyadh, Saudi Arabia had been con-
tacted with official forms explaining the study. A
list of patients of both genders in the target age
group was taken. From the list obtained, some
patients refused to participate; moreover, among
the families that agreed to participate, some
individuals with DS were eventually excluded
because of the difficulty they faced following the
technicians instructions and staying still at the
machine while taking the radiographs.

Until now, the majority of studies which have
been conducted on DS have examined areas

Table 1. Comparison of mean values of sella turcica measurements (in mms) between the DS group and controls

DS Controls 95% confidence interval

Sella Turcica measurements n=60 n=60 t-value P-value of mean
Length of sella mm (SD) 10.2 (2.0) 10.1 (1.7) 0.33 >0.05 (—0.56, 0.79)
Depth of sella mm (SD) 8.9 (1.1) 7.8 (1.4) 5.02 <0.0001**** (0.71, 1.63)
Diameter of sella mm (SD) 13.0 (1.6) 12.3 (1.5) 25 <0.05* (0.15, 1.30)
Student’s ttest.
*P = 0.05; ****P = 0.0001.
Table 2. Comparison of distribution of variables of sella turcica (ST) shape between DS and controls

Normal ST ~ Oblique ant  Extreme ST bridge Irregularity in posterior part  Pyramid >1 abnormality

Groups (%) wall (%) low ST (%) (%) of dorsum sellae (%) shape (%) (%)

DS (n = 60) 27 (45) 20 (33.3) 2(3.3) 7 (11.7) 12 (20) 3(3) 11 (18.3)
Controls (n=60) 38 (63.3) 12 (20) 6 (6.7) 1(1.7) 7 (11.7) 1(1.7)
Chi-square 4.06 2.73 - - 1.56 - 8.1
P-value <0.05* <0.05* >0.05 >0.05 >0.05 >0.05 <0.01**

Chi-square test & Fisher's exact test.
*P = 0.05; **P = 0.01.
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other than the sella turcica (39-42). To our
knowledge, the current investigation is the only
one describing in detail the dimensions of sella
turcica in DS in which the depth, diameter, and
length of the opening of the sella turcica were
measured and compared to controls. The results
reveal significant differences in the size of the
sella turcica in DS, where a larger diameter and
depth were more frequently found than in their
counterparts without the syndrome. Suri et al.
also examined craniofacial features in DS and
measured the diameter of the pituitary fossa (the
greatest sagittal dimension present), but the
authors did not elucidate how the exact location
of the diameter was determined. In addition,
neither the depth nor the length of the opening
of sella turcica was calculated (43, 44).

When evaluating other syndromes such as
Williams syndrome (28) or disorders such
as cleft lip and palate (24), a difference in sella
turcica size was also evident between affected
groups and controls, but contrary to DS, the
sella turcica was found to be smaller in
controls.

Similarly, when searching for studies examin-
ing the shape of the sella turcica, only one could
be found. Russell and Kjaer in 1999 (20) investi-
gated the shape of sella turcica in lateral cepha-
lograms of 78 DS individuals, aged 4 months to
50 years old. They compared their findings to a
normal sella turcica shape and growth pattern
from childhood to adulthood. A comparison was
also made with an earlier study in which they
examined the sella of human fetuses with DS.
The shape was categorized as Type I (almost
normal appearance), Type II (deviations in the
anterior wall), or Type III (deviations in the floor
of sella turcica). Type I was found in the major-
ity of their DS group. When evaluating postnatal
and prenatal radiographs, Type I was also found
to be the most common morphological appear-
ance of sella. A comparison of their results with
the current study is difficult because the method
used for description of sella morphology was dif-
ferent than the one used in the present investi-
gation. Nevertheless, the occurrence of an
abnormal sella turcica was found in 23% (18/78)
DS individuals that they had examined, in con-
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trast to the current investigation where 55% (33/
60) individuals with DS presented with an
abnormal normal shape of sella turcica
(P < 0.05). An oblique anterior wall of sella turci-
ca, in addition to the presence of more than one
abnormality in a single radiograph (sella turcica
bridge, irregularity in posterior wall, and pyrami-
dal shape), was both characteristics found in the
current study.

Similar results with regard to the increase in
frequency of an oblique anterior wall of sella
turcica were also reported by Kjaer et al., (16)
but in individuals with holoprosencephaly. They
also reported that a sella turcica bridge and a
diminished sella volume were more commonly
found (16).

During embryological development, the forma-
tion of the sella turcica and the pituitary gland
begins at about the 7th week of gestation, with
the pituitary gland developing before the sella.
Any disturbance in this area during fetal growth
remains throughout life (15, 45, 46). This can be
observed when studying the sella turcica prena-
tally of individuals with lumbosacral myelome-
ningocele (47) trisomy 21 (19) or fragile X (25),
in which the same abnormalities can be
detected postnatally, while in holoprosencephal-
y, not only the sella turcica was found to be
affected, but also the pituitary gland (16).

It is unclear if the presence of an abnormal
sella turcica in DS has any relation to the func-
tion of the pituitary gland. Prior clinical studies
reveal hypothyroidism in many individuals with
DS with a raised level of thyroid microsomal
auto-antibodies (proteins that attack the body’s
own tissue) and thyroid-stimulating hormone
(6-8, 12). In addition, an increase in serum
androgen levels was found with an excess of
associated male sex chromosomal abnormality
in males (48, 49). When compared with the gen-
eral population, serum estrogen, prolactin, and
gonadotropin concentrations in females were
also elevated (48-50).

Whether the larger size of sella turcica and the
morphological aberrations found in the DS
group of the current study are due to differences
in the craniofacial bony structure when com-
pared to controls, or due to developmental prob-



lems of the pituitary gland, are questions that
need further exploration. The results of the cur-
rent study support the notion that the dimen-
sions and morphology of the sella turcica in
individuals with DS are different than in con-
trols. A larger sample size of both DS and nor-
mal controls, the use of certain scans such as
MRI’s, in addition to the incorporation of neces-
sary endocrinological testing during investiga-
tions, are required to address the above
mentioned questions.

Conclusions

The size and shape of the sella turcica differ in
individuals with DS when compared to controls.
A larger diameter and depth of the sella turcica
were more commonly found in the DS group.
When the shape was examined, an abnormal
morphological appearance with an oblique ante-
rior wall was more frequently found in DS. In
addition, a sella turcica bridge, irregularity in the
posterior wall, and a pyramidal shape of sella
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turcica appeared simultaneously in some indi-
viduals with DS.

Clinical relevance

The sella turcica is an important structure,
which is observed frequently by the orthodontist
when viewing lateral cephalograms. Previous
investigators have studied the size and shape of
sella turcica in syndromic and non-syndromic
subjects or in subjects with disorders. However,
studies on Down syndrome have been scarce.
Therefore, the examination of the shape and size
of the sella turcica in individuals with DS was
made in an attempt to familiarize the clinician
with the variations that are present in the sella
turcica in DS that can be detected on routine
lateral cephalometric radiographs.

Acknowledgements: The authors would like to thank
the College of Dentistry Research Center and the Dean-
ship of Scientific Research at King Saud University for
funding this research project (research project #
NF2257).

References in Saudi children with Down syn- 3rd edn. Philadelphia: Saunders;
1. Howard J. On the diagnostic term drome. Ann Saudi Med 1994;14:283— 1999.
“Down’s disease”. Med Hist 5. 15. Kjaer I, Fischer Hansen B. The pre-
1979;23:102-4. 9. Langman J, Sadler T. Langman’s natal pituitary gland-hidden and

2. Down J. Observations on an ethnic
classification of idiots (1866). Ment

Retard 1995;33:54-6. kins; 1995.

3. Desai S. Down syndrome: a review 10. Horbelt C. Down syndrome: a
review of common physical and oral
characteristics. Gen Dent
2007;55:399-402.

4. Gorlin R, Cohen M, Hennekam R. 11. Myrelid A, Bergman S, Elfvik S, Jons-
son B, Nyberg F, Gustafsson J et al.
Late effects of early growth hormone

of the literature. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod
1997;84:279-85.

Syndromes of the Head and Neck,
4th edn. New York: Oxford Univer-

Medical Embryology, 7th edn. Balti-
more: Lippincott Williams and Wil-

forgotten. Pediatr Neurol
2000;22:155-6.

16. Kjaer I, Fischer Hansen B. Human
fetal pituitary gland in holoprosen-
cephaly and anencephaly. J Cranio-
fac Genet Dev Biol 1995;15:222-9.

17. Kjaer I, Keeling JW, Fischer Hansen
B, Becktor KB. Midline skeletodental
morphology in holoprosencephaly.
Cleft Palate Craniofac J 2002;39:357—

sity Press; 2001. treatment in Down syndrome. Acta 63.
5. Gardner RJM, Sutherland GR. Chro- Paediatr 2010;99:763-9. 18. Kjaer I, Keeling JW, Reintoft I, Hjal-
mosome Abnormalities and Genetic 12. Mihg1 E, Akcurin G, Eren E, Karde- grim H, Nolting D, Fischer Hansen

Counselling, 3rd edn. New York:
Oxford University Press; 2004.

6. Smith G, Berg J. Down’s Anomaly,
2nd edn. Edinburgh and New York:
Churchill Livingstone; 1976.

7. Dinani S, Carpenter S. Down’s syn- 5

drome and thyroid disorder. J Ment 13. Kumar V, Cotran R, Robbins S. Basic
Pathology, 6th edn. Philadelphia:
Saunders; 1997.

Defic Res 1990;34:187-93.
8. Abdullah M, Salman H, Al-Habib S,

len F, Akcurin S, Keseer I et al.

Evaluation of congenital heart dis-
eases and thyroid abnormalities in
children with Down syndrome. 19. Kjaer I, Keeling JW, Reintoft I, Nol-
Anadolu Kardiyol Derg 2010;10:440—

B. Pituitary gland and sella turcica
in human Trisomy 18 foetuses. Am J
Med Genet 1998;76:87-92.

ting D, Fischer Hansen B. Pituitary
gland and sella turcica in human
Trisomy 21 foetuses related to axial
skeletal development. Am ] Med
Genet 1998;80:494-500.

Ghareeb A, Abanamy A. Antithyroid 14. Regezi JA, Sciubba JJ. Oral Pathol- 20. Russell B, Kjeer I. Postnatal structure

antibodies and thyroid dysfunction

ogy: Clinical Pathologic Correlations,

of the sella turcica in Down syn-

Orthod Craniofac Res 2015;18:43-50 | 49



Korayem and AlKofide Size and shape of sella in Down syndrome

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

drome. Am J Med Genet
1999;87:183-8.

Kjaer I, Fischer Hansen B, Keeling
JW. Axial skeleton and pituitary
gland in human foetuses with spina
bifida and cranial encephalocele.
Pediatr Pathol 1996;16:909-26.

Kjeer I, Fischer Hansen B, Reintoft I,
Keeling J. Pituitary gland and axial
skeletal malformation in human
fetuses with spina bifida. Eur J
Pediatr Surg 1999;9:354-35.

Kjaer KW, Fischer Hansen B, Keeling
JW, Nolting D, Kjaer I. Malforma-
tions of cranial base structures and
pituitary gland in prenatal Meckel
syndrome. APMIS 1999;107:937-44.
AlKofide E. Sella turcica morphology
and dimensions in cleft subjects.
Cleft Palate Craniofac J 2008;45:647—
53.

Hjalgrim H, Fisher Hansen B, Bron-
dum-Nielsen K, Nolting D, Kjaer I.
Aspects of skeletal development in
fragile X syndrome fetuses. Am J
Med Genet 2000;95:123-9.

Kjaer I, Hjalgrim H, Russell BG. Cra-
nial and hand skeleton in fragile X
syndrome. Am J Med Genet
2001;100:156-61.

Kjaer I, Niebuhr E. Studies of the
cranial base in 23 patients with cri-
du-chat syndrome suggest a cranial
developmental field involved in the
condition. Am J Med Genet
1999;82:6-14.

Axelsson S, Storhaug K, Kjaer I.
Post-natal size and morphology of
the sella turcica in Williams syn-
drome. Eur J Orthod 2004;26:613-21.
Becktor JP, Einersen S, Kjaer I. A
sella turcica bridge in subjects with
severe craniofacial deviations. Eur J
Orthod 2000;22:69-74.

Silverman F. Roentgen standards for
size of the pituitary fossa from
infancy through adolescence. Am J
Roentgenol Radium Ther Nucl Med
1957;78:451-60.

50 | Orthod Craniofac Res 2015;18:43-50

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kisling E. Cranial morphology in
Down’s syndrome. A comparative
roentgenencephalometric study in
adult males. (Master’s thesis)
Copenhagen: Munksgaard; 1966.
Axelsson S, Storhaug K, Kjaer I.
Post-natal size and morphology of
the sella turcica. Longitudinal ceph-
alometric standards for Norwegians
between 6 and 21 years of age. Eur J
Orthod 2004;26:597-604.

Miller MB. Coefficient alpha: a basic
introduction from the perspectives
of classical test theory and structural
equation modeling. Struct Equat
Model 1995;2:255-73.

Cohen J. A coefficient of agreement
for nominal scales. Educ Psychol
Meas 1960;20:37-46.

Lilienfeld AM, Benesch CH. Epide-
miology of Mongolism. Baltimore:
Johns Hopkins Press; 1969.

Mutton D, Alberman E, Hook EB.
Cytogenetic and epidemiological
findings in Down syndrome, Eng-
land and Wales 1989 to 1993.
National Down Syndrome Cytoge-
netic Register and the Association of
Clinical Cytogeneticists. ] Med Genet
1996;33:387-94.

Carothers AD, Hecht CA, Hook EB.
International variation in reported
live birth prevalence rates of Down
syndrome, adjusted for maternal
age. ] Med Genet 1999;36:386-93.
Niazi M, Al-Mazyad A, Al-Husain
M, Al-Mofada SM, Al-Zamil FA,
Khashoggi TY et al. Down’s syn-
drome in Saudi Arabia: incidence
and cytogenetics. Hum Hered
1995;45:65-9.

Quintanilla J, Biedma B, Rodriguez
M, Mora M, Cunqueiro M, Pazos M.
Cephalometrics in children with
Down’s syndrome. Pediatr Radiol
2002;32:635-43.

Roche A, Seward F, Sunderland S.
Nonmetrical observations on cranial
roentgenograms in mongolism. Am J

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Roentgenol Radium Ther Nucl Med
1961;85:659-62.

Kjaer I, Fischer Hansen B. The
adenohypophysis and the cranial
base in early human development.
J Craniofac Genet Dev Biol
1995;15:157-61.

Fischer Brandies H. Cephalometric
comparison between children with
and without Down’s syndrome. Eur
J Orthod 1988;10:255-63.

Suri S, Tompson B, Cornfoot L.
Cranial base, maxillary and mandib-
ular morphology in Down syn-
drome. Angle Orthod 2010;80:861-9.
Suri S, Tompson B, Atenafu E. Prev-
alence and patterns of permanent
tooth agenesis in Down syndrome
and their association with craniofa-
cial morphology. Angle Orthod
2011;81:260-9.

Murray JC. Gene/environment
causes of cleft lip and/or palate. Clin
Genet 2002;61:248-56.

Kjaer I. Sella turcica morphology
and the pituitary gland — a new con-
tribution to craniofacial diagnostics
based on histology and neuroradiol-
ogy. Eur J Orthod 2012 doi: 10.1093/
ejo/cjs091.

Kjaer I, Wagner A, Madsen P, Blich-
feldt S, Rasmussen K, Russell B. The
sella turcica in children with lumbo-
sacral myelomeningocele. Eur J
Orthod 1998;20:443-8.

Hasen J, Boyar RM, Shapiro LR.
Gonadal function in Trisomy 21.
Horm Res 1980;12:345-50.

Hestnes A, Stovner LJ, Husoy O, Fol-
ling I, Fougner K, Sjaastad O. Hor-
monal and biochemical disturbances
in Down’s syndrome. J Ment Defic
Res 1991;35:179-93.

Sasagawa I, Nakada T, Hashimoto T,
Ishiqooka M, Izumiya K, Kubota Y
et al. Hormone profiles and contra-
lateral testicular histology in Down’s
syndrome with unilateral testicular
tumor. Arch Androl 1993;30:93-8.



Copyright of Orthodontics & Craniofacial Research is the property of Wiley-Blackwell and
its content may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or email
articles for individua use.



