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Characteristics of Down syndrome subjects in a Saudi sample

Mohammed A. Korayema; Eman A. AlKofideb

ABSTRACT
Objective: To compare the cephalometric characteristics of Down syndrome (DS) subjects with
those of normal subjects.
Materials and Methods: Cephalometric radiographs of 60 Saudi DS subjects and 60 controls with
specific inclusion criteria were used. Descriptive statistics were used to describe the quantitative
and categorical variables, and the Student’s t-test for two independent samples was used to
compare the mean values of quantitative variables.
Results: SBa and SN were higher in controls than in DS subjects, whereas the NSBa was
significantly higher in DS subjects than in controls. SNA, Co-A, ANB, and A-Na perp of controls
were higher than the DS subjects. However, SN-MP, PP-MP, ANS-Me/N-Me, Y-axis, and Ar-Go-
Me of the DS subjects were higher than those of the controls. In addition, U1-NA, U1-NA mm, L1-
NB, and L1-NB mm of the DS subjects were also higher than the controls with a more acute U1-L1
angle in DS. NLA was larger in controls than in DS, whereas LL-E and UL-E of the DS subjects
were higher than the controls.
Conclusions: Differences between DS subjects and controls can be found when examining
cephalometric radiographs. Anterior and posterior cranial base lengths are shorter with a backward
inclination of the posterior cranial base in DS subjects. DS subjects present with a retrognathic
maxilla and shorter effective length, with an increased LFH and a hyperdivergent mandible.
Bimaxillary dental protrusion can also be expected in DS subjects with prominent lips and a
reduced nasolabial angle. (Angle Orthod. 2014;84:30–37.)
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INTRODUCTION

Down syndrome (DS), which is also known as
trisomy 21, trisomy G, and mongolism, is a congenital
autosomal (non–sex chromosomes) anomaly charac-
terized by a deficiency in general and mental devel-
opment, affecting 1 in 600 to 1 in 2000 live births in
different populations.1 Individuals with DS present with
various characteristic physical and systemic manifes-
tations, with the craniofacial manifestations being the

most distinctive.2 Craniofacial features reported in-
clude midface deficiency, mandibular prognathism,
depressed nasal bridge, slanting eyes with epicanthic
folds, ocular hypotelorism, and strabismus. Perioral
muscles are also affected by muscle hypotonia,
leading to a descending of the angle of the mouth.3

Many studies were performed on Down syndrome
subjects using cephalometric radiographs. Among them
was a study done by Frostad et al.4 who found that the
overall size of the craniofacial complex was smaller in
DS subjects. Fink et al.5 concluded that the sagittal area
of the endocranium, the area of the midfacial region,
and the area of the mandible in subjects with DS is
significantly smaller than normal. Fischer-Brandies
et al.6 reported that both the maxilla and mandible in
DS patients exhibit hypoplasia at birth. In a subsequent
study, Fischer-Brandies7 revealed that the maxilla was
underdeveloped when compared to normal subjects.
Quintanilla et al.8 added that DS subjects usually
demonstrate reduction of the anterior skull base and
protrusion and proclination of lower incisors.

Recently, Suri et al.9 found that DS patients have a
larger cranial base angle, reduced elevation of sella
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from Frankfort horizontal plane, reduced anterior and
posterior cranial base lengths and facial heights,
smaller maxilla with reduced anterior basal and apical
dimensions, and smaller mandibular ramus and body.
Anterior open bite was frequently noted with a forward
rotation pattern of both maxillary and mandibular
planes. Alió et al.10 concluded that the maxilla in DS
subjects showed hypoplasia in both the vertical and
the sagittal planes, with a mean deficit of almost 10 mm
in the latter.

In Saudi Arabia, a relatively high incidence of DS
has been found with a prevalence of 1 in 554 live
births.11 With regard to the facial and oral character-
istics of Saudi DS subjects, only one study has been
reported so far describing them.12 Until today, no report
on the cephalometric features of DS subjects in Saudi
Arabia has been documented. Therefore, the aim of
this study was to investigate the cephalometric
features of DS subjects and to compare these findings
with normal control subjects. The results of this study
are expected to enhance the orthodontic diagnosis and
management of individuals with DS.

MATERIALS AND METHODS

Sample

Sixty Saudi DS patients of both genders (33 female,
27 male) 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 in King Saud
University, different hospitals, DS care centers, and
schools in Riyadh city (capital city of Saudi Arabia)
were visited. Families were contacted and the study
was explained to them. Those who agreed to
participate in the study were included.

All patients selected were proven to be affected by a
genetic abnormality based on chromosomal analysis by
karyotype test. This was found in the medical or school
files of each individual. The DS subjects were in good
general health, with the typical body characteristics of
DS individuals. All subjects in the study were living with
their families and not institutionalized. Once a consent
form was signed by the parents, lateral cephalometric

Figure 1. Cephalometric landmarks used in the study. Po indicates

porion; S, sella; Orb inf, orbita inferior; N, nasion; Ba, basion; B,

supramentale; pg, pogonion; Gn, gnathion; Me, menton; Ar,

articulare; Go, gonion; A, subspinale; ANS, anterior nasal spine;

Co, condylion; L1a, lower central root apex; L1i, lower central incisal

tip; U1i, upper central incisal tip; U1a, upper central root apex; sn,

subnasale; Pn, pronasale; Ls, labia superioris; Li, labia inferioris;

Pg9, soft tissue pogonion; U6 occ, occlusal surface of upper first

molar; L6 occ, occlusal surface of lower first molar; and PNS,

posterior nasal spine.

Table 1. Angular and Linear Cephalometric Measurements and

Their Definitions

Cephalometric

Measurements Definitions

Cranial base

SN length, mm The distance between sella point and

nasion: anterior cranial base length

SBa length, mm The distance between sella and basion:

posterior cranial base length

NSBa angle Posterior cranial base inclination

Sagittal skeletal

SNA angle Angle between cranial base to subspi-

nale (A-point)

SNB angle Angle between cranial base to supra-

mentale (B-point)

ANB angle Difference between SNA and SNB

Wits appraisal, mm AO-BO difference

Co-A, mm Effective length of the maxilla

Co-Gn, mm Effective length of the mandible

(A-Na perp), mm Distance between A point to nasion per-

pendicular on Frankfort horizontal plane

(Pg-Na perp), mm Distance between B point to nasion per-

pendicular on Frankfort horizontal plane

Vertical skeletal

PP-MP angle Palatal plane to mandibular plane angle

SN-MP angle Mandibular plane to cranial base angle

ANS-Me/N-Me, % Lower facial height in relation to total

facial height

Y-axis (SGn-SN) angle Cranial base to point gnathion

Ar-Go-Me angle Mandibular gonial angle

Dental

UI-NA angle and

distance

Upper incisors to NA line

LI-NB angle and

distance

Lower incisors to NB line

UI-LI angle Upper to lower incisors angle

Soft tissue

UL-E line Upper lip to E-line (esthetic line: soft

tissue pg to upper lip)

LL-E Line Lower lip to E-line

NLA (Col-Sn-UL) Nasolabial angle
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radiographs were taken at the College of Dentistry at
King Saud University using the Planmeca Proline EC
machine. The parameters for the machine were
standardized and routinely calibrated at a regular and
fixed schedule. The procedure for obtaining the
cephalometric radiographs was carried out by a well-
trained technician and the orthodontic resident.

In order to compare the DS subjects with a normal
group of subjects, 60 cephalometric radiographs of
normal controls matching the DS subjects in age and

gender (with specific inclusion criteria) were obtained
from the archives of the College of Dentistry.

The selection criteria for the control group were
based on the following:

N Subjects should be nonsyndromic.

N Subjects should have Class I skeletal relation, average
facial height, average overjet and overbite, no ex-
traction or congenital missing teeth, and no history of
orthodontic treatment.

N Subjects should have no known medical problems
such as growth, ear-nose-throat infections, or cervi-
cal or back problems.

Methods

The cephalometric radiographs of the DS subjects
and their controls were scanned using the Epson
Perfection V750-M Pro Scanner, (Epson perfection
V750-M ProScanner, Seiko Epson Corp, Tokyo, Japan)
then digitized and traced by one examiner using an
orthodontic imaging and management solutions soft-
ware (Dolphin 11 imaging and management solutions
software, Chatsworth, Calif). The linear measurements
were adjusted by entering the first two ruler points; this
allowed the software to adjust for magnification.13

Angular and linear measurements were obtained for
the hard and soft tissue. For intraexaminer reliability, 30
cephalometric radiographs (15 DS, 15 controls) were
randomly selected and analyzed twice within a 2-week
interval. Figure 1 shows the cephalometric landmarks
chosen. Table 1 displays the angular and linear
measurements that were used with their corresponding

Figure 2. Cranial base measurements: (SN length, SBa length, and

NSBa angle). Sagittal skeletal measurements: (SNA angle, SNB

angle, ANB angle, Wits appraisal, Co-A length, Co- Gn length, A-Na

perp, and Pg-Na perp).

Figure 3. Vertical skeletal measurements: (PP-MP angle, SN-MP

angle, ANS-Me/N-Me [%], Y-axis [SGn-SN] angle, and Ar-Go-Me

angle).

Figure 4. Dental measurements: (UI-NA angle and distance, LI-NB

angle and distance, and Ui-Li angles). Soft tissue measurements:

(NLA angle, UL-E line distance, and LL-E line distance).
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definitions, and Figures 2 through 4 show the cephalo-
metric measurements of the craniofacial complex.14–19

Figure 5a,b shows the cephalometric tracing of a Down
syndrome and a control subject, respectively.

Statistical Analysis

The data were entered in MS Excel and analyzed
using the SPSS Pc+ version 18.0 statistical soft-
ware. Descriptive statistics (mean, standard devia-
tion, and percentages) were used to describe the
quantitative and categorical variables. Student’s
t-test for two independent samples was used to
compare the mean values of quantitative variables
when the distribution of the data was symmetric.
The Mann-Whitney U-test was used to compare the
mean ranks of quantitative variables when the
distribution of the data was skewed. The reliability
of the readings of all study variables was measured
2 weeks apart by the same examiner for a random
sample of 15 DS subjects and 15 controls. A P value
of #.05 and 95% confidence intervals were used to
assess statistical significance and precision of the
estimates.

RESULTS

Reliability of Measurements

The Cronbach alpha was calculated to assess the
consistency between the two sets of measurements of
cranial base, sagittal skeletal, vertical skeletal, dental,
and soft tissue. The values obtained ranged from 0.80
to 0.95, which indicate a highly statistically significant
reliability of measurements.

Comparisons of the Craniofacial Analysis of DS
Subjects and Controls

In order to analyze the results that were obtained,
the cephalometric measurements were divided into
five separate entities: cranial base, sagittal skeletal,
vertical skeletal, dental, and soft tissue measurements.

(a) Cranial base measurements: There was a highly
statistically significant difference in the values of
the cranial base measurements SBa length, SN
length, and NSBa angle between DS subjects and
controls (Table 2). The values of SBa (P 5 .001)
and SN (P , .0001) were statistically significantly

Figure 5. (a) Cephalometric tracing of a 15-year old girl with DS. (b) Cephalometric tracing of a control of similar age and gender.

Table 2. Comparison of Mean Values of Cranial Base Measurements Between Down Syndrome (DS) Cases and Controlsa

Cranial Base

Measurements DS Cases (n 5 60) Controls (n 5 60) t Value P Value

95% Confidence

Interval of Mean

(SBa), mm 44.5 (3.3) 46.5 (3.3) 23.4 .001*** (23.3, 20.86)

(SN), mm 65.2 (4.4) 72.9 (3.6) 210.3 ,.0001**** (29.1, 26.1)

(NSBa), degrees 138.53 (3.86) 130.23 (1.96) 14.8 ,.0001**** (7.19, 9.40)

a Student’s t-test. Number in parenthesis is standard deviation.

*** P 5 .001; **** P , .0001.
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larger in controls than in the DS subjects, whereas
NSBa values of DS cases were significantly larger
than those of the controls (P , .0001).

(b) Sagittal skeletal measurements: A highly statisti-
cally significant difference in sagittal skeletal
measurements Co-A, ANB, and A-Na perp (P ,

.0001), and SNA (P 5 .002) of DS subjects and
controls was observed, where the measurements
of the controls were significantly larger than those
of the DS subjects (Table 3). In addition, the Wits
appraisal proved to be significantly different in the
DS subjects when compared to the controls (P 5

.006).The Co-Gn, SNB, and Pg-Na perp showed
no significant differences between DS subjects
and controls.

(c) Vertical skeletal measurements: There was a
highly statistically significant difference in the
vertical skeletal measurements SN-MP (P 5

.008), PP-MP (P 5 .037), ANS-Me/N-Me (P 5

.002), Y-axis (SGn-SN) (P , .001), and Ar-Go-Me
(P , .0001) of DS subjects and controls, where
the measurements of the DS subjects were larger
than those of the controls (Table 4).

(d) Dental measurements: Highly statistically signifi-
cant differences in U1-NA (P 5 .005), U1-NA mm,
L1-NB, and L1-NB mm (P , .0001) were noted
where the measurements of the DS subjects were
larger than those of the controls (Table 5).
However, the U1-L1 measurement of the controls

was statistically significantly larger than that of the
DS subjects (P , .0001).

(e) Soft tissue measurements: The control subjects
exhibited a highly statistically significant differ-
ence in the NLA, where the control values were
significantly larger than the DS subjects (P ,

.0001) (Table 6). On the other hand, a statistically
significant difference was observed between the
control and the DS group with LL-E and UL-E,
where the values of the DS subjects were
significantly larger than those of the controls (P
, .0001).

DISCUSSION

Down syndrome is the most common of all mal-
formation syndromes.1 It is the most recognized cause
of physical and intellectual disability with the highest
birth rate of all chromosomal abnormalities. In this
study, DS subjects were chosen in particular since
there is a relatively high incidence in Saudi Arabia with
1 in every 554 live births being affected.11 According to
Kumar et al.20 and Horbelt,21 the life expectancy of
these patients has increased significantly over the past
few years. With this decreased mortality rate and
increased incidence, the overall effect is a growing
population of DS individuals.

The results of the present research proved that
there were significant differences in the cephalometric

Table 3. Comparison of Mean Values and Median Values of Sagittal Skeletal Measurements Between Down Syndrome (DS) Cases

and Controlsa

Sagittal Skeletal

Measurements DS Cases (n 5 60) Controls (n 5 60) t Value P Value

95% Confidence

Interval of Mean

(Co-A), mm 85.7 (5.8) 92.7 (3.0) 28.3 ,.0001**** ( 28.7, 25.3)

(Co-Gn), mm 122.9 (5.1) 124.7 (5.4) 1.9 .06 (20.11, 3.7)

(SNA), degrees 81.9 (2.4) 83.3 (2.5) 23.2 .002** ( 22.3, 20.55)

(SNB), degrees 81.4 (3.0) 80.4 (2.7) 1.90 .06 (20.06, 2.02)

(ANB), degrees 0.54 (2.6) 3.1 (0.9)b – ,.0001**** –

(Wits), mm 21.75 (2.9) 20.47 (1.3)b – .006** –

(A-Na perp), mm 20.023 (1.64) 1.5 (1.43)b – ,.0001**** –

(Pg-Na perp), mm 22.00 (3.7) 22.94 (2.4)b – .16 –

a Student’s t-test. Number in parenthesis is standard deviation.
b Median (interquartile range); Mann-Whitney U-test used.

** P , .01; **** P , .0001.

Table 4. Comparison of Mean Values of Vertical Skeletal Measurements Between Down Syndrome (DS) Cases and Controlsa

Vertical Skeletal

Measurements DS Cases (n 5 60) Controls (n 5 60) t Value P Value

95% Confidence

Interval of Mean

(SN-MP), degrees 36.0 (5.1) 33.7 (4.4) 2.70 .008** (0.62, 4.0)

(PP-MP), degrees 29.7 (5.0) 27.9 (4.2) 2.11 .037* (0.11, 3.5)

ANS-Me/N-Me 58.0 (2.6) 56.6 (2.3) 3.2 .002** (0.55, 2.32)

Y-axis (SGn-SN), degrees 71.2 (4.6) 68.3 (3.0) 4.1 ,.001*** (1.5, 4.3)

(Ar-Go-Me), degrees 134.1 (6.9) 127.9 (3.4) 6.3 ,.0001**** (4.3, 8.2)

a Student’s t-test. Number in parenthesis is standard deviation.

* P , .05; ** P , .01; *** P , .001; **** P , .0001.
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findings in all the studied areas between the two
groups. The first part of the analysis concentrated on
measuring the length of the anterior (SN) and posterior
cranial base (SBa), and the inclination of the posterior
cranial base (SNBa) of the two study groups. Our
findings revealed that the angle of the cranial base was
more obtuse, and the length of the anterior and
posterior cranial bases was more reduced in DS
subjects when compared with normal subjects. This
is in agreement with Frostad et al.4 who found that the
overall size of the craniofacial complex was smaller in
the DS group at 4 years of age and remained smaller
into adulthood. Similarly, Fink et al.5 concluded that the
sagittal area of the endocranium is significantly smaller
than normal. More recently, Suri et al.9 found that the
angle of the cranial base was more obtuse, and the
anterior and posterior cranial base lengths were
reduced in DS subjects in comparison to the norm.
Alió et al.10 reported that growth in the cranial base of
DS patients is less than that in the general population.
They also found that the cranial base in DS patients is
flatter and shorter, which is in agreement with the
results presented here.

The second part of the analysis represents the
sagittal measurements of the maxilla and mandible of
both groups. The findings of the study revealed
significant differences regarding all measurements of
the maxilla (Co-A, SNA, A-Na perp) between the two
groups. The maxilla was found to be significantly
smaller and retrognathic in DS subjects in comparison
to controls. In addition, both the ANB angle and the
Wits appraisal illustrated significant differences as
well, with the tendency of DS subjects toward a Class
III skeletal relation. On the other hand, the mandibular

measurements did not show any significant differences
(Co-Gn, SNB, Pg-Na perp). Frostad et al.4 showed
supporting results regarding the maxilla. Their study
concluded that the overall size of the young DS
craniofacial complex was smaller, with the maxilla
being more retrognathic. Moreover, Fink et al.5 in their
investigation concluded that the area of the midfacial
region in subjects with DS was significantly smaller
than normal subjects. Fischer-Brandies7 and Suri
et al.9 found that the maxilla was smaller in Down
subjects similar to the present study. Finally, Alió
et al.10 concluded that the maxilla in DS subjects
showed hypoplasia in both the vertical and sagittal
planes, which is in agreement with the current study. In
contrast to the studies mentioned above, a study
performed by Quintanilla et al.8 found that the
craniofacial parameters for facial and maxillary depths
indicated average values within the clinical norm.

Regarding mandibular development, Quintanilla
et al.8 found similar results to our study in which the
mandible was not found to be affected by the
syndrome. However, Fink et al.5 and Suri et al.9 found
the mandible—although not to the extent of the
maxilla—was smaller in DS subjects.

When the vertical measurements (SN-MP, PP-MP,
ANS-Me/N-Me,Y-axis, Ar-Go-Me) were analyzed, sig-
nificant differences between the two groups were
found. A hyperdivergent mandible and increased lower
facial height with a skeletal open bite tendency can be
expected in DS subjects. This is contrary to the results
shown by Quintanilla et al.8 who revealed in their
analysis that DS subjects have a tendency toward a
normal mandibular growth pattern rather than vertical
growth. However, their study did not compare DS

Table 5. Comparison of Mean Values of Dental Measurements Between Down Syndrome (DS) Cases and Controlsa

Dental Measurements DS Cases (n 5 60) Controls (n 5 60) t Value P Value

95% Confidence

Interval of Mean

(U1-L1), degrees 116.0 (10.7) 127.0 (5.5) 27.4 ,.0001**** (214.7, 28.5)

(U1-NA), degrees 25.9 (6.9) 23.0 (3.9) 2.8 .005** (0.89, 4.97)

(U1-NA), mm 6.01 (2.8) 4.4 (1.8) 3.67 ,.0001**** (0.73, 2.45)

(L1-NB), degrees 35.1 (7.0) 25.8 (3.2) 9.2 ,.0001**** (7.2, 11.2)

L1-NB, mm 7.3 (2.7) 5.1 (1.7) 5.3 ,.0001**** (1.4, 3.0)

a Student’s t-test. Number in parenthesis is standard deviation.

** P , .01; **** P , .0001.

Table 6. Comparison of Mean Values and Median Values of Soft Tissue Measurements Between Down Syndrome (DS) Cases and Controls

Soft Tissue

Measurements DS Cases (n 5 60) Controls (n 5 60) t Value P Value

95% Confidence

Interval of Mean

(NLA), degrees 93.1 (14.1) 104.5 (7.9) 25.5 ,.0001**** (215.5, 27.2)

(LL-E), mm 4.9 (3.4) 20.04 (2.0)b – ,.0001**** –

(UL-E), mm 20.17 (3.2) 23.0 (1.8)b – ,.0001**** –

a Student’s t-test. Number in parenthesis is standard deviation.
b Median (interquartile range); Mann-Whitney U-test used.

**** P , .0001.
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subjects to matching controls. In addition, this differ-
ence could be related to a population dissimilarity.

When comparing the dental measurements of DS
subjects with the control group, significant differences
were found. Protruded and proclined upper and lower
incisors and hence, a decreased upper to lower incisor
angle was noted in the Down subjects when compared
to the normal controls. This is in agreement with Suri
et al.9 who found in their cephalometric analysis that DS
subjects have severely proclined upper incisors and
Quintanilla et al.8 who found that the lower incisors in the
Down subjects were protruded and proclined. Several
studies22–24 hypothesized that proclination of the anterior
teeth in DS subjects is related to the anterior position of
the tongue.18,19 Macroglossia has been reported previ-
ously, which in turn could have led to the increased
dental protrusion found in ours and other studies.12,25–28

Soft tissue comparative measurements of the present
study showed significant differences as well. A signif-
icantly smaller nasolabial angle and protruded upper
and lower lips were noted in Down subjects when
compared to controls. Ferrario et al.29 found similar
results in which the nasolabial angle was more acute,
and both upper and lower lips were more protruded and
prominent in Down subjects. A study performed by
Quintanilla et al.8 showed the same with regard to the
lips in which they were found to be more prominent in
DS subjects. However, Sforza et al.30 reported that the
nasolabial angle in DS subjects was actually increased,
with a more obtuse angle. This difference could be due
to the ethnic background of the subjects since this was
done on a Northern Sudanese sample.

CONCLUSIONS

It can be concluded from this study that:

N DS subjects present with a shorter anterior and
posterior cranial base length and a backward rotation
of the posterior cranial base.

N The maxilla of DS subjects is usually deficient, which
predisposes them to a Class III pattern.

N Lower facial height is usually increased in DS
patients with an increase in the mandibular plane
angle and a tendency to skeletal open bite.

N Bimaxillary dental protrusion is evident in DS subjects
with protruded and proclined upper and lower incisors.
Hence, an acute nasolabial angle with protruded upper
and lower lips can be expected in these subjects.
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