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Abstract
Objective: Thalassemia (TH) is a genetic disorder of hemoglobin synthesis caused by the absence
or reduced synthesis of globin chains which causes different craniofacial effects. The purpose of
this study is to evaluate the skeletal, dental and soft tissue cephalometric features of TH patients.
Materials and Methods: Present study consisted of lateral cephalometric images obtained from
CBCT scans of 25 TH (mean age: 13,7±3,8 years) and 50 normal (mean age: 13,9±1,81 years)
individuals. An Independent sample t was used to compare the cephalometric measurements.
Results: TH patients revealed a high angle Class II pattern (SnGoMe, Sum p<0,01, ANSPNS/GoMe, ANB, p<0,001) caused by retruded mandible (SNB, SNPog, p<0,001) with retrusive
upper (U1-Na°, p<0,01, U1-Na mm p<0,001) and protrusive lower incisors (L1Nb °, p<0,001,
IMPA, p<0,05, L1Nb mm, p<0,01). Except the S-N length (p>0.05), all craniofacial parameters (SAr p<0,05, S-Go p<0,01, Ar-Go, N-Me p<0,05, Go-Me, S-Go/N-Me p<0,001) of TH patients’
found significantly smaller than that obtained from normal individuals. On the contrary ANS-PNS
parameter (p<0,01) was found significantly bigger in TH patients’. In addition TH patients have
protrusive upper (p<0,05) and lower lips (p<0,01) accompanied with an increased nasolabial angle
(p<0,01) when compared with normal individuals.
Conclusion: A high angle Class II pattern caused by the retrusion and clockwise rotation of
mandible accompanied with retrusive upper, protrusive lower incisors and protrusive upper and
lower lips may be considered the most common craniofacial features of TH patients.
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INTRODUCTION
Thalassemia (TH) also called Mediterranean anemia is a genetic disorder of hemoglobin
synthesis caused by the absence or reduced synthesis of globin chains. Different classifications were
made such as TH major, minor and intermediate or α and β TH according to the genetic and clinical
findings or affected globin chains.1,2 TH minor characterized mild morphologic abnormalities
whereas TH major presented a life threatening disease with severe clinical symptoms and orofacial
deformations which required blood transfusion.1
Abnormal globin chain synthesis leads to anemia, hepatosplenomegaly and ineffective
erythropoesis which result in expansion of the bone marrow.3,4 Growth and development retardation
is a common finding in TH patients. Possible causes of retardation are chronic anemia5,
hyperparathyroidism6 and somatomedin deficiency7 which stimulates the cartilage growth.
According to the reports of the previous studies, severity of the TH effects depends on the
severity of the anemia, patient’s age, duration of clinical symptoms, timing of both therapeutic
blood transfusion and splenectomy.5,8 It has been reported that transfusion therapy would reduced
or, indeed prevent development of bony abnormalities in growing patients.8,9 However according to
Sun10 the prognosis is very poor in β TH. Cannell11 reported the life expectancy of these patients
under the best medical management, rarely greater than 30 years of age.
Some studies revealed that the carrier rate reaches 60 per cent12,13 in south-east Asian
countries. It has been reported that for each year 120- 350 patients are born with TH in Malaysia.14
According to another study 1500 individuals were affected by TH in Iran.15 Cavdar and Arcasoy16
reported that the incidence of β TH in Turkish population is 1.66%. Thus, TH may be considered a
common public health problem around Asian region.
Oral mucosa displayed a characteristic pallor in TH major. The gingival tissues appeared
thin and pale but are often otherwise normal. The incidence of gingivitis in children with the disease
seems likely related to local factors such as poor oral hygiene, malocclusion and drying of the
gingiva through the patient’s inability to close his mouth over the protruding teeth. The chronic
anoxemia may in some cases predispose to gingival disorders.9
The craniofacial features of TH patients from different countries were described in several
studies.17-24 Although some of them23,24 were mainly based on observation, most of these studies
reported a high angle Class II skeletal growth pattern with a significantly increased ANB angle.19-22
However mild skeletal Class II and maxillary protrusion were also determined.17,18 All of these
studies used traditional cephalometric radiographs which may have some possible disadvantages
such as distortion and magnification errors.25 With the introduction of Cone-Beam Computed
Tomography (CBCT) systems in 1990s 26, creating 3D anatomically true images has become
available.27 In recent years CBCT systems has been widely used due to the advantages such as,
providing lower radiation dose and lower prices when compared with conventional CT systems. 28,29
Orientation of the craniofacial structures with using CBCT images via some software may
considered as an advantage to reduce the superposition. Thus more accurate data obtained from
cephalometric evaluations.
The purpose of this study is to evaluate the skeletal, dental and soft tissue cephalometric
features of TH patients and compare these findings with Class I normal individuals with using
oriented lateral cephalograms which obtained from CBCT images.
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MATERIAL-METHOD
The present study consisted of lateral cephalometric images obtained from CBCT scans of
25 TH (13 females and 12 males, aged between 10,1-27,9 years) patients with the mean age of
13,7±3,8 years whom referred to Periodontology Department of Faculty of Dentistry, Dicle
University as a part of their periodontal treatment. The control group was consisted of 50 patients
(23 females and 22 males) with the mean age of 13,9±1,81 years. Patients who had orthodontic
treatment or any other acquired developmental or congenital craniofacial deformities were not
included. Due to the limited sample size and insignificant age and cephalometric differences
between sexes, male and female measurements in each group were pooled.
In our university all patients have to sign in an informed consent form before CBCT
exposure. CBCT scans of TH patients were provided for another research and the ethical approval
had already been obtained from the Ethical Committee of the Dicle University (DUD-FEK
2009/21). CBCT scans used in control group were selected from the archive of radiology
department thus ethics committee approval was not needed.
All CBCT images were acquired with an i-CAT 3D imaging device (Imaging Sciences
International, Hatfield, Pa). The device was set for 5.0 mA and 120 kV. A 9.6-second scan with a
single 360 degree rotation created images with a voxel size of 0.3 mm. As a routine image exposure
protocol, the patients’ heads were oriented by adjusting the Frankfort plane parallel to the horizontal
plane, and the CBCT scans were taken while the patients bite into maximum intercuspation.
Due to the cephalometric analysis of groups, Digital Imaging and Communications in
Medicine (DICOM) files obtained from the CBCT scans were exported to the Dolphin 11.0
(Dolphin Imaging, Chatsworth, Calif, USA) Imaging software. Cephalograms were first oriented
with using the 3D module of the software according to the Frankfort horizontal and midsagittal
plane. Thus, superposition and unwanted angulations were minimized.
Cephalometric radiographs obtained from the groups were analyzed by using Dolphin
software. A customized analysis that was a combination of Jarabak, Björk, Eastman and Steiner
analysis was used. Thirty angular and linear (16 angular, 14 linear) measurements were chosen to
identify the differences between groups Table 1. The landmarks and planes used in this study are
shown in Figure 1.
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Figure 1. Cephalometric landmarks and points. N: Nasion, the most anterior point of the frontonasal suture in the
midsagittal plane; S = Sella, The centre of sella turcica; Ar = Articulare, a point at the intersection of the image of the
posterior margin of the ramus and the outer margin of the cranial base; Go = Gonion, a point at the intersection of lines
tangent to the posterior border of the ramus (articulare–superior gonion; Sup. Go) and the lower border of the mandible
(menton–inferior gonion; Inf. Go); Me = menton, the most inferior point of the outline of the symphysis in the
midsagittal plane; Gn = gnathion, the most anterior inferior point of the bony chin; Pog = pogonion, the most anterior
point of the bony chin in the midsagittal plane; B point = The deepest point on the outer contour of the mandible; A = A
point, the deepest midline point on the anterior outer contour of the maxillary alveolar process; ANS = anterior nasal
spine, the most anterior point of the tip of the anterior nasal spine in the midsagittal plane; PNS = posterior nasal spine;
Na Plane= Plane running through Nasion and A point; Nb Plane: Plane running through Nasion and B point; L1 =
Lower incisal constructed between mandibular incisal tip and its apex; U1 = Upper incisor constructed between
maxillary incisal tip of and its apex; Pog’ = Soft tissue pogonion, the most anterior point on the soft tissue chin; Li =
Labrale inferius, the muco-cutaneous border of the lower lip; Ls = Labrale superius, point on the muco-cutaneous
junction of upper lip and philtrum; Sn = Subnasale, point at which the nasal septum merges with the upper cutaneous lip
in the midsagittal plane; Cm = Columella, the most anterior point on the columella of the nose; Pn = Pronasale, the most
prominent point on the tip of the nose. Maxillary plane = Plane running through ANS and PNS; Mandibular plane =
Plane running through points Me and Go; E plane = Plane running through points Pn and Pog’
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Table 1. Defination of the cephalometric measurements.

Measurement

Definition

Angular
SNA (°)

Angle between point A and anterior cranial base (S–N)

SNB (°)

Angle between point A, nasion, and point B

ANB (°)

Angle between point A, nasion and point B

SnPog (°)

Angle between anterior cranial base and pogonion

NSAr (°)

Angle between points nasion,sella and articulare

ArGoMe (°)

Angle between points articulare, gonion, and menton

SArGo (°)

Angle between points sella, articulare and gonion

Sum (°)

Sum of the angles NSAr, SArGo and ArGoMe

SnGoMe (°)

Angle between cranial base and mandibular plane

Sn/ANS-PNS (°)

Angle between cranial base and maxillary plane

ANS-PNS/Go-Me (°)

Angle between maxillary plane and mandibular plane

U1-Na (°)

Angle between upper incisor and Na plane

L1Nb (°)

Angle between lower incisor and Na plane

U1L1 (°)

Angle between upper incisor and lower incisor

IMPA (°)

Angle between lower incisor and mandibular plane

Nasolabial Angle (°)

Angle between columella, subnasale, and labrale superius

Linear
S-N (mm)

Anterior cranial base length

S-Ar (mm)

Posterior cranial base length

S-Go (mm)

Posterior Face Height (PFH) between S point and Go point

Ar-Go (mm)

Mandibular ramus height

Go-Me (mm)

Distance between Go point and Me point

ANS-PNS (mm)

Length of the maxillary base between anterior and posterior nasal spine

N-ME (mm)

Anterior Face Height (AFH) between N point and Me point

PFH:AFH (%)

Ratio between anterior and posterior face height

U1NA (mm)

Distance between Upper incisor and Na plane

L1NB (mm)

Distance between Lower incisor and Nb plane

OVERJET (mm)

Sagittal distance between the incisal edges of the most prominent upper and
lower incisors.

OVERBİTE (mm)

Vertical distance between the incisal edges of upper and lower incisors.

Upper lip to E line (mm)

The distance of the upper lip to E plane measured at the right angle from
labrale superior to E plane

Lower lip to E line (mm)

The distance of the lower lip to E plane measured at the right angles from
labrale inferior to E plane
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Method Error
For method error evaluation, randomly selected 15 cephalograms from each group were retraced after 4 weeks by the same examiner (A.A.). Paired sample t test was not showed any
significant differences between repeated measurements (p>0,05). The degree of reproducibility of
measurements using intraclass correlation coefficient, to detect any random error, showed good
reproducibility with a minimum value of 0.743.
Statistical Analysis
Descriptive statistics, including the mean, standard deviation (SD), and difference between
the means for each group, were analyzed with using the Statistical Package for Social Sciences
version 16.0 (SPSS Inc., Chicago, Illinois, USA). An Independent sample t test was used for
comparison of cephalometric measurements, with p<0,05 set as the level of significance.
RESULTS
Descriptive statistics including means, standard deviations, mean differences and
comparison of the cephalometric measurements between groups are given in Table 2. According to
the results of Independent Sample t test, 21 of the 30 parameters showed statistically significant
differences.
Skeletal Parameters
Significant differences among groups were observed which reflected a high angle (SnGoMe
p<0,01, ANS-PNS/GoMe p<0,001, Sum p<0,01) Class II (ANB, p<0,001) pattern caused by a
retruded chin position (SNPog, p<0,001) and mandible (SNB, p<0,001) in TH patients. In addition,
all linear measurements (S-Ar p<0,05, S-Go p<0,01, Ar-Go p<0,05, Go-Me p<0,001, N-Me
p<0,05, S-Go/N-Me p<0,001) except S-N parameter were found significantly lower in TH patients.
On the contrary ANS-PNS (p<0,01) parameter was found significantly higher in TH patients than
controls.
Dental Parameters
Dentoalveolar relationship showed a significant retrusion of upper incisors (U1-Na°,
p<0,01) accompanied with a backward position according to their bony basis (U1-Na mm p<0,001).
However significant protrusion of lower incisors (L1Nb °, p<0,001, IMPA, p<0,05) accompanied
with a forward position according to their bony basis (L1Nb mm, p<0,01) was observed in TH
patients when compared with controls. No significant differences were observed in U1-L1, Overjet
and Overbite parameters.
Soft Tissue Parameters:
Soft tissue analysis revealed proclined position of the upper (Upperlip to E line, p<0,05) and
lower lips (Lowerlip to E line, p<0,01) according to the E line accompanied with an increased
nasolabial angle (p<0,01) in TH patients.
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Table 2. Descriptive statistics and comparison of the cephalometric measurements between groups.

DISCUSSION
The sagittal angular parameters of TH patients obtained from the present study revealed a
Class II relationship with an increased ANB angle (p<0,001) accompanied with a retrusive
mandible (SNB, p<0,001) and chin position (SNPog, p<0,001) when compared with normal
individuals. These findings are in accordance with the previous studies.19-22 Although Ahmed
Toman et al17 reported a slightly increased ANB angle, the mean SNA and SNB angles of the
control group was 88,2° and 84,9° respectively which may considered as bimaxillary protrusion.
The increased ANB angle obtained from the present study may be a result of short mandibular
corpus length20,21 (S-Go, p<0,01), clockwise rotation of mandible20 (SnGoMe, p<0,01) and reduced
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posterior cranial base21 (S-Ar, p<0,05). It has been reported that a sagittal over growth of the
maxilla occurs in TH patients due to its’ composition, involving more cancellous bone-containing
marrow spaces than the mandible.5,9,23 However, only an insignificant increase tendency was
observed in SNA parameter of TH group from the present study. But significantly increased ANSPNS (p<0,01) measurement from TH group may be considered as a sagittal growth tendency of
maxilla.
The significantly increased vertical angular parameters such as SN-GoMe (p<0,01), ANSPNS/Go-Me (p<0.001) and Sum of angles accompanied with a decreased mandibular ramus (ArGo, p<0.05) and posterior cranial base length (S-Ar, p<0.05 ) showed a high angle pattern of TH
patients when compared with normal individuals. Although not statistically significant, larger NSAr
and ArGoMe angles were also obtained from TH patients. These findings are in accordance with the
result of the previous studies.19-22 Vertical growth pattern of TH patients may be a result of
muscular weakness8 as well as deficient condyler and ramus growth.21 Another possible cause of
vertical growth pattern in TH patients may be the mouth breathing which reported from the
previous studies.22 Mouth breathing leads to the lower position of the tongue in the oral cavity thus
force balance of the facial muscles changed when compared with nasal breathers.30 Some
studies31,32 reported that clockwise rotation of the mandible is a common finding in oral breathing
patients.
Present study showed a significant reduction in anterior and posterior face length as well as
jarabak ratio in TH patients when compared with controls. The results of the previous studies 17,19,20
were in accordance with the result of this study. However our results are different from the results
of Bassimitci et al22 who reported no significant differences between the TH and control group in
the measurements of total and lower posterior face height while anterior face height was increased.
All linear cranial measurements except the S-N and ANS-PNS parameters of TH patients obtained
from the present study were smaller than that obtained from the control group. Some studies
reported that TH has a retarding effect on general skeletal maturation according to the hand-wrist
radiographs.33,34 The reduced linear measurements including anterior and posterior face height may
be related with the general growth retardation due to the chronic anaemia5, hyperparathyroidism6
and somatomedin7 deficiency which may cause deficient condyler and ramus growth.21 Another
possible cause of significantly reduced Jarabak ratio may be related with oral breathing of TH
patients’. Bakor et al35 evaluated the craniofacial growth variations in nasal breathing, oral
breathing and tracheotomized children and reported an increased SN-GoMe angle while significant
reduction of Jarabak ratio occurred in oral breathing children.
Significant retrusion of upper maxillary incisor and protrusion of lower incisors were
determined from TH patients. Similar results are obtained from the previous19-21 studies. Although
Abu Alhaija et al20 reported no significant dentoalveolar differences between TH and controls they
also emphasized an upright or retroclined upper incisors tendency in some TH cases. Although
Ahmed Toman et al17 reported no significant dentoalveolar differences except the upper incisors of
TH patients which were less proclined, the mean IMPA calculated from the control group was 96°.
The mean IMPA, calculated from the control group of the present study is 88,89° which may
considered within normal range. Retrusion of upper incisors and protrusion of lower incisors
determined from TH patients of present study may be a result of dentoalveolar compensation
mechanism due to the Class II malocculusion which maintains the normal interarch relationship.36
Thus no significant differences observed in overjet, overbite and interincisal angle parameters may
be explained by retrusion of upper and protrusion of lower incisors which may also considered as a
dentoalveolar compensation mechanism.
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TH patients showed more proclined upper (p<0.05) and lower lip position (p<0.01)
accompanied with a larger nasolabial angle (p<0.01) when compared with controls. Similar results
obtained from the study of Ahmed Toman et al17 and Bassimitci et al22. Lip position is affected by
the placement and inclinations of maxillary and mandibular incisors. Likewise, nasolabial angle is
affected by maxilla, maxillary anterior teeth angulation, nasal anatomy and the upper lip
thickness.37 Larger nasolabial angle and proclined lower lip position may be explained by
significant retrusion of upper incisors and protrusion of lower incisors respectively. However upper
lip proclination could not be explained by upper incisor retrusion. Depressed nose17 together with a
retrognatic chin position which caused the retro position of upper and lower points’ of the E plane
may explain the proclined upper and lower lips in TH patients’.
CONCLUSION
According to the results of the present study it may be concluded that a skeletal high angle
Class II pattern due to a retrognatic mandible and chin accompanied with reduced craniofacial
measurements and retrusive upper and protrusive lower incisors are the most common craniofacial
features of the TH patients when compared with Class I normal individuals.
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