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Abstract. - OBJECTIVE: Glucose-6-phos-
phate dehydrogenase (G6PD) deficiency, Thal-
assemia (THL), and Sickle cell anemia (SCA) are
the most common inherited hematologic dis-
eases globally. It is important to understand the
skeletal and dental manifestations in orthodon-
tic treatment. This study aimed at assessing and
comparing skeletal and dental manifestations of
G6PD deficiency, THL, and SCA patients with
healthy controls in Saudi Arabia.

SUBJECTS AND METHODS: This is a retro-
spective study of G6PD deficient, THL, and SCA
patients’ cephalometric records in Saudi Arabia.
This study included 136 subjects (G6PD=34,
THL=34, SCA=34, and healthy control=34), aged
between 18-32 years. 17 skeletal, dental, and soft
tissue cephalometric measurements obtained
from the G6PD, THL, and SCA were compared to
control measurements using ANOVA and Tukey’s
HSD post-hoc test.

RESULTS: Intra-class correlation ranged between
(ICC: 0.971-0.996), indicating excellent reliability of
measurements. A statistically significant difference
in skeletal, dental, and soft tissue measurements
between each condition and controls was observed,
except for Wits, PP-MP, Y-axis, UI-SN, NLA, and LI-E
line in SCA, FMA, ANS-Me, UI-SN, and LI-A Pog in
G6PD and Wits, Y-axis, UI-SN, UI-NA, LI-MP, LI-Apog
and UI-E line in THL group (p>0.05).

CONCLUSIONS: SCA and THL patients showed
class Il skeletal patterns, while class lll skeletal re-
lationship was evident in patients with G6PD defi-
ciency.
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Introduction

Glucose-6-phosphate dehydrogenase (G6PD)
deficiency, Thalassemia (THL), and sickle cell ane-
mia (SCA) are the most common inherited hemato-
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logic diseases globally. These conditions accompa-
ny several dental and skeletal manifestations, such
as maxillary incisor proclination and skeletal class
IT malocclusion, subsequent to the maxillary pro-
trusion in THL and impacted and abnormal man-
dible growth in patients with both THL and SCA.
These deformities may affect the patient’s appear-
ance and orthodontic treatment options'=.

GO6PD deficiency is the most common enzymat-
ic disorder of red blood cells, affecting 400 million
people worldwide. It is a group of X-linked, he-
reditary genetic disorders caused by mutations in
the G6PD gene. These mutations result in protein
variants with decreased levels of enzyme activities
and are correlated with a wide range of biochemi-
cal and clinical phenotypes*. In people with G6PD
deficiency, the red blood cells (RBC) do not make
enough G6PD, or what is produced cannot function
properly. Without enough G6PD to protect RBCs,
they can be damaged or destroyed. Hemolytic ane-
mia occurs when the bone marrow fails to com-
pensate for this destruction by increasing its RBC
production®. This disorder is especially prevalent
in certain parts of Africa, Europe, the Middle East,
Southeast Asia, the Pacific Islands, and the Medi-
terranean®. The Mediterranean mutation is one of
the most prevalent mutations, producing G6PD de-
ficiency in Egyptian favism children’.

THL is a genetic disorder that remains a pub-
lic health challenge in many countries worldwide,
with a high prevalence, especially in the Mediter-
ranean, Middle East, and South-East Asia®. THL,
described in 1927 by Cooley et al’ presents the
thickening of the cranial bones. THL patients usu-
ally present with skeletal class II malocclusion
due to maxillary prognathism'®. However, it has
been found that THL patients may suffer from
growth retardation of the mandible and increased
vertical growth''2,
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In SCA, red blood cells (RBCs) are destroyed
with a characteristic sickled appearance under the
microscope. It is a class of chronic, recessively
inherited red blood diseases characterized by ab-
normal hemoglobin'®. SCA is a significant global
health problem affecting about 400,000 infants
yearly'*. Over time, SCA produces various muscu-
loskeletal abnormalities. Familiarity with the imag-
ing features of SCA is essential for diagnosing and
managing complications. Ischemia and infarction
are common complications that may have long-
term effects on the growth of bone; these condi-
tions have characteristic radiographic appearanc-
es. Infection may be more difficult to identify'’.
International researchers have found that the SCA
condition is connected with class Il skeletal charac-
teristics. This class II pattern is mainly due to man-
dibular retrusion and clockwise rotation (posterior
rotation) rather than the maxillary protrusion''¢!.

Many previously published studies'®?° ad-
dressed the facial features of SCA and THL
patients individually, but none explored or con-
trasted this with G6PD deficiency. Since no
previous studies have focused on the skeletal
and dental manifestations of G6PD patients
and none have compared the skeletal and den-
tal manifestations of these three conditions, it
is necessary to gain a greater understanding of
the skeletal and dental manifestations of G6PD
deficiency, THL, and SCA patients and com-
pare them with healthy control subjects. There-
fore, recognizing these diseases’ craniofacial
and dental manifestations is essential since it
strongly influences proper orthodontic manage-
ment. Hence, this study aimed at assessing and
comparing the skeletal and dental manifesta-
tions of G6PD deficiency, THL, and SCA pa-
tients with healthy controls in Saudi Arabia.

Subjects and Methods

This retrospective study was registered at the
Research Centre at Riyadh Elm University, Riyadh,
Saudi Arabia, and approved by the institutional re-
view board (FPGRP/2020/492/267/278). It was per-
formed at the Division of Orthodontics in different
governmental and private hospitals in different re-
gions (Central, North, South, East, and West) of Sau-
di Arabia between September 2020 and June 2021.

Sampling

The study sample used a convenient sampling
of G6PD deficient, Thalassemia, sickle cell ane-
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mic patients, and controls. Lateral cephalometric
radiographs of study participants were collect-
ed from hospitals in different regions (Central,
North, South, East, and West) in the Kingdom of
Saudi Arabia.

Sample Size and Grouping

The sample size was calculated using previ-
ously reported means and standard deviations of
Sella-Gonion of two groups: the thalassemia group
(Mean=66.35, SD=5.38) and the control group
(Mean=71.05, SD=9.34) (Amini et al'?). Alpha
level was set at 0.05, power (1-Beta) = 0.8, and
the effect size was found to be 0.616662. The sam-
ple size was determined using G*Power software
(Heinrich Heine Universitit Diisseldorf, Diissel-
dorf, Germany) to be 34 individuals per group.

Each patient was matched with a normal con-
trol based on chronological age and sex. Both the
sample and the control group were of the same
ethnic origin since all of them were native-born
Saudis. All 136 lateral cephalograms were taken
from previous records under standardized condi-
tions with the teeth in occlusion and lips in a re-
laxed position.

Eligibility criteria

Inclusion criteria

- Male and female adult Saudi citizens with the
age range of 18-32 years;

- Absence of any craniofacial syndrome;

- No history of orthodontic or orthopedic treatment;

- No history of permanent tooth extractions;

- Diagnosed with G6PD deficiency or Thalas-
semia or SCA.

The control group had a class I skeletal relation-
ship, no history of orthodontic treatment, nor
present with any craniofacial anomalies.

Exclusion criteria

- Non-Saudi residents;

- Presence of any craniofacial syndrome;

- History of orthodontic or orthopedic treatment;

- History of permanent tooth extractions;

- Control group with Class 11 and Class III skeletal
relationship;

- Poor quality cephalograms.

Measurements

Tracing of the lateral cephalometric radiographs
for 17 linear and angular cephalometric parameters
defining craniofacial morphology was carried out.
Nine skeletal (SNA, SNB, ANB, Wits, PP-MP, FMA,
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Table I. The description of cephalometric variables utilized in this study.

Variable Landmark Description

Skeletal SNA Sella-Nasion-point A
SNB Sella-Nasion-point B
ANB ANB angle
Wits Wits appraisal
PP-MP palatal plane to mandibular plane angle
FMA Frankford horizontal to a mandibular plane angle
Y-axis Sella-Gnathion to Frankfort horizontal
ANS-Me Lower anterior facial height
ANS-Me/N-Me Lower to total facial height

Dental UI-PP Upper incisors to palatal plane angle
UI-SN Upper incisors to Sella Nasion
UI-NA Upper incisors to Nasion-A point
LI-MP Lower incisors to mandibular plane
LI-A Pog Lower incisors to A pogonion

Soft tissue Cotg-Sn-Ls NLA Nasolabial line
UI-E line Upper incisors to aesthetic line
LI-E line Lower incisors to aesthetic line

Y-axis, ANS-Me, ANS-Me/N-Me), five dentoalve-
olar (UI-PP, UI-SN, UI-NA, LI-MP, LI-A Pog), and
three soft-tissue (Cotg-Sn-Ls, UI-E line, LI-E line).
Tracing was performed using Quick Ceph Studio
software 5.0.2 (San Diego, CA, USA). Cephalometric
variables and their description are shown in Table I.

Intra and Inter-Examiner Reliability

Intra-examiner consistency was determined by
tracing 20 cephalometric radiographs for 17 land-
marks then retracing the same radiographs one week
later by the same examiner. The two readings for each
landmark were recorded and compared using the
intraclass correlation coefficient. Similarly, inter-ex-
aminer reliability was determined by comparing the
examiner’s tracing to that of an orthodontic specialist
having more than eight years of experience.

Statistical Analysis

Descriptive statistics of frequency distribution,
mean, standard deviation (SD), and the difference
between means for each group were calculated
across the study variables. The mean values of

the normally distributed cephalometric variables
were compared among G6PD, SCA, THL, and
control groups using ANOVA (Analysis of vari-
ance) with Tukey’s post-hoc tests. All Statistical
tests were performed using the Statistical Package
for Social Science (SPSS, IBM Corp., Version 20,
Armonk, NY, USA). The level of significance for
all the statistical tests was kept at p<0.05.

Results

One-hundred and thirty-six (n=136) lateral
cephalometric radiographs of the participants who
met the eligibility criteria were included in this
study and divided into four groups: G6PD defi-
ciency (n=34), thalassemia (n=34), SCA (n=34),
and control (n=34) groups. The demographic data
of the study participants are shown in Table II.

Intra-class correlation ranged between (ICC:
0.971-0.996), indicating excellent reliability be-
tween the initial measurements and after two
weeks, as shown in Table III.

Table Il. Descriptive statistics showing age and gender distribution.

o Male Female Age Mean
Conditions n (%) n (%) Total (SD)
G6PD deficiency 20 (58.8) 14 (41.2) 34 23.50 (3.25)
SCA 21 (61.8) 13 (38.2%) 34 24.41 (4.36)
Thalassemia 12 (35.3) 22 (64.7%) 34 23.64 (4.35)
Control 19 (55.9) 15 (44.1%) 34 23.0 (4.26)
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Table Ill. Intra-examiner reliability tests for each variable
using inter-class correlation coefficient.

Landmark Correlation coefficient P

SAN 0.985 <0.001
SNB 0.979 <0.001
ANB 0.989 <0.001
Wits 0.996 <0.001
PP-MP 0.992 <0.001
FMA 0.995 <0.001
Y-Axis 0.986 <0.001
ANS-Me 0.984 <0.001
LAFH 0.971 <0.001
UI-MP 0.989 <0.001
UI-SN 0.984 <0.001
UI-NA 0.991 <0.001
LI-MP 0.996 <0.001
LI-Apog 0.991 <0.001
NLA 0.992 <0.001
UI-E line 0.993 <0.001
LI-E line 0.995 <0.001

When the mean and standard deviation values
of cephalometric variables were compared among
different conditions (control, SCA, THL, and
G6PD), statistically significant differences were
observed, except for UI-SN, as shown in Table IV.
There were significant differences between the
SCA group and the control group for SNA, SNB,

ANB, FMA, ANS-Me, ANS-Me/N-Me, UI-PP,
UI-NA, LI-MP, LI-A Pog, and UI-E line (p<0.05).
However, no significant differences in Wits, PP-
MP, the Y-axis, UI-SN, NLA, and the LI-E line
were observed between the SCA group and the
control group (p>0.05). Likewise, SNA, SNB,
ANB, Wits, PP-MP, Y-axis, ANS-Me/N-Me,
UI-PP, UI-NA, LI-MP, NLA, UI-E line, and LI-
E-line significantly differed between the control
group and G6PD deficiency group (p<0.05). On
the contrary, no significant differences were iden-
tified between FMA, ANS-Me, UI-SN, and LI-A
Pog (p>0.05). Similarly, the THL group differed
significantly from the control group concerning
SNA, SNB, ANB, PP-MP, FMA, ANS-Me, ANS-
Me/N-Me, UI-PP, NLA, and LI-E-line (p<0.05).
While Wits, Y-axis, UI-SN, UI-NA, LI-MP, LI-
Apog, and UI-E line all showed no significant dif-
ference (p>0.05). A Comparison of skeletal, den-
tal, and soft tissue measurements between control
and each condition using ANOVA and Tukey’s
HSD post-hoc test is shown in Table I'V.

SCA and THL groups have similar class 11
skeletal patterns due to retruded mandible and
vertical basal configuration with increased lower
facial height and proclined upper incisors to pal-
atal plane angle. However, it differed around the
position of the upper incisors to NA. In SCA pa-

Table IV. Comparison of skeletal, dental, and soft tissue measurements among different groups.

Control SCA THL G6PD The significant mean difference
. A B C D between groups
VATELIES = (Pairwise comparisons
Mean (SD) Mean (SD) Mean (SD) Mean (SD) using Tukey’s test)
SNA 80.9 (1.5) 83.1(2.1) 82.2(0.48) 78.0(0.21) <0.001 Avs. B;Avs. C;Avs. D;Bvs. D; Cvs. D
SNB 78.5(1.36) 74.6(1.53) 75.1(1.47) 82.2(2.19) <0.001 Avs.B;Avs.C;Avs.D;Bvs.D;Cvs. D
ANB 3.98(0.87) 6.45(1.00) 6.17(0.97) -1.85(0.76) <0.001 Avs. B;Avs. C;Avs. D;Bvs. D; Cvs. D
Wits 0.56 (1.78)  0.36 (2.59) -0.13(2.51) -3.39(0.79) <0.001 Avs. C;Avs. D; Bvs. D; Cvs. D
PP-MP 2536 (2.32) 26.98 (4.42) 31.69 (3.43) 23.00(1.13) <0.001 Avs. C;Avs. D;Bvs. C;Bvs. D;Cvs. D
FMA 26.70 (3.85) 29.57 (4.34) 28.97 (3.05) 24.83(1.43) <0.001 Avs. B;Avs. C;Bvs. D; Cvs. D
Y-axis 63.53 (4.62) 62.38 (3.45) 62.62(4.07) 58.98 (0.82) <0.001 Avs.D;Bvs. D; Cvs. D
ANS-Me  63.56(3.43) 67.89 (2.19) 66.76 (3.24) 62.56 (1.07) <0.001 Avs. B;Avs. C;Bvs. D; Cvs. D
QES'MW' 5597 (2.01) 6038 (3.35) 58.56(0.37) 54.42(0.99) <0.001 AV BiAvs G ‘EVVSS‘%B vs. G Bvs. D;
UI-PP 111.76 (5.61) 116.81 (4.39) 115.00 (3.72) 116.12 (4.42) <0.001 Avs. B;Avs. C;Avs. D; Cvs. D
UI-SN 106.44 (6.41) 107.53 (4.82) 107.89 (3.23) 106.99 (2.53) 0.571 -
UI-NA 5.51(2.17)  8.00(2.74) 6.07 (1.36) 10.77 (0.85) <0.001 Avs.B;Avs. D;Bvs. C;Bvs. D; Cvs. D
LI-MP 3.58(3.41) 9.16(2.95) 5.45(4.06) -2.20(1.86) <0.001 Avs. B;Avs. D;Bvs. C;Bvs. D;Cvs. D
LI-A Pog 1.71(3.22) 4.49(3.79) 3.57(3.29) 2.19(1.58) 0.001 Avs. B;Avs. C;Bvs. C; Bvs. D
NLA 100.56 (6.83) 101.77 (8.07) 107.47 (7.58) 95.55 (8.63) <0.001 Avs. C; Avs. D; Bvs. C; Bvs. D; Cvs. D
UI-E line -2.02 (1.47) -0.90 (1.89) -1.10(1.68) -3.91(0.99) <0.001 Avs. B;Avs. D; Bvs. D; Cvs. D
LI-E line -2.81(2.13)  -2.96(1.79) -1.25(4.03) 2.59(0.64) <0.001 Avs. B;Bvs. C;Bvs. D; Cvs. D

*ANOVA, A=Control group, B=Sickle Cell Anemia group (SCA), C=Thalassemia group (THL), D=G6PD group.
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Thalassemia & SCA

Control

G6PD

Figure 1. Superimposition of the average skeletal, dental and soft tissue tracings for study groups.

tients, the upper incisors protrude to NA and are in
a normal position in THL patients. This pattern is
completely different from G6PD and the control
group (Figure 1).

G6PD deficiency group demonstrated class 111
skeletal pattern due to retruded maxilla, protrud-
ed mandible, proclined upper incisors to a pala-
tal plane, protruded upper incisors to NA as well
as horizontal basal configuration, and prominent
lower lip to E-Line. However, this pattern is dif-
ferent from the SCA, THL, and control groups. All
cephalometric radiographs in the control group
were skeletally class I, with a normal position of
the maxilla and mandible, as well as normal po-
sition and inclination of the upper and lower inci-
sors and the normal position of the lips to E-line.
The superimposition of cephalometric variables
of G6PD deficiency, SCA and THL groups with
normal groups is shown in Figures 2-4.

Discussion

Several dental and skeletal manifestations of
patients with SCA and Thalassemia have been re-
ported in the orthodontic literature, such as maxil-
lary incisor proclination and skeletal class Il mal-
occlusion subsequent to the maxillary protrusion
in THL and mandibular atrophy in patients with
both THL and SCA. Some reports'? described the
orthodontic treatment of those patients, but none
of them discussed or compared that with G6PD
deficiency. Since these changes may affect the
patient’s appearance and, thereby, orthodontic
treatment options, these facts should be consid-
ered to prevent complications during and after
treatment!!12,

The present study assessed and compared the
skeletal and dental manifestations of G6PD de-
ficiency, THL, and SCA in Saudi adult patients.
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SCA

Control

Figure 2. Superimposition of the average skeletal, dental and soft tissue tracings for SCA and contol groups.

This study finding demonstrated the class III skel-
etal relationship in the G6PD deficient group due
to retruded maxilla and protruded mandible and
horizontal basal configuration. On the other hand,
class II skeletal pattern due to retruded mandible
and vertical basal configuration and increased
lower facial height were the main characteristic
features of SCA and THL. Control group had a
class I skeletal pattern with the normal position of
the maxilla and mandible.

The proclined upper incisors to the palatal
plane and protruded upper incisors to NA are the
characteristic feature dental variables in G6PD
deficient group, while proclined upper incisors
to the palatal plane and protruded upper incisors
to NA characterize the dental features of the SCA
group. Similarly, the THL group showed the den-
tal feature of proclined upper incisors to palatal
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plane angle with the normal position of the up-
per incisors to NA, while normal position and
inclination of the upper and lower incisors were
observed in the control group. Soft tissue charac-
teristics in GO6PD deficient group mainly showed
a prominent lower lip E-line, while in SCA and
THL and control groups, a normal position of the
lips to E-line was found. None of the previously
published research compared the facial features
of G6PD-deficient individuals to those of a con-
trol group or other conditions of SCA and THL.
Therefore, this is the first research comparing fa-
cial characteristics of different conditions.

The study results showed that the individuals
with SCA and THL had class II skeletal patterns,
which aligns with the findings of Maia et all7 in
Brazil, where a computerized cephalometric analy-
sis revealed that 32% of the SCA patients had class
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I skeletal relationships. Another study involving
45 patients with SCA exhibited class II skeletal
pattern characteristics because of mandibular retru-
sion, unlike our study that showed proclined upper
incisors to the palatal plane'. Contrarily, both these
studies showed the absence of maxillary protru-
sion'°. In line with our study, Helaly and Abuaf-
fan’ compared the malocclusion among 212 Suda-
nese children with SCA, aged 3-15 years, against
212 healthy children as a control group. The results
revealed that class II malocclusion was most com-
mon among children with increased overjet.
Soft-tissue measurements showed a class II
skeletal pattern identical to the present study’s
findings for THL patients. Alhaija et al'' studied
the cephalometric and facial features of beta THL
patients. It was found that all THL patients had
a class II skeletal base relationship, but normal

length maxilla compared with the healthy control
group. Another study by Amini et al'? in Iranian
children with THL. It was found that all THL pa-
tients had a class II skeletal base relationship with
an average ANB angle of 8.75 with no maxillary
prognathism, while the mandible of the THL pa-
tients appeared to be retruded. Dentally, incisors
were found to be proclined.

Limitations

In this present study, severity and subtypes
of G6PD, SCA and THL have not been taken
into consideration. Despite of that, our findings
matched the previously published literature that
included the subtypes of this condition, especially
Beta Thalassemia major. Since this study was car-
ried out solely among Saudi adults, care should
be taken when extrapolating the results to other

G6PD

Control

Figure 3. Superimposition of the average skeletal, dental and soft tissue tracings for G6PD and control groups.
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Thal

Control

Figure 4. Superimposition of the average skeletal, dental and soft tissue tracings for Thalassemia and control groups.

populations. We recommend further similar stud-
ies from different countries taking into consider-
ation a larger sample size and different stages of
severity of the disease.

Conclusions

All THL and SCA patients had Class II skel-
etal base relationships compared to controls.
The mandible of these patients appeared to be
smaller in size and more retruded. A pronounced
vertical growth direction was also evident from
angular and linear measurements. The dental
deviations in SCA patients were mainly seen
as protruding upper incisors to NA while in
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normal position in THL patients. The marked
convex lower face was evident from soft-tissue
measurements in SCA and THL patients. While
in G6PD deficiency patients, class III skeletal
pattern due to retruded maxilla and protruded
mandible with horizontal basal configuration
and protruded upper incisors to palatal plane
and proclined upper incisors to NA. Moreover,
a prominent upper and lower lips were evident
from soft-tissue measurements. We recommend
further studies with larger sample size.
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