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ABSTRACT 
Aim: The aim of this study was to analyze craniofacial morphology by evaluating skeletal cephalometric profiles of HIV-
positive adolescents receiving antiretroviral therapy.  
Methods: 25 HIV positive adolescent patients aged between 10 and 18 years (study group) were selected and then compared 
with 25 normoreactive adolescent patients (control group), paired by sex and age. The patients were also catagorised into 3 
age ranges (10-12, 13-15 and 16-18 years). Cephalometric tracings of eighteen (linear and angular) measurements on 
teleradiographs were done by using 2 methodologies. The mean values of each measurement were compared between the two 
groups by age range.  
Results: The majority of measurements checked in HIV-positive adolescents for the 13-15 year age range were diminished. 
The statistically significant differences (P>0.05) were found only in inclination of the palatal plane (12-14 years) and position 
of the maxilla in anteroposterior direction (16-18 years).  
Conclusion: These results led to conclude that some of the cephalometric measurements of HIV-positive adolescents may be 
similar to those of the normoreactive subjects 
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INTRODUCTION 

The highly active antiretroviral therapy (HAART) in 1990s, 
patients with human immunodeficiency virus (HIV1) have 
undergone an increase in their quality and assumption of 
life. The adverse effects of combination of these 
antiretroviral drugs started to be identified through 
compromised physiologic functions in various systems and 
organs [1-4]. The changes identified in the pediatric group 
include mitochondrial toxicity, liver dysfunction, renal 
toxicity, insulin resistance, hypertension, cardiac 
dysfunction, increased risk for cardiovascular diseases and 
decreased bone mineral density [5-15]. 

Dental treatment of patients with HIV/AIDS was 
concentrated on diagnosis, epidemiology, and treatment of 
oral presentations due to immunodepression [16-20]. Hence, 
it is possible that changes may be verified not only in teeth, 
but also in craniofacial growth pattern of HIV1 children and 
adolescents who are undergoing HAART. 

Several studies and various authors have illustrated the 
capacity of medications and chronic systemic diseases to 
lead to changes in craniofacial growth and development [21-
24]. However, no studies of HIV/AIDS patients were found; 
hence, there is no way to estimate whether disease or its 

treatment can have impact on craniofacial growth. Recently, 
studies have pointed out that there are fewer studies about 
children and adolescents with HIV and most importantly 
about the adverse effects of HAART on this population [24-
26]. In agreement with most recent concerns raised in this 
particular area of research, the aims and objectives of this 
study were to analyze craniofacial morphology by evaluating 
skeletal cephalometric profile of HIV1 adolescent patients, 
all infected by vertical transmission and hence submitted to 
antiretroviral therapy and thus to compare them with 
normoreactive patients. We explained use of a pilot study to 
substantiate need for longitudinal research. 
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MATERIAL AND METHODS 

A case-control study was conducted with satisfactory sample 
of consecutive adolescent patients seropositive for HIV and 
the normoreactive patients who attended a dental hospital for 
orthodontic treatment during 12 months. The protocol of the 
study was approved by university research ethical 
committee. 25 HIV positive adolescent patients aged 
between 10 and 18 years (study group) were selected and 
then compared with 25 normoreactive adolescent patients 
(control group), paired by sex and age. The patients were 
vertically HIV infected, with positive serology confirmed in 
2 different tests and had been given antiretroviral therapy 
since they were born. The patients were also catagorised into 
3 age ranges (10-12, 13-15 and 16-18 years).  

The patients excluded from this study were those undergoing 
any long-term systemic therapy for severe chronic diseases 

(except AIDS in study group) who had received earlier 
radiotherapy, chemotherapy or any previous orthodontic as 
well as orthopedic treatment. The diagnostic aids for 
orthodontic documentation were facial photographs, 
panoramic radiograph, lateral teleradiograph and study 
models. For this study, we used only teleradiographs, on 
which cephalometric points of hard profile were identified 
and used for measuring craniofacial morphology. 
Cephalometric tracings of eighteen (linear and angular) 
measurements on teleradiographs were done by using 2 
methodologies. The mean values of each measurement were 
compared between the two groups by age range. Overall, 14 
points and 18 (linear and angular) measurements were used, 
all based on the previous studies by various authors [27-34] 
(Figure 1 and Table 1). 

Figure 1. Teleradiograph of skull. 
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Table 1. Linear and angular measurements which are used in cephalometric analysis. 

S-N (mm) Linear distance between points S and N. Length of the anterior cranial base. 

S-Ba (mm) Linear distance between points S and Ba. Linear size of the posterior base of the skull. 

Ba-N (mm) Linear distance between the points Ba and N. Linear size of posterior base of the skull. 

SNA (degrees) Angle between the lines SN and NA. Antero-posterior projection of the maxilla. 

SN.ANSPNS 

(degrees) 

Angle formed between lines from S to N in the palatal plane. Inclination of the palatal plane 

in relation to the base of the skull. 

N-ANS (mm) Linear distance between the points N and ANS. Antero-posterior linear facial height. 

Co-A (mm) Linear distance between the points Co and A. Effective maxillary length. 

SNB (degrees) Angle determined by intersection of lines SN and NB: 

Antero-posterior projection of mandible. 

PoOr.NPg (degrees) Angle between Frankfort plane and facial line. Position of mention in horizontal direction. 

Co-Gn (mm) Linear distance between the points Co and Gn. Effective mandibular length. 

Co-Go (mm) Linear distance between the points Co and Go. Height of mandibular ramus. 

Go-Gn (mm) Linear distance between the points Go and Gn. Length of mandibular body. 

ANB (degrees) Angle determined by intersection of lines NA and NB: Relative position of mandible to 

maxilla. 

ANS.Me (mm) Linear distance between the points ANS and Me. Anterior-inferior facial height. 

ANSPNS.GoMe 

(degrees) 

Angle between palatal and mandibular planes. Angular relationship between palatal plane 

(ANS-PNS) and mandibular body (Go-Me). 

PoOr.GoMe 

(degrees) 

Angle between the Frankfort plane and line Go-Me. Mandibular plane angle Indicates the 

growth vector. 

SN.GoGn (degrees) Angle formed between line from points S to N and line from points Go to Gn. Degree of 

mandibular rotation in relation to the base of skull. 

SN.Gn Angle formed between intersection of line from points S to N and the line passing through 

points N and Gn. that Indicates growth vector. 

To decrease measurement errors, cephalometric points and 
measurements were traced with 2 different methodologies. 
In the initial (semi-automated) methodology for tracing on 
cephalograms, a dental radiologist used a Compaq Presario 
microcomputer (specifications: 1.7 Ghz, 768 Mb RAM, HD 
30 GB, Windows XP SP3; Pentium 4; Hewlett Packard, Palo 
Alto, Ca) and Radiocef Studio  software (RadioMemory, 
Belo Horizonte). The cephalometric landmarks were 
manually marked and software traced lines and angles, 
including relevant measurements. In the second (manual) 
methodology for each radiograph, orthodontist used a 
transparent acetate sheet (specifications: Ultraphan; 3M 

Unitek, Monrovia, Calif) measuring 8 3 10 in and 0.003 in 
thick and a propelling pencil with 0.5 mm thick graphite to 
mark points, with  measurements done manually. 

All measurements were listed into a spreadsheet 
(specifications: Microsoft Office Excel 2007; Microsoft, 
Redmond, Wash) to get mean values of each angle and 
linear measurement calculated by semi-automated and 
manual methodologies. The data obtained for study and 
control groups were compared. We considered that pubertal 
growth spurt in girls occurred from 10 years of age [35], 
reaching its maximum at 12 years [36] whereas in boys it 
started from 9 years [35] and reached its peak at 14 years 
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[36]. Hence, the time interval between 9 and 12 years was 
chosen as main growth spurt period for both sexes. 
Therefore, 2 other age ranges were defined: before growth 
spurt (6-8 years old) and after growth spurt (13-17 years 
old). 

The data were analyzed by using the Epiinfo software [7] 
and Bartlett test was performed to verify the homogeneity of 
variances (P>0.05). For variables without a normal 
distribution, Wilcoxon test was applied. The significance 
level was put down at 0.05 or 5%. To determine reliability of 
agreement between 2 measurement methodologies, 
intraclass correlation coefficient was used for the statistical 
analysis. 

RESULTS 

Twenty five subjects were evaluated in the study group, of 
which 10 were girls and 15 were boys, all aged between 10 
and 18 years (mean age, 14 years). All had been diagnosed 
with HIV since birth and treated with anti-retroviral therapy 
from the first year of life. During the time of clinical 
evaluation, mean count of CD41 T lymphocytes in study 
group was 752 cells per cubic millimeter (minimum, 180 

cells/mm3 and maximum, 1727 cells/mm3). 2 patients had no 
undetected viral load (5415 and 41,400 copies). These 
patients were also the ones to have CD41 T lymphocyte 
counts out of normal range (273 and 180 cells/mm3). Four 
used front-line drugs composed of 2 nucleoside reverse 
transcriptase inhibitors and 1 non-nucleoside reverse 
transcriptase inhibitor. 12 patients used second-line 
combinations (2 nucleoside reverse transcriptase inhibitors 
and 1 protease inhibitor with ritonavir booster). 2 patients 
used 2 nucleoside reverse transcriptase inhibitors plus 1 
protease inhibitor. 

3 patients used following combinations: 2 nucleoside reverse 
transcriptase inhibitors and 1 protease inhibitor along with 
ritonavir booster plus 1 protease inhibitor; 2 nucleoside 
reverse transcriptase inhibitors with 1 protease inhibitor and 
1 integrase inhibitor; 3 nucleoside reverse transcriptase 
inhibitors and 1 protease inhibitor with ritonavir booster. 
With reference to methodologies used for calculating 
cephalometric measurements, we noticed that methods were 
in agreement to each other for almost all variables and 
increased intraclass correlation coefficient values (Table 2). 

Table 2. Intraclass correlation coefficient (ICC) analysis showing the comparison between 2 methods of cephalometric 
measurements. 

Variables ICC P value 95% CI 
N-ANS 100% 0.0000 1.00 1.00 

Co-Gn 93% 0.0000 0.85 0.94 

Co-Go 65% 0.0000 0.44 0.81 

S-N 99% 0.0000 0.96 0.99 

S-Ba 74% 0.0000 0.55 0.85 

Ba-N 92% 0.0000 0.88 0.96 

ANS-Me 100% 0.0000 1.00 1.00 

Co-A 25% 0.0550 0.06 0.50 

Go-Gn 93% 0.0000 0.88 0.97 

SNA 86% 0.0000 0.77 0.93 

ANSPNS.GoMe 100% 0.0000 1.00 1.00 

SN.ANSPNS 45% 0.0006 0.21 0.67 

SNB 55% 0.0000 0.32 0.75 

SN.GoGn 100% 0.0000 1.00 1.00 

PoOr.NPg 75% 0.0000 0.62 0.87 

PoOr.GoMe 90% 0.0000 0.82 0.94 

SNGn 90% 0.0000 0.83 0.94 

ANB 82% 0.0000 0.70 0.90 
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The exceptions were variables Co-A, SN.ANSPNS and 
SNB, which had good agreement of 60%. Nevertheless, we 
declared that agreement was positive for SN.ANSPNS and 

SNB, since P values were statistically significant (P<0.05). 
As for Co-A, P value was out of significance range (Table 
3). 

Table 3. Comparison of cephalometric measurements of study (SG) and control (CG) groups in the 10-12 year age group. 
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SG: HIV1 patients; CG: Normoreactive patients; Q1: First quartile; Q3: Third quartile; Inf: Inferior; Sup: Superior; Min: 
Minimum; Max: Maximum 

The cephalometric measurements of study and control 
groups were compared according to various age groups, as 
mentioned in Table 4. 
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Table 4. Comparison of cephalometric measurements of study (SG) and control (CG) groups in the 13-15 year age group. 
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In 10-12 year age group, when considering mean values, 
positions of maxilla and mandible in study group were 
retruded in relation to base of the skull when compared with 
control group. Growth pattern in study group was more 
horizontal and effective size of bone bases was increased 
than in control group. However, the differences were not 
statistically significant, except for palatal plane inclination 
(Table 3).  

Table 4 shows comparison of cephalometric means with 
regard to mean values in the 13-15 year age group, the 
maxilla was retruded slightly, and mandible was protruded 
in the study group in relation to the base of the skull 
compared with control group. Also, the former had a 
decreased effective maxillary size and an increased effective 
mandibular size than the latter. In this age group, growth 
patterns were almost similar in both groups. None of the 

values related to maxillary and mandibular positions in 
antero-posterior direction, growth pattern and effective 
linear measurements in this particular age group showed 
statistically significant differences between study and 
control groups (Table 4). 

With regards to the mean values in 16-18 year age group, the 
position of maxilla in the study group was slightly 
decreased, and the mandible was protruded in relation to 
base of the skull when compared with the control group. 
Although the former had an effective maxillary size smaller 
than that of latter, effective mandibular size was similar 
between 2 groups. The growth pattern was more horizontal 
in the study group than in the control group. The only 
statistically significant difference was position of the maxilla 
in anteroposterior direction (SNA) (Table 5). 

Table 5. Comparison of cephalometric measurements of study (SG) and control (CG) groups in the 16-18 years age group. 
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DISCUSSION 

Adolescents seropositive for HIV now attend the dental 
hospitals and demand full treatment for their oral health 
conditions. Studies evaluating growth and development of 
face have identified that, up to 5 years of age well-developed 
craniometric dimensions and especially significant increase 
in the height and width of the jaw are observed. But the 
greatest gain in growth occurs only after 6 years of age, with 
continuous increase in jaw length and facial height, width, 
and depth, until craniofacial dimensions reach maturity 
during adolescence, between 13 and 15 years of age [37]. 
Because of the drawbacks inherent in cross-sectional study, 
differences that could be found in different age groups in our 
study which suggest continuous craniofacial growth, with 
whole face growing vertically and horizontally in both 
groups. 

In these results, we found that 2 measurements had 
statistically significant differences: the angle between palatal 
plane and base of skull (SN.ANSPNS) and angle 
demonstrating position of the maxilla in antero-posterior 
direction (in relation to the base of skull), represented by 
SNA. In 10-12 year age range, the SN.ANSPNS values 
showed the rotation of maxilla (palatal plane) was increased 
in the HIV1 patients, but these values diminished in 
subsequent age groups, along with the values of 
normoreactive patients. No significant changes in 
completion of growth were observed; this occurred in 
patients in our study group. 

The angle SNA was shown to be significantly decreased in 
the 13-15 and 16-18 year age group. The reduction in 
measurement was interpreted as retrusion of maxillary bone 
[35]. Although the study was not longitudinal, there were 3 
interpretations for this craniofacial change. The first was this 
change could be a consequence of the respiratory pattern of 
HIV1 adolescents, which is compromised by s airway 
infections during growth period. SNA may be decreased in 
those with compromised respiratory function of upper 
airway, as in mouth-breathing patients [31,32]. 

The HIV infection associated or not with states of immune 
activation and inflammatory processes, can change 
osteoclastogenesis by increasing rate of apoptosis of primary 
osteoblasts, decreasing calcium deposition and alkaline 
phosphatase activity, diminishing specific bone proteins and 
compromising differentiation of mesenchymal cells into 
osteoblasts [33]. The long-term use of HAART may be 
definitely responsible for systemic alterations that affect 
growth of these adolescent children [5,7,12,13]. 

HAART emerged as a solution to deleterious effects caused 
by the virus by lowering the circulating viral load. The 
immunologic reconstitution induced by use of antiretroviral 
agents, expressed by increase in CD41 T lymphocytes, has 
allowed these patients to be clinically stable, with reductions 
in opportunist infections that could bring about malnutrition. 

Although gains in weight and height among HIV1 patients 
undergoing HAART are vital, these gains are less than 
weight and height gains of normoreactive adolescents 
[36,37]. In this study, other linear and angular values of 
HIV1children had no statistically significant differences 
when compared with the control group, However, it was 
possible to identify a trend toward decrease in the linear 
measurements of maxilla, mandible and base of the skull in 
the study patients between 13-15 and 16-18 years old. In this 
age group 14 angular and linear measurements in our study 
patients were lower than those of the controls. This 
difference was seen only in 5 measurements in the 10-12 
year age group and in 7 measurements in the 13-15 year age 
group. We believe that the findings could be a basis for 
longitudinal study with these group patients. Nevertheless, 
this study was a cross-sectional and did not establish cause 
and effect relationship; this could be a drawback of our 
study. 

Another limitation and confounding factor of study was that 
only teleradiographs of adolescents who were referred for 
the orthodontic treatment were included and consequently 
they had some amount of deviation from normality (in both 
groups). An ideal study design would include all 
adolescents, irrespective of their need for orthodontic 
treatment. But, ethical questions are raised as a result of 
submitting adolescents to ionizing radiation not only during 
growth period, but also at various times throughout life, only 
to see possible changes in their craniofacial growth. It was 
not possible to mention that either HIV or HAART alone is 
responsible for possible developmental delay, or to evaluate 
HIV1 patients with and without use of HAART separately, 
since in India all HIV1children who are under medical 
treatment are also receiving antiretroviral treatment. 
Although 18 comparisons per group were done, only 2 
measurements had statistically significant differences with 
marginally significant P value. Since no overall differences 
were found between 2 groups in our study, we hypothesized 
that beneficial effects of antiretroviral therapy overcame 
adverse effects. 

CONCLUSION 

The majority of measurements in HIV1 children and 
adolescents were not different from the control group to 
generate statistically significant difference in craniofacial 
growth. 
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