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Abstract
Aims: While oral soft tissue manifestations associated with HIV-infection in children

are well documented, few studies have investigated the dental development of this

group. The aim of this study was to assess dental development in a sample of HIV-

positive children in comparison with an age-matched HIV-negative control group.

Methods and results: The sample comprised 44 HIV-positive children and 44 HIV-

negative children matched for age, gender, and ethnicity. An orthopantomograph

(OPG) of each patient was assessed in order to calculate the dental age. The miner-

alization stages of teeth were used to calculate the dental age using tables formulated

by Phillips and van Wyk-Kotze for this grouping. Results showed that dental devel-

opment for both groups were similar to the dental age-related tables. HIV-positive

children between 8 and 10 years of age showed significantly advanced dental devel-

opment (p = 0.04). HIV-positive females showed significant advancement in dental

age as compared to their chronological ages. Thirty-six (81.8%) HIV-positive children

were on antiretroviral (ARV) drugs.

Conclusion: HIV-positive children presented stages of dental development in accor-

dance with their chronological ages and in tandem with that of the HIV-negative con-

trols.
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1 INTRODUCTION

The first cases of HIV/AIDS in children were recorded

in 1983.1 Since then, much advancement regarding diag-

nostic tools and disease management has taken place.

The disease is now managed, with reasonable success,

with the use of antiretroviral (ARV) drug therapy, and

as such, the life expectancy of HIV-infected individuals

has increased significantly.2 With increased life expectancy,

long-term studies on all aspects of the HIV-infected indi-

viduals have become pertinent. Documentation of the

growth and development of HIV-infected children is of

value as this type of information has bearing on forensic

© 2019 Special Care Dentistry Association and Wiley Periodicals, Inc.

medicine, pediatric dentistry, and orthodontic treatment

planning.3–5

Dental maturity, based on the degree of dental mineral-

ization, is often expressed as dental age, and is one of the

recognized methods of determining the biological maturity

of an individual. Dental age is considered one of the best

physical indicators of chronological age, as it is notably inde-

pendent on the influence of external and internal factors.6

Dental development is more closely related to chronological

age than skeletal, somatic, or sexual maturity indicators.7

The difference between dental age and chronological age

indicates an advance or delay in development in comparison

with the normal standard.8–10
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The purpose of this study was to assess the dental develop-

ment of a sample of HIV-positive South African children and

to compare the findings to a matched HIV-negative group.

2 MATERIAL AND METHODS

2.1 Data collection
The study was retrospective, cross-sectional in design. Ethical

approval had been obtained from the University of the West-

ern Cape's Senate Research Committee (Ref: 11/7/34) prior to

conducting the study and the ethical guidelines of the World

Medical Association Declaration of Helsinki (version 2002)11

were strictly followed. Confidentiality was ensured by using

only study record numbers on the data capturing sheets and

not the patients’ names. Only the two radiographic examiners

(researchers) had access to patient folders.

A sample of 44 patient records of vertically infected HIV-

positive children was selected from the records of Tyger-

berg Oral Health Centre (TOHC) of the University of the

Western Cape. The study sample was randomly selected

from two databases of confirmed HIV-infected children pre-

viously treated at the faculty in specialized clinics. One of

the databases contained the details of children who previ-

ously formed part of a larger research project on oral mucosal

lesions, while the other database was a record of all HIV-

infected children treated at the Department of Paediatric Den-

tistry. In addition to this, a further 44 records of matched

HIV-negative children were selected from the same institu-

tion (TOHC). All selected records fulfilled the criteria for

inclusion.

Matching was done according to: age, gender, and ethnicity.

All subjects were from similar socioeconomic backgrounds

(similar educational levels, household income, and social

stance within the community). Exclusion criteria included: (a)

records without an orthopantomograph (OPG) and/or a medi-

cal history; (b) medical conditions other than HIV which may

have had an influence on the developing dentition, e.g., Down

syndrome, genetic conditions (e.g., dentinogenesis imper-

fecta, amelogenesis imperfecta, ectodermal dysplasia); (c)

patients who were on medication which could have had an

effect on the dentition, e.g., fluorides and cytotoxic agents;

and (d) children with missing teeth or having multiple decayed

units in the mandibular dentition.

A data collection sheet was used to record relevant data

from patient records. These data included date of birth, gen-

der, date and chronological age of the patient on the day that

the radiograph was taken, and whether or not the patient had

been treated with ARV drugs. The dental age was calculated

by applying the Phillips and van Wyk-Kotze (2009)13 Dental
Age Related Table.

2.2 Radiographic examination
An OPG of each child was examined to determine the

dental age by assessing the mineralization stages of the

left mandibular secondary teeth. The development stage of

each tooth in the lower left jaw was established by inde-

pendent visual inspection by each of the examiners. The

Morrees et al.12 dental development stages were employed.

This graphic illustration of tooth mineralization/development

stages was used as a standard for comparison of the radio-

graphic images. Examiners independently assessed each

radiograph by comparing the specified teeth using this

schematic representation of various stages of the developing

tooth.12

In determining the dental age, use was made of stan-

dardized tables, as formulated by Phillips and van Wyk-

Kotze.13 The “Tygerberg Table,” one of three tables formu-

lated for dental age estimation of different ethnic groups

within South Africa, was formulated primarily from a sam-

ple of patients from the TOHC. This study took place at the

same oral health center at which the Tygerberg Table was

formulated. The Phillips and van Wyk-Kotze13 tables did

not distinguish between gender variability, however, gender

was matched for between the study group and the control

group.

The examiners were blinded and thus did not know the

names, age, or gender of the individuals whose radiographs

were being examined. In two of the 88 OPGs examined, a

discrepancy was noted. These discrepancies were resolved

by joint consultation and examination of the radiographs and

schematic illustration by the two examiners. Consensus was

reached in both cases.

The dental age of each child was determined by adding

the value of each of the secondary teeth in the left mandible,

and obtaining a single value. This value was then com-

pared with the chronological age of the child. The chrono-

logical age was noted as the age of the child on the date

on which the radiograph was taken (calculated by subtract-

ing the date on which the radiograph was taken from the

date of birth). All radiographs were examined in a dark

room using a viewing light box and 3× magnifier when

necessary.

2.3 Statistical analysis
Data were compiled on Microsoft Excel®. The data were ana-

lyzed using Microsoft Excel® and Epi Info 2000 software.

Descriptive statistics (means and standard deviations [SDs])

were calculated and the statistical comparisons between the

mean chronological age and dental age were derived using

the t-test. Results were considered as statistically significant

when a p-value of < 0.05 was found.
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T A B L E 1 Comparison of chronological and dental ages in

HIV-positive children and matching controls

Chronological age Dental age

Group Mean SD Mean SD
p-Value
(t-test)

Study group 9.27 2.01 9.41 1.99 0.35

Control group 9.28 2.02 9.29 2.07 0.96

F I G U R E 1 Comparison of dental and chronological ages of

males and females in HIV-positive group

3 RESULTS

The sample comprised the records of 88 children. Forty-

four were vertically infected HIV-positive (study group) and

44 were matched HIV-negative controls (control group).

Each group consisted of 21 (47.7%) males and 23 (52.3%)

females. The chronological ages of the children in the study

group ranged from 6.17 to 15.24 years (mean = 9.27 years;

SD = 2.01), while the dental ages ranged from 6.09 to

15.09 years (mean = 9.41 years; SD = 1.99). Comparative

differences between the chronological and dental ages of these

children showed no statistical significance (Table 1), nor too,

were there statistically significant differences of the dental

age between children in the study group and their matched

controls.

In the study group, HIV-positive males showed a dental

age comparable to that of their chronological ages, while

HIV-positive females showed a significantly advanced den-

tal development as compared to their chronological ages

(p < 0.05) (Figure 1).

HIV-positive children between 8 and 10 years of age

(n = 20) showed significantly advanced dental development

(mean = 9.32; SD = 0.99) compared to their chronological

age (mean = 9.01; SD = 0.63) (p = 0.04).

Thirty-six of the 44 (81.8%) HIV-positive children were on

ARV therapy. Both, children on ARVs as well as those not

on ARVs showed comparable chronological and dental ages

(Table 2).

T A B L E 2 Comparison of chronological and dental ages in

HIV-positive children on ARV therapy

Chronolo-
gical age

Dental
age t p-Value

Group 1 (ARVs) N 36 36 1.45 0.15

Mean 9.18 9.40

SD 1.83 1.95

SE 0.30 0.32

Group 2 N 8 8 0.53 0.61

(not on ARVs) Mean 9.67 9.44

SD 2.79 2.31

SE 0.98 0.81

4 DISCUSSION

Dental development and dental age in HIV-positive children

remains a largely unreported area. To date there has been

only few studies on this subject of which most were con-

ducted in Brazil.3,4,10 This study compared the dental devel-

opment in a sample of HIV-positive children and compared

it to a matched HIV-negative control group. Dental ages of

HIV-positive children did not differ significantly to that of the

matched control group. HIV-positive children showed stages

of dental development of the secondary dentition within nor-

mal ranges. Previous studies (Table 3) vary in their findings

on the topic. Triguero et al.4 and Holderbaum et al.3 both

examined dental development in HIV-positive Brazilian chil-

dren and concluded that these children showed delayed dental

development. Fernandes et al.10 also examined dental devel-

opment in a sample of HIV-positive Brazilian children and

reported that these patients did not show any delay in den-

tal development. These studies were conducted on the same

population group in Brazil and all three studies used the same

evaluation method (i.e., Nolla's method).

It was decided to use the Moorrees et al.12 tooth mineral-

ization stages, in conjunction with the Phillips and van Wyk-

Kotze13 dental age-related table for this South African sample

as it was most appropriate to this ethnic group as compared

to the Nolla method, which was formulated for a Caucasian

sample.

Dental age based on mineralization stages of the perma-

nent dentition reflects the overall somatic growth and is one

of the most widely used parameters to examine a patient's

dental development, especially in orthodontic and forensic

disciplines.14 Numerous studies have reported delayed den-

tal development in children with systemic conditions, such as

fetal alcohol syndrome and leukemia.14,15 It would be reason-

able to expect a delay in dental development in HIV-positive

children3,4; however, this was not observed in this study. The

exact reasons behind this finding cannot be explained defini-

tively but could be due to the use of ARV drugs by the
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T A B L E 3 Comparison of findings of this study to previous studies

This report Triguero et al. (2010)4 Fernandes et al. (2007)10 Holderbaum et al. (2005)3

Sample size 44 HIV-positive children 50 HIV-positive children 50 HIV-positive children 30 HIV-positive children

44 matched controls 50 matched controls 30 matched controls

Age range 6.17–15.24 years 3.08–14.0 years 4.17–12.17 years 5.17–15.42 years

Population South African Brazilian Brazilian Brazilian

Method used Phillips Nolla Nolla Nolla

ARV therapy 81.8% of sample 100% of sample 100% of sample 100% of sample

Findings No delay in dental development Delayed dental development No delay in dental development Delayed dental development

majority (81.8%) of HIV-positive children in this group. It

would be interesting to assess the dental development in a

sample of HIV-positive children who have not had ARV drug

therapy, and compare those findings to the dental development

of a sample of HIV-positive children on ARV drugs.

In this study, HIV-positive children on ARVs showed sim-

ilar dental ages when compared to their chronological ages.

Although the toxicity of ARVs has already been linked with

alterations in bone metabolism, the risk factors associated

with advanced HIV infection are more strongly related to

osteopenia and osteoporosis.16,17 In the present study, the

finding that HIV-positive children showed stages of den-

tal development similar to their healthy counterparts can be

explained by the high level of care provided for these children

to avoid risk factors such as systemic infections and malnutri-

tion. ARVs have also been shown to have positive effects on

the growth of HIV-positive children despite being a risk fac-

tor for bone metabolism.18 Moreover, dental tissues have been

noted to be less susceptible to the negative effects of ARVs.19

Regarding the ages of HIV-positive children, there were

statistically significant differences between chronological and

dental ages in children between the ages of 8 and 10 years.

These younger children showed advanced dental develop-

ment. This finding may be a result of the recent rollout of

ARVs in 2005 in public hospitals in South Africa2; hence,

these younger children may have benefitted more from ARVs

during the crucial dental growth periods than older children

who had access to ARVs at a later stage in their lives.

Thus far, all studies documenting dental development in

HIV-positive children (Table 3), 100% of the samples were

on ARV drugs. In this sample, only 81.8% were on ARVs.

Despite this, both Triguero et al.4 and Holderblaum et al.3
reported delay in dental development in HIV-positive children

despite the entire sample being on ARVs.

HIV-positive females showed significantly advanced den-

tal development, contrary to Holderbaum et al.3 who found

that HIV-positive females presented with delayed dental

development.

The great similarity in the dental age and chronological

age of the control group can be attributed to the fact that

the Phillips and van Wyk-Kotze Dental Age-Related Tables13

were formulated for children with the same socioeconomic

background and ethnicity as the control group, who also lived

in the same geographic area. Studies assessing dental develop-

ment age should factor in the ethnicity of the sample as com-

pared to the ethnicity of the reference age-related tables to be

used.

In conclusion, HIV-positive children presented with dental

ages comparable to their chronological ages and to the den-

tal ages of the HIV-negative controls. HIV-positive females

showed advanced dental development compared to their

chronological ages. The findings could be of significance to

patients undergoing orthodontic treatment and for forensic

purposes.
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