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Intra-arch and Inter-arch Relationships in the Primary Dentition
of Senegalese School Children aged 5-6 years

Badiane A®, Cissé B*, Touré KO’, Beugre Kouassi LK*, Ngom PI **,

Background: The aim of the present study was to investigate the features of the deciduous dentition in Senegalese school children aged
5-6 years.

Methods: Sociodemographic data were registered and from the dental casts of the children, parameters related to intra-arch and inter-
arch relationships were collected (presence/absence of anthropoid spaces, molar and canine relationships, arch perimeter and width of
the anthropoid and interincisal spaces in mm).

Results: The sample was made up 201 subjects (96 girls and 105 boys) with analysable study casts. With respect to intra-arch
relationships, maxillary and mandibular anthropoid spaces are present in respectively 92.45 and 70.3% of the children. Regarding
inter-arch relationships, flush terminal plane predominated followed by mesial step plane. The relationships between the upper and
lower canine in the sagittal plane are mostly Class 1 (95%). As for the transverse plane, the majority of subjects (91.7% of the girls,
96.2% of the boys) has normal relationships (p = 0.24). Almost half had a positive overjet > 2mm and reverse overjet accounted for 1
and 2% respectively for girls and boys.

Conclusion: The majority of subjects in this sample display intra-arch and inter-arch relationships favouring normal occlusal
relationship of the permanent dentition.
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dentition have been emphasized. For instance, the
presence in primary dentition of spaces mesial to the
upper canines and distal to the lower canines referred
to as Primate or Anthropoid spaces, was reported to
be a predictor of good alignment of the permanent
incisors'“'". Also, interincisal spaces also called
secondary or developmental spaces are usually
considered favourable to the uncrowded
relationships of the permanent incisors. As for inter-
arch relationships, the contacts between the
deciduous second molars as objectified by the
terminal planes determine at least in part, the sagittal
relationship of the permanent first molar .

Epidemiological data on intra-arch and inter-arch
relationships of adults and adolescents are available
for many populations"”*". Also, studies have been
published for different populations concerning intra-
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Introduction
ntra-arch and inter-arch relationships of the
deciduous teeth have been studied extensively in
both paedodontic and orthodontic literature”. A
possible link between the occlusal features of the
deciduous dentition and that of their subsequent
permanent successors have been suggested early in

14 West Afr J Orthod. Vol. 6 No.2 December, 2017

w
a
|
'_
o
<
-
<
zZ
(O]
o
(@)



mailto:ibrahimngom@icloud.com

Badiane A. et al

arch and inter-arch relationship in the primary
dentition™"”*. Data concerning primary dentition of
African children are however scarce. The aim of the
present study was to investigate the features of the
deciduous dentition in school children aged 5-6 years
and to document the existence of potential anomalies.

Materials and Methods
Subjects: As part of a comprehensive national
epidemiological survey, this cross-sectional
observational study was primarily directed towards
children aged 5-6 years. At this age Senegalese
children attend the first year of primary school with
an average attendance rate of 80 %. Senegal is a
developing country with a total area of 196,190 km’
located at the western side of the African continent
with a population estimated at 16,000,000.
The sampling design based upon the guidelines of the
World Health Organisation (WHO) for Oral health
survey was adapted to include 2 randomly chosen
primary schools in the capital city, 2 in each of 2
different regional capitals and 2 in * areas ”. In each
site, 25 subjects were recruited randomly, which
gave a total of 200 school children to be included in
the study. To be sure that this number would be
reached, 1 or 2 more children in each school were
added to the previously programmed 25. The study
protocol was approved by the local ethical committee
and further validated by the health service authorities
in each site.
Children were included when the following criteria
were met: complete primary dentition with no
permanent tooth, age between 5 to 6 years, and
absence of caries and proximal restorations. In
addition, prior to entry into the study, a consent form
was given to the parents, guardian or caregiver
explaining the nature of the investigation and
requesting authorization to examine the children and
take impressions of their teeth.
Alginate impressions of the maxillary and
mandibular arches and wax bite registrations in
centric occlusion were then obtained from each
subject. The impressions were poured in white
orthodontic stone, and the casts subsequently
trimmed with the back horizontal to the occlusal
plane. Study models with broken teeth or large voids
were later excluded.
Data collection procedure
The following variables were registered:

1) Sociodemographic data including age and

gender were obtained directly from the children
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and their parents and confirmed with the school
registers.

2) Intra-arch and inter-arch relationships of the
maxillary and the mandibular teeth were
analysed using the study models. Linear
measurements were registered using a digital
caliper accurate to 0.01 mm (Mitutoyo
Corporation, Tokyo, Japan) held parallel to the
occlusal plane.

The following parameters were analysed:
e [ntra-archrelationship
- Primate or Anthropoid spaces were assessed
dichotomously as present or missing
- Arch perimeter was measured from the distal
surface of second primary molar on one side,
to the second primary molar on the other side
- Width (mm) of the Primate or anthropoid
spaces summed together
- Width (mm) of interincisal spaces also known
as Bogue's diastema
- Total spaces including Primate's and Bogue's
diastema and other spaces
e [nter-archrelationships
- Molar relationships
In the sagittal plane, the maxillary and mandibular
molar relationships were assessed using the terminal
plane as described by Chapman.
Flush terminal plane: The distal surfaces of the upper
and lower second primary molars in the same vertical
plane in centric occlusion.
Distal step plane: The distal surfaces of the lower
primary second molar in posterior relationship to the
distal surface of the upper second molars in centric
occlusion.
Mesial step plane: The distal surfaces of the lower
primary second molar in anterior relationship to the
distal surface of the upper second molars in centric
occlusion.
Crossbite assessed dichotomously as present or
absent. Crossbite is deemed to be present if a
transverse relation of cusp to cusp or worse exists in
the buccal segment
- Canine relationships
Canine relationships were assessed as 3 Classes
equivalent to the Angle's classification for permanent
canines.
Class 1 The tip of the upper primary canine in the
same vertical plane as the distal surface of the lower
primary canine in centric occlusion.
Class 2 The tip of the upper primary canine in anterior
relationship to the distal surface of the lower primary
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canine in centric occlusion.
Class 3 The tip of the upper primary canine in
posterior relationship to the distal surface of the
lower primary canine in centric occlusion.
- Incisor relationships
Presence or absence of:

- anterior crossbite,

- Anterior open bite.

- Extent ofthe overjet

- Extentofthe Overbite
All the aforementioned parameters were registered
by the same examiner (BC) who underwent a
calibration exercise after which kappa value of 0.85
to 1 for the qualitative variables and intraclass
correlation coefficient (ICC) =0.70 to 0.89 for linear
measurements were reached.

Data analysis

Qualitative variables were described as number and
percentages. As for quantitative variables, their
distributions, evaluated on the basis of skewness and
kurtosis, were normal. Thus, central tendencies were
described by means, and dispersion by standard
deviations.

The chi-square test was used to analyse the intensity
of the relationships, between qualitative variables. In
the case of low frequencies, Fisher's exact test was
computed.

Independent sample test was performed to search for
any association between the dichotomized
qualitative and the quantitative variables.

Statistical analyses were performed using SPSS
“Statistical Package for Social Sciences” (SPSS
15.0.1 - November 2006). P-values less than 0.05
were interpreted as statistically significant.

Results
In all, 201 children (96 girls and 105 boys) with
analysable study cast were included in this study.

Intra-arch relationships

Maxillary and mandibular primate spaces were
present in respectively 92.45 and 70.3% of the
children. Regarding gender, more girls than boys
lack Primate Spaces in both arches (Figure 1). Chi
square test was used to compare the influence of
gender on the presence of Primate Spaces. It showed
a significant difference for the lower arch (p = 0.03)
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but not for the upper arch (p=0.42).

The measurements of both arches' perimeter are
displayed in Table 1.

The maxillary and mandibular arch perimeters are
larger in boys than in girls, with a mean difference of
2.46 mm and 2.60 mm respectively for the upper and
lowerarch (p=0.0001).

The width of Primate Spaces ranged from 0 to 7.4 mm
in the maxilla and 0 to 5.5 mm for the mandible. The
Primate Space was larger in the maxilla than in the
mandible but no sexual dimorphism was noticed (p =
0.68 and 0.64 respectively for the maxilla and the
mandible).

The amount of total space available in the arches
ranged between -1.5to 14.5 mm and -2 mm to 13.25
mm respectively for the maxilla and the mandible.
Boyshad larger spaces than girls (Table 1).

Inter-arch relationships

Molar relationships

Figure 2 displays the molar relationships in both the
sagittal and transverse plane.

In the sagittal plane, flush terminal plane
predominates followed by mesial step plane. No
subject displayed distal step plane but 10.4 % of the
girls and 12.4 % of the boys displayed asymmetrical
terminal plane (mesial in 1 side and flush in the other
side). No significant gender differences were noted
regarding the terminal planes (p =0.46).

As for the transverse plane, the majority of subjects
(91.7% of the girls and 96.2% of the boys) have
normal relationships (p=0.24).

Canine relationships

The relationships between the upper and lower
canine in the sagittal plane are mostly Class 1 (95%).
Class 2 relationships are not found in Girls but are
found in 1% of the boys. Asymmetrical relationships
are found in 3.1 and 1.9 % of girls and boys
respectively (Figure 3). There are no gender
differences regarding canine relationships (p =0.40).

Incisors relationships

Almost half of the subjects had a positive overjet >
2mm. Edge to edge incisor relationships are found in
2.6 % of the subjects and reverse overjet accounted
for 1 and 2% respectively for girls and boys (Figure
4).
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Table 1: Measurements of arch perimeters, primate spaces and total spaces for maxillary and

mandibular arches in boys and girls of the sample

Gender Minimum Maximum Mean Standard Test t
(mm) (mm) (mm) deviation (mm) P value
Maxillary Boys 70.44 85.32 79.49 3.02 < 0.0001
Arch perimeter Girls 66.68 84.64 77.03 3.23
Mandibular Boys 66.01 79.39 72.68 2.95 < 0.0001
Arch perimeter Girls 61.85 78.80 70.08 3.11
Maxillary Boys 0.00 7.40 2.54 1.52 0.68
Primate Spaces Girls 0.00 7.00 2.45 1.65
Mandibular Boys 0.00 5.50 1.30 1.22 034
Primate Spaces Girls 0.00 4.00 1.04 1.12
. Boys 0.00 14.50 5.99 3.26 0.09
Total maxillary Spaces Elils 150 12.69 555 3.39
. Boys 1.52 13.25 3.77 3.20 0.12
Total mandibular Spaces Girls 200 12.00 3.03 2.90

Table 2: Comparison of the maxillary intra-arch relationships found in this study with

those published earlier.

. Arch Interincisal Anthropoid Total spaces
Authors/ No of subjects Method of ) ¢ . P P
perimeter  diastema spaces
year Gender/Age  assessment o o o
(%) (mm) (%) (mm) (%)  (mm)
Otuvemi et al 294 boys Clinically Not Not Not
uyemietal, 531 girls from the ° 377 0 461 28 756 O
1997 3 . assessed assessed assessed
to 4 years patient
. 59 boys
Warren et Bishara, o On study Boys : 72 Not Not Not Not Not Not
53 girls . asse- asse- asse-
2001 casts Girls : 69.7 assessed assessed assessed
4 to 5 years ssed ssed ssed
48 boys On study Boys: 73.7 Not Not Not
. . ; 69.6 70 61.1
Abu Alhaija et 39 girls casts Girls: 71.55 assessed assessed assessed
Qudeimat, 5 to 6 years
2003 : _
1048 boys et girls  Clinically Not 696 Not 70 Not 611 Not
2 to 5 years from the assessed assessed assessed assessed
patient
105 bovs Boys: 79.48 Boys: Not Boys: Boys: Boys: Boys:
. . y On study Girls: 77.03  83.8 assessed 94.3 2.5 97.1 6
This study 96 girls S . o - .
5t0 6 ; casts Girls: Girls: Girls: Girls: Girls:
0 byears 78.1 906 24 958 55
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Table 3: Comparison of the mandibular intra-arch relationships found in this study with

those published earlier.

. Arch Interincisal ~ Anthropoid Total spaces
Authors/ No of subjects Method of M . P P
perimeter  diastema spaces
year Gender/Age  assessment
mm (%) (mm) Q%) (mm) (%) (mm)
Otuyemi et al 294 boys Clinically Not Not Not Not
uyemt ! 231 girls from the ° 44 ° 568 O 75.6 ©
1997 (37) 3 . assessed assessed assessed assessed
to 4 years patient
. 59 boys
Warren et Bishara, 53 girlys On study Boys : 68.3 aNsosL— Not aNsoste— Not aNs(_:,te— Not
2001 (43) casts Girls : 64.4 assessed assessed assessed
4 to 5 years ssed ssed ssed
48 boys On study Boys: 687 Not  Not 5107 Boysi23 o Not
Abu Alhaijaet 39 girls casts Girls: 65.39  asse- assessed Girls: 1.47 "~ assessed
Qudeimat, 5 to 6 years ssed
2003 1048 boys et girls  Clinically Not 696 Not 517 Boysi23 Not
2to 5 years from the assessed assessed ~ 7' Girls: 147 784  assessed
patient
Boys: Not Boys: Boys: Boys:
105 boys .
This study 96 it Onstudy  Boys:726 705 assessed 771 13 905 Boys: 32
giris casts Girls: 70.07  Gils: Girls:  Girls: Girls:  Girls: 3.03
5to 6 years : ’ ’ ) T
70.07 63.5 1.03 82.7

Table 4: Comparison of inter-arch relationships found in this study with those

published earlier.

Author(s)/
year

Baume (1950)

Farsi et Salama
(1996) (19)

Otuyemi et al.

(1997) (37)

Abu Alhaija et
Qudaimat, (2003) (2)

This study
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Sagittal molar
relationships

76% Flush terminal plane
14% Mesial step plane
10% Distal step plane

80% Flush terminal plane
12% Mesial step plane
8% Distal step plane

75.5% Flush terminal plane
20.9% Mesial step plane
2.19% Asymmetrical73.3% Class1

37% Flush terminal plane
47.7% Mesial step plane
3.7% Distal step plane
11.6% Asymmetrical

61.1% Flush terminal plane
27.4% Mesial step plane
11.4% Asymmetrical

Sagittal canine

relationships

Not assessed

50% Class1
37.7% Class2
11.8% Class3

3 % Class2
11.7% Class3
8.8% Asymmetrical

50% Class1
37.6% Class2
11% Class3

94.5 % Class1

0.5% Class2

2.5% Class3

2.5% Asymmetrical

Overjet

Not assessed

76%: 0<Overjet<2mm
2.5%: Overjet>6mm
2% : Overjet<0

68.8%: normal
14.7%: increased
9.7%: reduced
7%: negative

Not assessed

Overjet<0 =3%
Overjet =0 31.8%

0< Overjet <2 = 48.8%
Overjet >2 = 16.4%

West Afr J Orthod. Vol. 6 No.2 December, 2017
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Figure 1: Anthropoid/Primate spaces comparison based on gender
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Figure 2: Molar relationships in both the sagittal and transverse plane.

120
S 100
o8
80
>
(S
c
Q 60
= M Girls
o
D 40  Boys
-
L.
) -
0 124 o 0
0 83 38
Asymmetrical Flush Mesial Distal Crossbite Normal
Sagittal plane Transverse plane

Molar relationships

West Afr J Orthod. Vol. 6 No.2 December, 2017 19



Badiane A. et al Occlusal relationships in Senegalese aged 5-6 years

Figure 3: A comparison of canine and asymmetric relationships.
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Figure 4: Sagittal incisal relationships
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Discussion

Occlusal characteristics of primary dentition can be
assessed clinically on the subject's dentition or on
study casts obtained from the subjects. Both methods
have their advantages and limitations. A direct
examination allows inclusion of more subjects and is
less expensive but might be less accurate.
Information from study cast though more precise are
costly and might not be suitable for large
epidemiological surveys. In this study, the choice was
made to favour the use of study casts in a relatively
small but still representative sample.

Tables 2 to 4 display comparison of intra-arch and
intra-arch relationships of primary dentition for 3
different ethnic groups as reported in former studies.
The Intra-arch relationships in this sample are
characterized by the presence of anthropoid (primate)
spaces in 92.45 and 70.3 % of the subjects
respectively for the maxilla and the mandible. A
smaller rate of anthropoid spaces was observed in
Kenyan children aged 3 to 6 years (85%). Moreover,
Abu Alhaija and Qudaimat (2003) reported a
prevalence rate of 69.6 % for the maxilla and 51.2 %
for the mandible among Jordanian children aged 4 to
5 years™. However, in the same study, these reached
70.8 % among children in the age bracket 5-6 years.
Otuyemi and coworkers found in Nigerian children
aged 3 to 4 years 46.1 % and 56.8 % of anthropoid
spaces respectively for the upper and the lower arch *’.
In Caucasian children, Foster et al., reported
anthropoid spaces in 70% of children 2.5 to 3 years
old”.

These discrepancies may be related to the age
differences among the different samples. In our study,
the choice we made was to include only children aged
5/6 years without any permanent tooth. We assume
that the characteristics of the primary dentition
predictive of good occlusal relationships in the
permanent dentition should be present at this age.

Their absence might be regarded as some form of

West Afr J Orthod. Vol. 6 No.2 December, 2017
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abnormality.

Another reason accounting for the larger primate
spaces in our sample may be their older age group.
With amean 0f2.54 + 1.52 mm for boys et 2.45+ 1.65
mm for girls, the maxillary anthropoid spaces are
wider than the mandibular ones (1.30 mm + 1.22 and
1.04 mm= 1.12respectively for boys and girls).
Overall, it appears also that these spaces are larger in
boys than in girls.

Concerning interincisal spaces also known as
Bogue's diastema, their presence in 78.1% of girls
and 83.8% of boys in the maxilla and 74% of girls and
70.5% of boys in the mandible might be considered as
positive since they have been associated with lower
incisor crowding. In comparison only 40% of
children presented these spaces in another West
African study”’.

Regarding inter-arch relationships, the majority of
children displayed a flush terminal plane which was
found in 65.60 % of girls and 57.10 % of boys. Mesial
terminal plane was found in 24 % and 30.5 % of girls
and boys respectively while an asymmetrical
terminal plane was seen in 10.4 of girls and12.4 of
boys. Distal terminal plane on both sides was not
found in this sample. These results compare well with
those reported in Nigerian (74,5 % for flush terminal
plane) and Saudi Children (80 % flush terminal plane)
but they depart from those reported by Kabue et al.,
1995 in Kenyan ( 53% flush terminal plane, 43%
mesial terminal plane and 1% for distal terminal
plane), Abu Alhaija and Qudeimat in Jordanians
(37% flush terminal plane, 47.7% mesial terminal
plane and 1% for distal terminal plane) and Kisling
(68%) in Danish children *"*"*'

Following a study in white, black and Apache Indian
children, Infante suggested racial differences
regarding inter-arch molar relationships with mesial
terminal planes more frequently found in black than
in white children *.

The upper and lower canine relationships were
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predominantly of Class 1 (94.55 %). Class 3
accounted for 2.5 % and Class 2 for 1 %. Dissimilar
distribution was reported by Farsi and Salama in
Saudi children with Class 1 accounting for 86 %,
Class 2 for 11 % and Class 3,33%".

With regard to sagittal incisors relationships, almost
half of the children of both sex groups had an overjet
ranging from 0 to 2 mm. Reverse overjet was found in
2.5 % of the surveyed children. These findings are in
line with those reported by Abu Alhaija and
Qudeimat with 50% of children in their sample
displaying normal overjet”. However, they also
found crossbite in 11.8% of the subjects. On the other
hand, 76% of Saudi children aged 3-5years have been
reported to have 0 to 2 mm”. In an African sample,
normal overjet was retrieved in 68.6 % and reverse
overjetin7 %"

Abnormal transverse molar relationships (crossbite)
were found in only 2% of girls and 3% of boys in this
sample. Comparable frequencies of crossbite were
reported in Nigerian (4%) and Saudi children (4.8%)
33,34

In Caucasian however, a higher prevalence rate was
reported. For instance Carvalho et al., in Belgian and
Kerosuo et al., in Finnish children found respectively
10 and 13% of crossbite™ *.

Overall, occlusal traits in both intra-arch and inter-
arch relationships, favourable to normal occlusion in
the permanent dentition are mostly displayed in this

References

1. Boyko DIJ. The incidence of primate spaces in fifty
3-years-old children of Burlington study. Am J
Orthod 1968;54:465-

2. Foster TD, Hamilton MC. Occlusion in the primary
dentition. Br Dent J1969;126:76-79.

3. Leighton BC , Howard RD. Orthodontics--the last
hundred years. Br Dent J7-7-1981;151:14-19.

4. Kohler L, Holst, K. Malocclusion and sucking

habits of four year--old children. Acta Paediatr
Scand 1973;62:373-379.

5. NandaRS, KhanI, Anand R. Effectoforal habits on
the occlusion in preschool children. ASDC J Dent
Child1972;39:449-452.

22

Occlusal relationships in Senegalese aged 5-6 years

sample. This contrast highly with our findings in a
former study of 42.6% of adolescent 12/13 years old
needing orthodontic treatment according to dental
health component of IOTN **

Conclusion

Overall, occlusal traits in both intra-arch and inter-
arch relationships, favourable to normal occlusion in
the permanent dentition were mostly displayed in this
sample. Significant gender differences were observed
in the presence of primate spaces and in the arch
perimeters. The girls recorded a significantly lower
amount of primate spaces than the boys, while the
boys recorded significantly larger maxillary and
mandibular arch perimeters. The inter-arch
relationships did exhibit any significant gender
differences, with most of the participants exhibiting
neutrocclusion.

Authors’ Contributions

All the other authors contributed substantially to data
collection, analysis, and write-up. All authors
approved the final manuscript.

Funding/Grants
Funded by the authors

Conflict of Interest
None declared

6.  Kisling EKG. Patterns of occlusion in 3-year-old
Danish children. Community Dent Oral Epidemiol
1976;4:152-159.

7. Joshi MR , Makhja PG. Some observations on
spacing in the normal deciduous dentition of 100
Indian children from Gujarat. Br J Orthod
1984;11:75-79.

8. Bogue E.A. Orthodontia of the deciduous teeth.
Dental digest 1912;18:547-677.

9. Chiavaro A. Malocclusion of the temporary teeth.
IntJ Orthod1915;1:171-189.

10. Baume LJ. Physiological tooth migration and its
significance for the development of occlusion; the
biogenesis of the successional dentition. J Dent Res
1950;29:338-348.

West Afr J Orthod. Vol. 6 No.2 December, 2017



Badiane A. et al

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

Baume LJ. Physiological tooth migration and its
significance for the development of occlusion. I. The
biogenetic course of the deciduous dentition. J Dent
Res 1950;29:123-132.

Kerosuo H. Occlusion in the primary and early

mixed dentitions in a group of Tanzanian and
Finnish children. ASDC J Dent Child 1990;57:293-
298.

Farsi NM , Salama FS. Characteristics of primary
dentition occlusion in a group of Saudi children. /nt
J Paediatr Dent 1996;6:253-259.

Abu Alhaija ES , Qudeimat MA. Occlusion and
tooth/arch dimensions in the primary dentition of
preschool Jordanian children. /nt J Paediatr Dent
2003;13:230-239.

Alamoudi N. The prevalence of crowding, attrition,
midline discrepancies and premature tooth loss in
the primary dentition of children in Jeddah, Saudi
Arabia. J Clin Pediatr Dent 1999;24:53-58.
Anderson AA. The dentition and occlusal
development in children of african american
descent. Angle Orthod2007;77:421-429.

Anderson AA. Occlusal development in children of
African American descent. Types of terminal plane
relationships in the primary dentition. Angle Orthod
2006;76:817-823.

Bishara SE, Khadivi P, Jakobsen JR. Changes in
tooth size-arch length relationships from the
deciduous to the permanent dentition: a longitudinal

study. A4m J Orthod Dentofacial Orthop
1995;108:607-613.

Berman DS. Prevention in the primary dentition. /nt
DentJ1967;17:353-367.

Dausch-Neumann D. Orthodontic treatment in
primary dentition. IsrJ Dent Sci 1988;2:31-37.

Saleemi MA, Hagg U, Jalil F, Zaman S. Dental
development, dental age and tooth counts. A

prospective longitudinal study of Pakistani children.
Swed Dent J1996;20:61-67.

Farsi NM , Salama FS. Sucking habits in Saudi
children: prevalence, contributing factors and
effects on the primary dentition. Pediatr Dent
1997;19:28-33.

Kondo S, Funatsu T, Wakatsuki E, Haung ST,
Change SY, Shibasaki Y, Sasa R. Sexual

West Afr J Orthod. Vol. 6 No.2 December, 2017

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Occlusal relationships in Senegalese aged 5-6 years

dimorphism in the tooth crown dimensions of the
second deciduous and first permanent molars of
Taiwan Chinese. Okajimas Folia Anat Jpn
1998;75:239-246.

Anderson AA. Dentition and occlusion

development in African American children:
mesiodistal crown diameters and tooth-size ratios of
primary teeth. Pediatr Dent 2005;27:121-128.

Harris EF , Lease LR. Mesiodistal tooth crown

dimensions of the primary dentition: A worldwide
survey. AmJ Phys Anthropol 13-5-2005;

Abu alhaija E , qudeimat M. occlusion and tooth
arch dimension in the primary dentition of preschool
Jordanian children. division of orthodontics and
division of pediatric dentistry 2003;13:230-239.

Otuyemi OD, Sote E, Isickwe M, Jones S. occlusal
relationships and spacing or crowding of teeth in the
dentitions of 3-4-years-old Nigerian children. /nt J
Paediatr Dent 1997;7:155-160.

Ngan PW, Wei SH, Yen PK. Orthodontic treatment
of the primary dentition. J Am Dent Assoc
1988;116:336-340.

World Health Organization (WHO). Oral Health
Surveys-Basic Methods. 1997;4th:

Kabue MM, Moracha JK, Ng'ang'a PM.

Malocclusion in children aged 3-6 years in Nairobi,
Kenya. East Afr MedJ 1995;72:210-212.

Ravn JJ. Sucking habits and occlusion in 3-year-old
children. ScandJ Dent Res 1976;84:204-209.

Infante PF. Malocclusion in the deciduous dentition

in white, black, and Apache indian children. Angle
Orthod 1975;45:213-218.

Carvalho JC, Declerck D, Vinckier F. Oral health

status in Belgian 3- to 5-year-old children. C/in Oral
Investig 1998;2:26-30.

Kerosuo H, Abdulkarim E, Kerosuo E. Subjective
need and orthodontic treatment experience in a
Middle East country providing free orthodontic
services: a questionnaire survey. Angle Orthod
2002;72:565-570.

Ngom PI, Diagne F, Dieye F, Diop-Ba K, Thiam F.
Orthodontic treatment needs and demands in
Senegalese school children aged 12-13 years. An

appraisal using IOTN and ICON. Angle Orthod
2007;77:323-330.

23






