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Relationship between Lower Incisors Crowding,
Incisor Position and Craniofacial Morphology
SUMMARY

The aim of this study was to evaluate correlation between incisor
mandibular crowding and vertical craniofacial configuration or sagittal
lower incisor position. The investigation was made on mandibular dental
casts and lateral cephalometric radiographs of 100 children at the age of
9-12 years. Evaluation of the degree of mandibular incisor crowding was
made on mandibular dental casts, as a difference between the arch length
of the anterior segment minus the combined mesio-distal tooth widths of
the mandibular front teeth. On all cephalograms, 16 parameters of vertical
craniofacial configuration and 9 parameters of lower incisor position were
measured. Arithmetic mean values, standard deviations, and ranges were
computed for all data. Further, correlation coefficients were calculated
between anterior crowding and all 25 cephalometric parameters. The mean
degree of crowding was 2.2 mm with a range of 1.0 to 6.6 mm. The values
of all cephalometric parameters were close to well accepted published
norms. The correlation coefficients between lower incisor crowding and all
cephalometric parameters varied from r = 0.01 to r = 0.21.
According to this study there were no correlations between mandibular
anterior crowding and vertical craniofacial configuration or sagittal lower
incisor position.
Keywords: Lower Incisor Crowding; Dentofacial Morphology;
Vertical Skeletal Morphology; Lower Incisor Position

Introduction
Dental crowding can be defined as a disparity in the
relationship between tooth size and jaw size10. Conditions
which may predispose the dental crowding are excessively
large teeth, excessively small bony bases of the jaws, a
combination of large teeth and small jaws22, and the shape
and function of the oral musculature4,22. Nance described
dental crowding as the difference between the space
needed in the dental arch and the space available in that
arch - that is the space discrepancy10. Thus, crowding can
be described as an expression of an altered tooth/ tissue
ratio or as dentoalveolar disproportion4,7.
Today with the contemporary man, the number of
primary crowding cases is increasing compared to other
orthodontic irregularities.
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Space problems in the mandibular anterior segment
are the most frequent form of malocclusion5. Mandibular
anterior crowding is identified as the discrepancy between
mesio-distal toothy widths of 4 permanent incisors and the
available space in the alveolar process. However, incisor
crowding is not merely a tooth-arch size discrepancy
but a discrepancy among many variables26. Anterior
crowding seems, however to be more than a problem of
tooth size. The space problems are not only associated
with variations within the dentition itself, but may even be
related to the general craniofacial pattern of the individual
and variations of the direction of the growth in the
mandibular condyles20.
Several factors can be assumed to affect the
development and the severity of mandibular crowding,
such as direction of mandibular growth3, early loss
of deciduous molars23, mesio-distal tooth and arch
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dimensiones10, the oral and perioral musculature26, and
incisor and molar inclination26.
Lower anterior crowding is a relevant topic to
explore because it has an impact on prognosis, application
of treatment methods, and retention. The aim of this study
was to evaluate correlation between incisor mandibular
crowding and vertical craniofacial configuration or
sagittal lower incisor position, through determination of:
1.
2.
3.
4.
5.

The degree of lower incisor crowding;
Vertical skeletal parameters as indicators of facial
growth directions;
Parameters that locate mandibular incisor position;
Correlation between the degree of lower incisor
crowding and the vertical skeletal dimension;
Correlation between the degree of lower incisor
crowding and lower sagittal incisor position.

Material and Method
Our investigation was made on mandibular dental
casts and lateral cephalometric radiographs of 100
children at the age of 9-12 years. Evaluation of the degree
of mandibular incisor crowding was made as a difference
between the arch length of the anterior segment minus the
combined mesio-distal tooth widths of the mandibular
front teeth.
The arch length of the anterior segment (arch
circumference), defined as the distance between the distal
contact points of contralateral deciduous canines, was
determined by use of a transparent arcumeter (Fig. 1).
Mesio-distal tooth widths (generally at the anatomical
contact point) of the lower incisors and deciduous canines
were measured with sliding calipers to the nearest 0.1 mm.

Figure 1. Schematic representation of transparent arcumeter positioned
on lower arch to measure incisor crowding
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All cephalometric radiographs were obtained
under identical conditions and taken with the patient’s
teeth in centric occlusion. All necessary landmarks
were located and the resulting reference lines were
drawn .The most labial inclined incisor was traced so
that the incisal edge and apex of the template coincided
with these structures in the cephalogram. All angular
measurements were performed with a protractor, with
interpolation to 0.50. All linear measurements were
performed with an enlarged scale ruler that allowed
measurements to 0.5 mm.
Arithmetic mean values, standard deviations, and
ranges were computed for all data. To evaluate the
relationship between measured cephalometric findings
and anterior mandibular crowding, a correlation analysis
was performed.
In the cephalometric radiographic analysis, angles
and distances were measured that generally accepted as
indicators of facial growth directions and lower incisor
position. There were grouped into: (1) variables that
measure skeletal configuration and (2) variables that
locate mandibular incisor position.

Vertical Skeletal Variables

1. Vertical skeletal variables by Downs (Fig. 2)
●● FH/MP;
●● FH/Y axis;
●● FH/NPg.

Figure 2. Vertical skeletal variables by Downs
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2. Vertical skeletal variables by Hasund (Fig. 3)
●● N-Sna/Sna-Me - facial height index - the proportion
of upper (1) to lower (1a) anterior facial height;
●● N-S-Ar-Go-Me - sum of angle N-S-Ar (2), S-Ar-Go
(2a) and Ar-Go-Me (2b).
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4. Vertical skeletal variables by Schwarz (Fig. 5)
●● OcP/MP;
●● Sna-Snp/MP - base angle.

Figure 5. Vertical skeletal variables by Schwarz
Figure 3. Vertical skeletal variables by Hasund

3. Vertical skeletal variables by Jarabak (Fig. 4)
●● S-Go/N-Me- ratio - the proportion of posterior (1) to
anterior (1a) facial height;
●● Ar-Go-Me (2) - gonial angle - divided into upper
Ar-Go-N (2b) and lower N-Go-Me(2a) components.

Figure 4. Vertical skeletal variables by Jarabak

5. Vertical skeletal variables by Steiner (Fig. 6)
●● SN/Go-Gn.

Figure 6. Vertical skeletal variables by Steiner
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6. Vertical skeletal variables by Ricketts (Fig. 7)
●● Sna-Xi-Spm - lower facial height;
●● N-Ba/Pt-Gn - facial axis.

Lower Incisors Crowding and Craniofacial Morphology 95

2. Variables by Schwaninger (Fig. 9)
●● “Hold-2”- 2 lines are constructed parallel to NB; one
line passes through the incisal edge, the other through
the Ii apex (1).

Figure 7. Vertical skeletal variables by Ricketts

Variables that Locate Mandibular Incisor Position

1. Variables by Holdaway (Fig. 8)
●● Ii-NB/NB-Pg - ratio Ii to NB(a) and NB to Pg(b) =
“Hold-1”.

Figure 8. Variables by Holdaway

Figure 9. Variables by Schwaninger

●●

3. Variables by Jarabak (Fig. 10)
Ii-NPg - distance from Ii to NPg (1).

Figure 10. Variables by Jarabak
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4. Variables by Ricketts (Fig. 11)
●● Ii/APg - taken as the angle (1);
●● Ii-APg - taken as the distance (2).

Figure 11. Variables by Ricketts

5. Variables by Steiner (Fig. 12)
●● Ii/NB - taken as the angle (1);
●● Ii-NB - taken as the distance (2).
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6. Variables by Tweed (Fig. 13)
●● Ii/MP (1);
●● Ii-FH (2).
(Ii = inferior incisor = most labially inclined lower incisor)

Figure 13. Variables by Tweed

Results and Discussion
Lower incisor crowding is seen in malocclusions
that are primarily dental in nature and those with atypical
skeletal patterns9.

Degree of Crowding

Figure 12. Variables by Steiner

The sample distribution by severity for each sex
is illustrated in table 1. The table presents 3 arbitrary
groupings of lower incisor crowding. These were labelled
as minimal (1.0-2.0 mm), moderate (2.1-4.0 mm) and
severe (4.1 mm and grater). Measurements of casts
provided a mean degree of crowding of 2.2 mm, with a
range extending from1.0 to 6.6 mm. No sex differences
were evident .The table demonstrates that the most of
samples fell within the minimal and moderate groups.
This is a consequence of non-selection. Primary crowding
as well as spacing (both an expression of tooth/jaw size
discrepancy) are freely fluctuating characteristics with
a continuous quantitative distribution, ranging from
severe spacing, over balanced space conditions, to
extreme crowding16. Although selected by their existing
crowding, these patients still seem to be representative
of a Caucasian population since all their cephalometric
parameters were well within the accepted range. The few
existing differences could be readily explained by minor
variations in the roentgenographic method, as well as by
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varying definitions of the “ideal”, patient’s age, and ethnic
backgrounds in the reference studies12.
Table 1. Distribution of crowding according to severity (mm)
and gender
Degree of crowding

Boys

Girls

1.0 - 2.0 mm

37

16

53

2.1 - 4.0 mm

19

22

41

1

5

6

57

43

100

4.1 mm and >

Total

The mean age of our patients was 125 months (10.3
years), the minimal age was 105 months (8.7 years), and
the maximal was 145 months (12.0 years). Primarily, the
relatively high mean age of our patients is surprising since
eruption of lateral incisors is normally finished at about
8.5 years. The fact that these patients were much older
on average might be due to the existing lack of space
which, according to Witt at al19, delayed eruption of the
permanent incisors.

Vertical Skeletal Measurements

Table 2. Vertical skeletal measurements

N-S-Ar
S-Ar-Go
Ar-Go-Me
Ar-Go-N
N-Go-Me
N-S-Ar-Go-Me
S-Go/N-Me
N-Pg/FH
Y oska
FH/MP
N-Ba/Pt-Gn
Sna-Xi-Spm
Sna-Snp/MP
OcP/MP
SN/Go-Gn
N-Sna/Sna-Me

X
122.8
145.1
125
54.3
74.4
393
63.3
79.8
63.7
32.7
88.7
46.7
28.7
16
35
83.6

SD
6.29
7.09
6.30
4.39
4.79
16.53
5.09
3.29
3.40
5.09
3.43
4.69
5.69
4.18
5.80
8.09

Table 3 illustrates the findings in this sample for
measurements related to lower incisor position. As in
vertical skeletal measurements, these values were similar
to standard values reported in the literature. Noticeable
difference was recorded only for dental parameter
Ii-FH (again depending on FH). Ii-FH was lower in the
study’s patients than Tweed’s mean value. This variance
may be related to Tweed’s ideal of what was considered
an optimal facial pattern; the optimal facial pattern is
viewed now by many critical clinicians as an excessively
upright lower incisor angulation. At the same time, the
difference in incisor angulation from the mean value is
reflected in the “Hold-1” and “Hold-2” measurements.
Finally, a further explanation for differences between
our data and those of the pertinent literature could
be a consequence of this sample’s lower mean age.
Under all these premises, the apparent conformity of
cephalometric evaluation indicated that our patients
could be considered as representative of a normal
population and also that age differences may be of minor
importance.
Table 3. Lower incisor position measurements
Variables

Table 2 illustrates the average values, standard
deviations, and ranges of all angular and linear vertical
skeletal measurements. The values of this study are
similar to standard values reported in the literature.
Skeletal differences were found in angles depending on
FH (FH/MP, facial angle and Y-axis). These variances
might be a result of the differences in technique of tracing
and radiographic equipment.

Variables

Lower Incisor Position

Min
111
129
113
45
65
354
54
71
56
22
80
37
17
7
23
69

Max
136
164
135
65
83
421
75
86
72
41
96
57
40
26
45
103

X

SD

Min

Max

Ii/FH

54.7

6.89

42

72

Ii/MP

92.8

6.09

80

105

Ii/A-Pg

22.2

4.79

12

32

Ii/NB

25.2

5.20

13

36

Ii-A-Pg

0.3

2.29

-4

5

Ii-N-Pg

2.2

3.16

-4

8

Ii-NB

4.4

2.09

0

8

Ii-NB/NB-Pg

3.4

2.61

-5

8

11.8

2.59

6

17

“Hold-2”

Correlation Analysis

In table 4 correlation coefficients (r) between the
degree of incisor crowding and the vertical dimensions
are shown. The findings for correlation coefficients were
between 0.01 and 0.21, which indicated the absence of
relationship between lower anterior crowding and any of
the vertical skeletal dimensions.
A second correlation analysis, which was performed
between the degree of incisor crowding and lower incisor
position, is shown in table 5. The findings for correlation
coefficients were between 0.01 and 0.20, which indicated
the absence of relationship between lower anterior
crowding and lower incisor position.
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Table 4. Correlation coefficients (r) between lower incisor
crowding and vertical skeletal measurements
Variables

r

N-S-Ar

-0.08

S-Ar-Go

-0.02

Ar-Go-Me

-0.01

Ar-Go-N

-0.04

N-Go-Me

-0.06

N-S-Ar-Go-Me

-0.03

S-Go/N-Me
N-Pg/FH

0.12
-0.21*

Y oska

0.02

FH/MP

0.11

N-Ba/Pt-Gn

-0.15

Sna-Xi-Spm

0.10

Sna-Snp/MP

0.14

OcP/MP
SN/Go-Gn
N-Sna/Sna-Me

-0.06
0.12
-0.03

Table 5. Correlation coefficients (r) between lower incisor
crowding and lower incisor position
Variables

r

Ii/FH

-0.13

Ii/MP

-0.12

Ii/A-Pg

0.01

Ii/NB

0.14

Ii-A-Pg

0.07

Ii-N-Pg

-0.06

Ii-NB

-0.20*

Ii-NB/NB-Pg

0.11

“Hold-2”

0.03

It was concluded that there were no definite linear or
nonlinear relationships between lower anterior crowding
and the selected, separately measured, radiographic
variables.
It is hardly surprising that all correlation coefficients
for skull configuration and incisor inclination were
of similarly low value since many of the evaluated

parameters depend on identical or at least on similar
reference point or lines. This creates the typical problem
of multicollinearity. In the context of multicollinearity,
one open point to criticism is that only NS-GoGn was
measured, but also the sum angle, which is simply the
sum of NS-GoGn+3600 12. Results are compatible with
those of Miethke18,19, who also did not find correlations
between lower incisor crowding and either skeletal
morphology or lower incisor position. Howe et al10 and
Sinclair and Little28 also found no clinically significant
association between various mandibular parameters and
incisor crowding.
On the other hand, Berg1 evaluated crowding of
dental arches longitudinally from 6 to 12 years of age
and reported a significant negative correlation between
S-N and lower facial length dimensions at the age of 6
years. He also found that, when compared with normal
subjects, children with crowding were characterized by
significantly lower mean values for mandibular length.
Sakuda et al24 reported a significant correlation
between an increase in lower incisor crowding and high
mandibular plane angles, short mandibular body lengths,
great upper face height, and small vertical dimensions in
the upper posterior segments.
A correlation between lower anterior crowding
and growth vector of the mandible was cited by Fisk6.
He believed that a prediction of arch form, final tooth
position, and the available space is possible only if the
relationship between the skeletal growth pattern and
development of the dentition is known.
However, Lundstrom14 found no correlation among
arch dimension changes in the developmental stage,
changes in the incisor position within the mandible, and
direction of mandibular growth.
The results of this study were contrary to Sanin and
Savara26, who observed that between the ages of 8 and
14, in cases with lower incisor crowding, an increase
in lingual crown tipping (alteration of tooth position)
occurred.
Leighton and Hunter12, found that crowded
mandibular dentitions exist in a morphologically distinct
supporting structure, which has a downward growth
direction and relatively deficient amount of growth.
They investigated the relationship between lower
anterior crowding/spacing on one hand and the shape
and growth direction of the face and the mandible on
the other. The results of their longitudinal study showed
that patient with severe crowding (that is tooth sizejaw discrepancy of > 4.0 mm) had a steeper mandibular
plane, greater SNA-SNP to MP angle, shorter mandibular
body, shorter posterior facial height, less mandibular
size increase between the age of 9 and 14, and a more
clockwise (downward and backward) growth pattern of
the mandible. The same conclusions could be drawn from
illustrations of Bjork’s implant studies3.
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To interpret our results, one most consider that this
was a cross-sectional study, while Leighton and Hunter12,
and Sanin and Savara26 examined a longitudinal series.
In addition, differences in technique from those of the
aforementioned authors and the more sophisticated and
intensive statistical analysis applied to the accepted
standards reported in the literature.
The results do not exclude the occurrence of lower
incisor crowding, vertical skeletal excess, and lingually
inclined lower incisor position in individual instances.
Such a set of variables may be present but not necessarily
interrelated. In the cross-sectional sample, there was no
statistical interaction among these variables. Considering
that 53% of our patients showed only minimal crowding
(1.00 to 2.00 mm), which could be regarded as
physiologic, the negative results of correlation analysis is
hardly surprising. If one considers “minimal” crowding to
be a typical physiologic variation of this particular stage
of dental development, one would not expect any specific
vertical skeletal morphology associated with “minimal”
crowding. A statistically significant difference in vertical
skeletal morphology and lower incisor position was not
found between the “minimal” group and the “moderate”
and “severe” groups. Thus, the difference in severity of
lower incisor crowding could not be considered as the
source of contradictory results between this study and
previously cited literature. The correlation analysis itself
had inherent limitations since several variables derived
from the same or closely related reference points and
lines. It is possible that measurement errors obscured a
weakly existing correlation.

Conclusion
The results of this study reinforce the concept that
lower incisor crowding is a local, independent, genetically
determined discrepancy between tooth width and size
of supporting bone. It should be accepted as fact that
lower incisor crowding manifests itself in different
skeletal morphologies, independent of lower incisor
position. Treatment of lower incisor crowding without a
foreknowledge of its cause must therefore be performed
symptomatically, singly, or in combination with
enlargement of the apical base by reduction of the number
of teeth (extraction) or reduction of individual mesialdistal tooth widths (interproximal stripping).
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