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What determines dental protrusion or crowding

while both malocclusions are caused by large tooth size?

Min-Kyu Sun, DDS, MSD," Jae-Hyung Kim, DDS, MSD, PhD,” Jin-Hyoung Cho, DDS, MSD, PhD,
Jeong-Moon Kim, DDS, MS,' Hyeon-Shik Hwang, DDS, MSD, PhD®

Objective: To examine the differences in lateral cephalometric characteristics between patients with dental
protrusion and crowding in order to determine what factors affect dental protrusion or crowding while both
malocclusion types are caused by large tooth size. Methods: Twenty nine individuals with dental protrusion
and 22 individuals with dental crowding were enrolled in this study. All subjects had larger teeth than aver-
age and Class | molar relationships. Craniofacial characteristics and hyoid bone positions were determined
from lateral cephalograms and compared between the two groups. Results: In the comparisons of craniofa-
cial characteristics, the measurements indicating maxillary length and facial convexity showed greater val-
ues in the protrusion group than in the crowding group. Comparisons of hyoid bone positions showed that
the hyoid bone was positioned more anteriorly and superiorly in the protrusion group than in the crowding
group. Conclusions: The results of the present study indicate that some craniofacial characteristics and
tongue position may affect the development of dental protrusion or crowding; when an individual has large
teeth, dental protrusion or crowding might be determined according to maxillary growth and tongue position.
(Korean J Orthod 2009;39(5):330-336)
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INTRODUCTION

Bimaxillary dental protrusion is considered to be a
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rior inclinations of the maxillary and mandibular in-
cisors."” Bimaxillary dental protrusion, with accompa-
nying lip protrusion or lip sealing incompetency, re-
sults in unaesthetic facial profiles. Cox and van der
Linden® reported that persons with poor facial esthetics
generally have a relatively more convex face due to
anterior positioning of the midface, including the teeth.
Keating5 reported the morphological features of bimax-
illary protrusion in a cephalometric study. McCann and
Burden® used dental casts of bimaxillary protrusions
according to Keating’s criteria and found a correlation
between tooth size and bimaxillary dental protrusion.

Dental crowding is defined as a disharmony in the
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available basal arch length and the required arch length
for proper alignment of the teeth.”® Doris et al.” de-
fined crowded arches as those with more than a 4 mm
space deficiency, and reported that all of the teeth in
the crowded group were uniformly larger than in the
good alignment group.

A review of the literature regarding bimaxillary den-
tal protrusion® and dental crowdingg’10 reveals that both
types of malocclusions have larger teeth than normal,
however, their tooth alignment and facial profiles show
different patterns. These findings indicate that other
factors might determine dental protrusion or dental
crowding in an individual with large tooth size.

On the other hand, many etiologic factors have been
suggested for the development of dental protrusion
such as low lip force, mouth breathing, large tongue,
and tongue thrusting habits.'"* However, few studies
have directly compared dental protrusion with dental
crowding. This study was performed to investigate the
differences in the lateral cephalometric characteristics
between dental protrusion and crowding and to de-
termine the etiology of each type of malocclusion.

MATERIAL AND METHODS
Subjects

The sample in this study was selected from the or-
thodontic patient record of a university hospital. For
the first step, patients with larger than average teeth
were selected, on the basis of the four mandibular in-
cisors, as both dental protrusion and dental crowding
are found in patients with large teeth.>”'® The sum of
the four mandibular incisors was required to be larger
than the average (males 22.8 mm, females 22.0 mm).15
Any subject who presented Class II or Class III was
excluded. The patients were also limited to those over
18 years of age.

The final step in the sample selection for the dental
protrusion group was to investigate cephalometric mea-
surements. The patients were restricted to those satisfy-
ing the criteria of Keating’s study;5 a maxillary incisor
angle over 115°, mandibular incisor angle over 99°,
and an interincisal angle under 125°. For the dental
crowding group, they were required to have an arch
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Table 1. Distribution of age and gender in the samples

Protrusion Crowding
Sex Age Age
(Mean = SD) (Mean *= SD)
Male 204 + 16 6 248 + 4.3 7
Female 239 + 64 23 213 £+ 22 15
Total 232 + 59 29 24 +34 22

N, number; SD, standard deviation.

length discrepancy over 4 mm in both the maxillary
and mandibular arches.’ Twenty nine subjects with
dental protrusion and 22 subjects with dental crowding
were selected from 4,500 patient records (Table 1).

Measurement and comparison of tooth size

Patients with dental protrusion or dental crowding
with large teeth were selected based on the dimensions
of their mandibular incisors. However, this did not
mean that all teeth were of equal sizes in the two
groups. In order to confirm size, the mesiodistal diam-
eters of 12 teeth, from the central incisor to the first
molar of both sides in one arch and again in the other
arch, were measured using a digital vernier caliper.
Then, the sums of all of the measured values of the
maxillary arch and the mandibular arch were compared
between the two groups.

Tracing and measurement of lateral cepha—
lometric radiographs

Lateral cephalograms were traced and 16 skeletal
landmarks, 4 dental landmarks, and 8 cervical and hy-
oid bone landmarks were designated as shown in Fig
1. The measurements reflecting the craniofacial charac-
teristics, the incisor positions, and the positions of the
hyoid bones were defined on each tracing. The meas-
urements of hyoid bone positions were determined as
shown in Fig 2.

Statistical analysis

SPSS software (SPSS for windows version 12.0,
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cv2tg

Fig 1. Cephalometric landmarks and tracing used in
this study. S, Sella; Po, porion; Ar, articulare; N, na-
sion; Or, orbitale; Ptm, the eleven o’clock position of
the pterygomaxillary fissure; Ptm', the perpendicular
point from Ptm along palatal plane (ANS-PNS plane);
ANS, anterior nasal spine; PNS, posterior nasal spine;
A, point A; A', the perpendicular point from A along
palatal plane; B, point B; Pog, pogonion; Me, menton;
m, the most posterior point on the mandibular symph-
ysis; Go, gonion; cv2tg, the most posterior point on the
odontoid process of the second cervical vertebra;
cvdip, the most posteroinferior point on the corpus of
the fourth cervical vertebra; cv2ia, the most ante-
roinferior point on the corpus of the second cervical
vertebra; cvdia, the most anteroinferior point on the
corpus of the fourth cervical vertebra; hy, the most an-
terosuperior point on the body of the hyoid bone; hy',
the perpendicular point from hy along the mandibular
plane; apw2, the anterior pharyngeal wall along the line
intersecting cv2ia and hy; apw4, the anterior phar-
yngeal wall along the line intersecting cvdia and hy;
U1, the tip of the upper central incisor; U1R, the root
apex of the upper central incisor; L1, the tip of the low-
er central incisor; L1R, the root apex of the lower cen-
tral incisor.

Chicago, I, USA) was used for the calculation of
means and standard deviations of all the measurements,
and independent t-tests were used to determine sig-
nificant differences between the two groups. A p-value
< 0.05 was considered significant.
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Fig 2. Measurements for hyoid bone position used in
this study. 1, The perpendicular distance from hy to
S-N plane (hy-SN); 2, the perpendicular distance from
hy to palatal plane (hy-PP); 3, the perpendicular dis-
tance from hy to mandibular plane (hy-MP); 4, the per-
pendicular distance from hy to cervical vertebrae tan-
gent (hy-CVT); 5, the distance from hy to m (hy-m); 6,
the distance from hy' to Go (hy'-Go); 7, the distance
from hy to apw2 (hy-apw2); 8, the distance from hy to
apw4 (hy-apw4).

RESULTS
Tooth size comparison

A comparison of the sum of the mesiodistal diame-
ters from the central incisor to the first molar showed
no significant differences between the two groups in
either the maxillary or the mandibular dentitions (Table
2).

Comparison of craniofacial measurements
Comparisons of the craniofacial measurements re-

vealed significant differences between the two groups
in five of seventeen measurements: S-N, A'-Ptm’', SNA,
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Table 2. Comparison of the sum of tooth size between
protrusion and crowding groups (Unit: mm)
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Table 4. Comparison of measurements of the incisor
position in protrusion and crowding groups

Protrusion Crowding

(n = 29) (n = 22)

" t Significance
Mean £+ SD  Mean = SD

Crowding

(n=22 . .
Significance

Protrusion

. (n = 29)
Variables

Mean + SD Mean + SD

+

Maxilla ~ 101.8 + 49 100.1 + 4.3 NS
Mandible = 925 + 4.2 916 + 37 NS

+

N, number; SD, standard deviation; NS, not signi—
ficant.

Table 3. Comparison of craniofacial measurements be-

tween protrusion and crowding groups

Protrusion  Crowding
: (n = 29) (n=22 .. ..
Variables Significance
Mean £ SD Mean + SD

S-N (mm) 710 £ 35 637 + 24
S-Ar (mm) 379 + 39 370 £ 30 NS
Go-Me (mm) 718 + 41 766 £ 4.1 NS
A’-Ptm’ (mm) 509 + 41 482 + 28
PFH/AFH (%) 641 + 40 650 £ 4.2 NS
Saddle angle (°) 1248 + 52 1256 + 4.7 NS
Articular angle (°) 151.1 £+ 58 150.2 + 56 NS
Gonial angle (°) 1214 + 49 1211 + 57 NS
Sum (°) 397.1 £ 48 3970 £ 53 NS
SNA (%) 821 +40 802 * 21
SNB (%) 7715 + 35 712 £ 28 NS
ANB (°) 46 +18 30+ 18
Facial angle (°) 8.0 + 31 875+ 23 NS
Facial convexity (°) 9.2 £ 4.0 47 + 44
FMA (°) 287 44 275 £ 49 NS
PP-MP (°) 274 + 50 262 £ 55 NS
OP-MP (°) 208 + 10.7 188 + 36 NS

N, number; SD, standard deviation; NS, not significant;
p < 0.05.

ANB and facial convexity. All these measurements
showed greater values in the protrusion group than in
the crowding group, indicating that the patients with
dental protrusion have a larger cranial base, longer
macxillary length, and greater facial convexity compared

Ul-SN () 1144 + 58 1074 + 7.1

Ul-APog (mm) 142 +19 95+ 27
L1-APog (mm) 95+ 23 48 + 23 !
Ul-FP (mm) 171 + 22 110 + 34
L1-FP (mm) 125 +26 6329

N, number; SD, standard deviation; p < 0.05.

Table 5. Comparison of hyoid bone position between
protrusion and crowding groups

Crowding

(n=22 . .
Significance

Protrusion

. (n = 29)
Variables

Mean + SD Mean += SD
hy-SN (mm) 1072 + 84 1091 + 89 NS

+
+

hy-PP (mm) 604 + 62 645 + 68
hy-MP (mm) 69 £54 142 £ 110 7
hy-CVT (mm) 533 +39 493 + 104 NS
hy-m (mm) 349 £49 380 +90 NS
hy'-Go (mm) 358 £ 61 30558 i
hy-apw2 (mm) 21.1 +60 224 +72 NS
hy-apw4 (mm) 173 +25 159 + 38 NS

N, number; SD, standard deviation; NS, not significant;
p < 0.05.

to the patients with dental crowding (Table 3).
Comparison of the position of incisors

The measurements of Ul-SN, Ul-APo, L1-APo, Ul-
FP and L1-FP showed that all of these measures were
greater in the protrusion group, and hence confirmed
that the upper and lower incisors in the protrusion pa-
tients were more anteriorly positioned than in the
crowding patients (Table 4).
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Comparison of the position of the hyoid bone

In the comparisons of the hyoid bone measurements,
significant differences were observed for hy-PP, hy-MP
and hy'-Go. The measurements for hy-PP and hy-MP
showed smaller values in the protrusion group indicat-
ing that the position of the hyoid bone was placed
more superior in the protrusion group than in the
crowding group. For hy'-Go, it showed a greater value
in the protrusion group indicating that the hyoid bone
was located more anteriorly in the protrusion group
than in the crowding group (Table 5).

DISCUSSION

A review of the literature indicates that dental pro-
trusion is caused by large tooth size.”'" The results of
tooth size measurement in the present study showed
that the tooth size for the protrusion group was greater
than that of normal occlusion individuals.” However,
there was no significant difference in tooth size be-
tween the protrusion group and the crowding group in
this study; dental crowding is also caused by large
tooth size. These findings indicate that tooth size is not
the sole factor that determines dental protrusion. When
an individual has larger teeth than normal, he or she
might develop into dental protrusion or dental crowd-
ing according to some other factors. The purpose of
the present study was to investigate the differences in
the lateral cephalometric characteristics between dental
protrusion and crowding in order to determine what
factors affect dental protrusion or crowding while both
types of malocclusions are caused by large tooth size.

In order to draw meaningful conclusions, the matter
of sample selection is of utmost importance. The sam-
ple for this study was selected from the orthodontic
patient records of a university hospital. For the first
step, the patients with larger than average teeth were
selected because both dental protrusion and dental
crowding are found in patients with large teeth, '
The sizes of the four mandibular incisors were used as
the inclusion criteria for the selection of patients since
they are known to be relatively stable, whereas the
maxillary incisors show variability in sizes.'*"” The
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sum of the mesiodistal diameters was required to be
larger than average.” In addition, subjects with Class
I molar relationships were included; any subject who
presented Class II or Class III was excluded because
accurate comparisons of lateral cephalometric measure-
ments were not possible for these subjects. The pa-
tients were also limited to those over 18 years of age
in order to compare differences after growth was
complete. Finally, the subjects were restricted to those
satisfying the cephalometric criteria of Keating’s study
for the dental protrusion glroup.5 As for the dental
crowding group, they were required to have an arch
length discrepancy over 4 mm in both the maxillary
and mandibular arches.’ Twenty nine subjects with
dental protrusion and 22 subjects with dental crowding
were selected as the sample for the study. Substantial
efforts were required to select these numbers of the
sample; 4,500 consecutive patient records were used
for the sample selection of the present study.

In the comparisons of craniofacial measurements,
there were significant differences between the pro-
trusion and crowding groups for S-N, A'-Ptm', SNA,
ANB and facial convexity. These measurements were
greater in the protrusion group, indicating that the pa-
tients with dental protrusion had a larger cranial base,
longer maxillary length and greater facial convexity
compared to the crowding individuals. Keating’ re-
ported similar number of values for A'-Ptm' (50.7
mm), SNA (82.3%, and ANB (9.7°) in his study re-
garding bimaxillary protrusion. The results of that
study indicated that dental protrusion would develop in
cases of maxillary protrusion. Considering that only
Class I subjects were used in this study, a skeletal
Class II tendency is a contributing factor to dental pro-
trusion, even in an individual with a Class I molar
relationship. On the other hand, Rose and Roblee'®
maintained, in a recent review, that alveolar bone dis-
crepancies should be considered as a leading cause of
dental crowding. They further insisted that treatment
should focus on the development of alveolar bone to
relieve crowding. Their study suggests that dental
crowding is developed in case of bone deficiency.

It is also interesting to note that the measurements
for S-N showed greater values in the protrusion group.
Considering that the measurements for facial convexity
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also presented greater values in the protrusion group,
it is suggested that the size of the craniofacial skeleton
is greater in the protrusion group than in the crowding
group. These results indicate that the size of the cra-
niofacial skeleton might be a determining factor for
dental protrusion or dental crowding.

As soft tissue components have been reported to be
related to the development of dental protrusion in addi-
tion to skeletal features,'™ investigation of tongue po-
sition was needed. Considering that tongue position is
1920 4o
measurements indicating the hyoid bone position were
defined in this study. It has been reported that hyoid
position might be influenced by many factors: the su-

influenced by the position of the hyoid bone,

pra- and infra-hyoid muscles,”?" head posture”** and

2% With this in mind, particular

craniocervical posture.
attention was paid to defining the measurements re-
flecting hyoid bone position in this study. The meas-
urements of hy-SN and hy-PP were established to re-
flect the hyoid position on the basis of the cranium
and nasomaxillary complex, whereas the hy-MP and
hy'-Go were defined on the basis of the mandible. The
measurements of hy-apw2 and hy-apw4 were estab-
lished based on the anterior pharyngeal wall. In addi-
tion, hy-CVT was defined on the basis of the cervical
column according to Carlsoo and Leijon25 who re-
ported that determination of hyoid position using the
cervical column as a reference was more valid than us-
ing the cranium or mandible.

Comparisons of the hyoid bone measurements be-
tween the two groups showed that the hyoid bone was
positioned more superiorly and anteriorly in the pro-
trusion group than in the crowding group. These re-
sults indicate that a difference in the hyoid position
might have an effect on the determination of whether
dental protrusion or crowding develops. Considering
that hyoid position influences the position of the

1920 this suggests that tongue position or pres-

tongue,
sure affects whether dental protrusion or crowding de-
velops in an individual with large tooth size.
Overall, the findings of this study are that the pro-
trusion group showed a larger cranial base, longer
maxillary length, greater facial convexity and a ten-
dency for an antero-superior position of the hyoid bone

compared to the crowding group. These results indicate

What determines dental protrusion or crowding

that dental protrusion or crowding might be determined
according to maxillary growth and tongue position
when an individual has larger teeth than normal.
However, the exact cause-effect relationship could not
be elucidated in the present study. The above charac-
teristics might be the results of dental protrusion or
crowding, but not necessarily the causes. Additional
studies to investigate these relationships should be
conducted.

On the other hand, Angle’s classification alone was
used as an inclusion criteria while Class 1 subjects
were used as the sample for both groups in the present
study. Considering that Class I subjects might show
Class II or III in terms of skeletal characteristics, it
would be interesting to investigate the hyoid bone po-
sition of the dental protrusion or crowding individuals
with skeletal Class I as well as dental Class I charac-
teristics.

CONCLUSION

Comparisons of the cephalometric characteristics
showed that the protrusion group showed a larger cra-
nial base, longer maxillary length, greater facial con-
vexity and a tendency of an antero-superior position of
the hyoid bone compared to the crowding group. These
results indicate that some cephalometric characteristics
could be determining factors for whether dental pro-
trusion or crowding develops; when an individual has
large teeth, dental protrusion or crowding might be de-
termined according to maxillary growth and tongue
position.

SBex=.

xlot=7|7t Moz 2 mf of BHAjo M= TE0f Lt
tH, o SRt M= x|otL Bato| LIEHCE
o



Sun MK, Kim JH, Cho JH, Kim JM, Hwang HS

of Blsto] ZoiA H1F TR
o, HOlUEA 2282 dus 7 553
x| 2{ot27|E HIDSHE BHE, FRE

o
FATES AT 2AYE, 42 2 25
|

def, 4= & RIRIE HE=
of2] 7t AZXE MYt Aol =Atet x|ofUEA}L &
T o] HluEA g Aot A 2ot 2 Aol
Yl xotdEAtet x|otLHAte| xlot=7|= & & 2ol 7

=
o3t A0l £ HOlX| gten, HYEE HEH = ASE
=
S

S-N, A-Ptm', SNA, ANB, 12| 1 facial convexityoll M
JL
HA

Jta

Aot EAIL SAMCZ Folot 2 #S ECE £ HE
o 29X E LIEH = hy-PP2t hy-MP= # oFH S Xtof A
SAXMCE O 2/, 422 M fIxE LIEH £ hy-Go
= AlOIM BRI SHXM2Z H 37 LIEHCE o4l &
= x| oM EAE X|otU RG] Hlof SAHMoRE ot
= 42 20|21 =9 ffAl= Y £ Mol Hx|5t
1 9101 Of2{t Af0|7t X|obHE £ R[OFUT Az} 2
0 AZS AASHACL

FQ Hof: X|0RNE, ROHEY, ZRFEUARITAAL

REFERENCES

1. Downs WB. Analysis of the dentofacial profile. Angle Orthod
1956;26:191-212.

2. Graber TM. Orthodontics: principles and practice. Philadel-
phia, PA: WB Saunders; 1972. p. 437-47.

3. Posen AL. The influence of maximum perioral and tongue
force on the incisor teeth. Angle Orthod 1972;42:285-309.
4. Cox NH, van der Linden FP. Facial harmony. Am J Orthod

1971;60:175-83.

5. Keating PJ. Bimaxillary protrusion in the Caucasian: a cepha-
lometric study of the morphological features. Br J Orthod
1985;12:193-201.

6. McCann J, Burden DJ. An investigation of tooth size in
Northern Irish people with bimaxillary dental protrusion. Eur
J Orthod 1996;18:617-21.

7. Fastlicht J. Crowding of mandibular incisors. Am J Orthod
1970;58:156-63.

8. Norderval K, Wisth PJ, Boe OE. Mandibular anterior crowding
in relation to tooth size and craniofacial morphology. Scand J
Dent Res 1975;83:267-73.

9. Doris JM, Bernard BW, Kuftinec MM, Stom D. A biometric

336

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

CHXI™X| 39 55, 2009¢

study of tooth size and dental crowding. Am J Orthod 1981;
79:326-36.

Hwang HS, Kim JT, Cho JH, Baik HS. Relationship of dental
crowding to tooth size and arch width. Korean J Orthod
2004;34:488-96.

Fonseca RJ, Klein WD. A cephalometric evaluation of Ameri-
can Negro women. Am J Orthod 1978;73:152-60.

Mitchell JI, Williamson EH. A comparison of maximum perio-
ral muscle forces in North American blacks and whites. Angle
Orthod 1978;48:126-31.

Posen AL. The application of quantitative perioral assessment
to orthodontic case analysis and treatment planning. Angle
Orthod 1976;46:118-43.

Lamberton CM, Reichart PA, Triratananimit P. Bimaxillary
protrusion as a pathologic problem in the Thai. Am J Orthod
1980;77:320-9.

Kim DS, Kim YJ, Choi JH, Han JH. A study of Korean norm
about tooth size and ratio in Korean adults with normal
occlusion. Korean J Orthod 2001;31:505-15.

Garn SM. Genetics of dental development. In: McNamara JA
Jr, editor. The biology of occlusal development. Craniofacial
Growth Series. Vol 7. Ann Arbor, Mich: Center for Human
Growth and Development, The University of Michigan; 1977.
p. 61-88.

Moyers RE. Analysis of the dentition and occlusion. In:
Moyers RE, editor. Handbook of orthodontics. Chicago, II:
Year Book Medical Publishers; 1988. p. 221-46.

Rose JC, Roblee RD. Origins of dental crowding and maloc-
clusions: an anthropological perspective. Compend Contin
Educ Dent 2009;30:292-300.

Fromm B, Lundberg M. Postural behaviour of the hyoid bone
in normal occlusion and before and after surgical correction of
mandibular protrusion. Swed J Dent 1970;63:425-33.

Bibby RE, Preston CB. The hyoid triangle. Am J Orthod 1981;
80:92-7.

Gustavsson U, Hansson G, Holmqvist A, Lundberg M. Hyoid
bone position in relation to head posture. Swed J Dent 1972;
65:423-30.

King EW. A roentgenographic study of pharyngeal growth.
Angle Orthod 1952;22:23-37.

Graber LW. Hyoid changes following orthopedic treatment of
mandibular prognathism. Angle Orthod 1978;48:33-8.
Tallgren A, Solow B. Long-term changes in hyoid bone posi-
tion and craniocervical posture in complete denture wearers.
Acta Odontol Scand 1984;42:257-67.

Carlsoo S, Leijon G. A radiographic study of the position of
the hyo-laryngeal complex in relation to the skull and the cer-
vical column in man. Trans R Sch Dent Stockh Umea 1960;5:
13-34.



