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GIRIS

Alt keser caprasikhigi, maloklizyonlarin
en yaygin oOzelliklerinden birisidir ve ayni
zamanda kritik bir meseledir; ¢tinkii prognoz,
tedavi sekilleri ve stabilite tizerinde etkisi
vardir. Ortodontik idealin belirlenme cabasi,
keserlerin dengeli pozisyonu, kalici ve
periodontal problemlere sebep olmayacak
sekilde dizilmesi, gelecekte olusabilecek
eklem patolojileri veya caprasiklik niikstntn
yaninda estetik memnuniyetsizlik gibi olasi
neticeleri icermektedir  (1).  Yillarca
ortodontistler dil boyutunun, kuvvetinin ve
pozisyonunun oral kavite cevresinde, ideal
bazi iliskilere sahip olmasi gerektigi ile ilgili
teoremler 6ne stirmuslerdir (2).

Keser caprasikhigr degiskendir ve onceki
calismalar uzun donem sonuglarini tahmin
etmemizi saglayan, olcilebilen degiskenler
veya tanimlayici ozelliklerin  olmadigini
belirtmislerdir (3). Ortodontide, alt keser
caprasikhgi belki de hasta ve hekim icin en
fazla tekrarlayan, rahatsiz eden ve en kalici
problemlerden biridir. Sinclair ve Little (4) alt
keser caprasikliginin ortodontik tedavinin bir
sonucu mu? yoksa normal gelisim strecinin
bir parcasi mi? oldugunu sorgulamislardir.
Mandibulanin biyime yoni (5), oklizal
kuvvetlerin anterior komponenti (6), yumusak
doku basinci (7), mezio-distal dis boyutu ve
ark boyutu (8), oral ve perioral kaslar ve
keser-molar egimleri (9) gibi cesitli faktorlerin
caprasiklik olusumunu ve siddetini etkiledigi
dustnulmustar.

Leighton ve Hunter (10) hem alt 6n bolge
caprasikhk/bosluk ile ytz sekli arasindaki
iliskiyi hem de buytme yoni ile mandibula
arasindaki iliskiyi arastirmiglardir. Yazarlar
caprasikligi olan mandibular dentisyonun
asagl buyume yonu ve goreceli yetersiz
biyume ile karakterize spesifik bir morfolojik
yapinin  oldugu sonucuna varmiglardir.
Miethke ve Behm-Mentel (11) alt keser
caprasikligi, alt keser pozisyonu ve lateral
kraniofasiyal morfoloji arasindaki iliskileri
incelemislerdir. Sonu¢ olarak alt keser
caprasikligi ile ne iskeletsel morfolojinin ne
de alt keser pozisyonunun iliskili olmadigini
bulmuslardir.

Cok sayida uzman dis hekimi Tomes’in
teorisini (12); yani bir yanda yanak ve dudak
basinci  diger vyanda dil basincinin
olusturdugu karsilikli zit kuvvetlerin, alt keser
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INTRODUCTION

Mandibular incisor crowding is one of the
most common features of malocclusion and
is a critical issue, because it has an impact on
prognosis, treatment methods, and stability.
The attempt to identify an orthodontically
ideal, long-lasting and equilibrated position
of the incisors that will not cause periodontal
problems, future articular pathologies, or
crowding relapse, and will be esthetically
pleasing, has included the possible
determination of the anterior-most limit of the
teeth (1). For years orthodontists have
theorized that the size, strength and position
of the tongue must have some relationship to
the surrounding oral cavity (2).

Incisor crowding is variable and previous
studies indicated that no descriptive
characteristics or measured variables were
able to predict the long-term results (3). In
orthodontics, probably the single most
persistent, irritating, and recurring problem
for both the patient and the clinician is
mandibular incisor crowding. Sinclair and
Little (4) questioned whether mandibular
incisor crowding occurs primarily as a result
of orthodontic therapy or as part of the
normal developmental process. Several
factors can be assumed to affect the
development and severity of crowding, such
as direction of mandibular growth (5), the
anterior component of occlusal force (6), soft
tissue pressure (7), mesiodistal tooth and arch
dimensions (8), the oral and perioral
musculature and incisor-molar inclination (9).

Leighton and Hunter (10) 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 authors concluded
that mandibular dentitions with crowding exist
in a specific morphologic structure
characterized by a downward growth direction
and relatively deficient growth. Miethke and
Behm-Menthel  (11)  investigated  the
correlations between lower incisor crowding,
lower incisor position and lateral craniofacial
morphology. They were found no correlation
between lower incisor crowding and either
skeletal morphology or lower incisor position.

Tiirk Ortodonti Dergisi 2012;25:191-205
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Dil ve ¢apragikhk
Tongue and crowding

dislerin pozisyonunu belirlemede en buytk
etken oldugunu kabul etmektedirler (13,14).
Bazi klinisyenler belirli malokliizyonlarin
gelisiminde, biiytik veya ileride konumlanmis
bir dili sorumlu tutmaktadirlar (15,16).
Brodie (16), ark formu ve boyutunun direkt
olarak  dil  boyutundan etkilendigini
belirtmistir. Harvold (7), yumusak doku
basincinin etkisi tzerinde durmus ve dil
hacmi ve pozisyonunun caprasiklik ile iligkili
oldugunu rapor etmistir. Vig ve Cohen (17)
cocuklarda ve genclerde sagittal dil alanini
agiz bosluguyla karsilastirmiglardir. Takada ve
ark. (18), dil hacmiyle oral kavite kapasitesi
arasindaki iliskiyi incelemislerdir.

Most dental professionals accept the
theory of Tomes (12), who reported that
opposing forces or pressure from the lips and
cheeks on one side and the tongue on the
other, determine the position of the teeth
(13,14). Some clinicians implicate a large or
forwardly positioned tongue in the

development of certain malocclusions
(15,16). Brodie (16) maintained that dental
arch form and size are directly influenced by
tongue size. Harvold (7) focused on the effect
of soft tissue pressure and reported that the
volume and position of the tongue are related
to dental crowding. Vig and Cohen (17)

Dabhil edilme kriterleri /
Inclusion criteria

*12 -16 yas araliginda olmak / Age between
12-16 years

*Angle Sinif | molar iligkiye sahip olmak /
Angle Class | molar relationship

*Daimi dentisyonda olmak / Permanent
dentition

*Daha once ortodontik tedavi ve/veya
maksiller fonksiyonel ortopedik tedavi
g6rmemis olmak / Lack of orthodontic
treatment and/or maxillary functional
orthopedic treatment

*Kompleks nasal sorulunum cerrahisi
gegirmemis olmak / No history of nasal
respiratory complex surgery

*Vestibuler veya denge probleminin
olmamasi / No vestibular or equilibrium
problems

*Gorsel, duysal veya yutkunma problemleri
ve fasiyal veya spinal anormalliklerin
olmamasi (6rnegin; tortikolis, skolyoz veya
kifoz) / No visual, hearing or swallowing
disorders, and facial or spinal abnormalities
(ie, torticollis, scoliosis, or kyphosis)

*Curdk lezyonlarinin bulunmamasi / No caries

*Yumusak doku, sert doku ve dental yapilarin
teshisi ve goérulebilmesi icin radyografilerin
yeterli kontrasta ve netlige sahip olmasi /
Enough sharpness and contrast for a good
visualization and identification of the
structures that make the tegumentary tissue,
the bony structures and the dental elements

*Radyografik distorsiyonun olmamasi /
No radiographic distortions

Haric tutulma kriterleri /
Exclusion criteria

*12 yasin altinda veya 16 yasin Ustinde
olmak / Age under 12 and older 16 years

*Angle sinif 1/l molar iligkiye sahip olmak /
Angle Class Il/lll molar relationship

*Karma veya sut dentisyonunda olmak /
Mixed/deciduous dentition

*Daha 6nce ortodontik tedavi gérmus olmak /
Young people in or that had been under
orthodontic treatment

* Kompleks nasal sorulunum cerrahisi
gecirmis olmak / Previous history of nasal
respiratory complex surgery

*Vestibuler veya denge problemine sahip
olmak / Vestibular or equilibrium problems

*Gorsel, duysal veya yutkunma problemleri
ve fasiyal veya spinal anormalliklerin olmasi
(6rnegin; tortikolis, skolyoz veya kifoz) /
Visual, hearing or swallowing disorders, and
facial or spinal abnormalities (ie, torticollis,
scoliosis, or kyphosis

*Genis ¢urdk lezyonlarinin bulunmasi /
Extensive carious lesions

*Yeterli kontrasta ve netlige sahip olmayan
radyografiler / Radiographs without
sharpness and contrast

*Gorunttlerde radyografik distorsiyon olmasi /

Radiographs with image distortions

Tablo I. Ornek segim

sample selection.

Turkish Journal of Orthodontics 2012;25:191-205
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Kraniyofasiyal biylime tzerinde
belirleyici bir faktor olarak dilin katkisi ve
dental arklarin yetersiz gelisimi, mandibular
prognatiye sahip hastalarda cenelerin fazla
buyumesi veya dentisyondaki caprasiklik
miktari gibi bazi patolojilerde dilin rolt tam
olarak anlasilamamustir. Yapmis oldugumuz
literatiir incelemesine gore mevcutta dil
konumunun alt keser caprasikhgi/pozisyonu
tzerindeki etkisiyle ilgili herhangi bir
arastirma bulunmamaktadir. Bu nedenle bu
calismamizin  amaci dil ile alt keser
caprasikligi/pozisyonu arasindaki iliskiyi
degerlendirmek ve olasi cinsiyet farkhiliklarini
belirlemektir.

BIREYLER ve YONTEM

Bu calisma Erciyes Universitesi Dis
Hekimligi Fakdltesi Etik Komitesi tarafindan
onaylandi. Ornek sayisinin belirlenmesi icin
glic analizi; G*Power Ver. 3.0.10. (Franz Faul,
Universitat-Kiel, Germany) programi
kullanilarak gergeklestirildi. Buna gore
gruplar arast 1:1 orana dayali, 0,30 etki
alaninda ve «=0.05 anlamlilik dizeyinde;
ornek sayisi 15 hasta oldugunda %65 den
fazla giice sahip oldugu tespit edildi.

Bu calismada o6rnek secimi icin Tablo
1’de  sunulan  kriterler g6z 6ninde
bulunduruldu. Her bir hastanin lateral
sefalometrik radyografisi ayni sefalometrik
cihaz (Instrumentarium OP100; Instrumen-
tarium, Tuusula, Finland) ile alindi. Lateral
sefalometrik  radyografi alinirken  tim
hastalar; disleri sentrik okltizyonda, dudaklari
hafif kapali, Frankfort diizlemi yer diizlemine
paralel ve sagittal dizlem X-ray isinlaryla
dogru bir acida olacak sekilde sefalostata
yerlestirildi (19).

Bu calisma igin; 45 Sinif | hastanin tedavi
oncesi sefalometrik radyografileri standart
teknikle alindi. Ornekler Erciyes Universitesi
Dis Hekimligi Fakultesi Ortodonti Anabilim
Dali’'na tedavi amaciyla gelen iskeletsel Sinif
| iliskiye sahip (ANB sirasiyla 2.2°+1.5% ve
2.5°41.1% 22 erkek (ortalama yas:
15.67+1.41 yil) ve 23 kiz (ortalama vyas:
13.86+1.35 yil) hastadan olusturuldu.

Caprasikhk algi modeller (zerinde en
kiicik 0.01 mm.lik 6l¢cim yapabilen dijital
kumpas ile olcildi. Alt keser duzensizlik
indeksi alt keser caprasikligini  6lgmek
amaciyla Little (20) tarafindan  ©ne
strtlmastar. Skorlama on dislerin anatomik
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compared sagittal tongue area to sagittal oral
cavity area in adults and children. Takada et
al. (18) investigated the relations between
tongue volume and the capacity of the oral
cavity.

The contribution of the tongue as a
predictor factor on craniofacial growth still
remains to be better understood in humans
and its role in contributing to certain
pathologies, such as underdevelopment of
the dental arches, overgrowth of the jaws in
individuals with prognathic mandibles and
crowding of the dentition. To our knowledge
there is no research in the literature that has
investigated the correlation between the
tongue and mandibular incisor
crowding/position. Thus, the aim of this study
was to evaluate the relationship between the
tongue and lower incisor crowding/position
and to identify the possible gender
differences.

SUBJECTS and METHOD

This study was approved by the Regional
Ethical Committee on Research of the Erciyes
University, Faculty of Dentistry. A power
analysis established by G*Power Ver. 3.0.10.
(Franz Faul, Universitat Kiel, Germany)
software. Sample size of 15 patients would
give more than 65% power to detect
significant differences with 0.30 effect size
between two groups and at «=0.05
significance level.

In the present study for sample selection,
we followed the criteria presented on Table 1.
The lateral cephalometric radiograph of each
subject was taken with a same Cephalometer
(Instrumentarium OP100; Instrumentarium,
Tuusula, Finland). All subjects were
positioned in the cephalostat with the sagittal
plane at a right angle to the path of the X-rays,
the Frankfort plane parallel to the horizontal,
the teeth in centric occlusion, and the lips
lightly closed (19).

Forty-five pretreatment cephalometric
radiographs of Class | patients taken by a
standard technique formed the sample for
this study. The sample included 22 male
(mean age: 15.67+1.41 years) and 23 female
(mean age: 13.86+1.35 years) patients,
admitted to the Department of Orthodontics,

Tiirk Ortodonti Dergisi 2012;25:191-205
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kontakt noktalarinin lineer yer degisimleri
Olctlerek yapilmaktadir. Bes o6l¢cimin
toplami ile vakanin dizensizlik indeksi
olcildi. Hastalar asagidaki kriterlere gore 3
gruba bolindi (21): (1) Hafif: 0-4 mm (2)
orta: 4-8 mm ve (3) siddetli: 8 mm.den fazla
olan caprasiklik. 1. Grup (hafif) 9 erkek ve 6
bayandan (ortalama vyas: 15.1x1.1 wyil)
olusmaktadir; 2. Grup 6 erkek ve 9 bayandan
(ortalama yas: 14.8+1.3 yil) olusmaktadir ve
3. Grup 7 erkek ve 8 bayandan (ortalama yas:
14.6+0.9 yil) olusmaktadir.

Kraniofasiyal Olgiimler

Sefalometrik  noktalar  gozlemciler
arasinda olabilecek farkhliktan dolayi tek bir
kisi (El.U.) tarafindan isaretlenmis ve
cizilmistir. Olctimler icin kullanilan referans
dizlemleri ve sefalometrik noktalar Sekil

Turkish Journal of Orthodontics 2012;25:191-205

University of Erciyes, who needed
orthodontic treatment. All patients have Class
| skeletal relationship (ANB: 2.2°+1.5° and
2.5%1.1%  in

respectively).

males and females,

Crowding was measured on plaster
models with a digital caliper to the nearest
0.01 mm. The irregularity index proposed by
Little (20) was used to evaluate mandibular
incisor crowding. The scoring method
involves measuring the linear displacement
of the anatomic contact points of the anterior
teeth. The sum of the five measurements was
represented the irregularity Index value of the
case. Patients were divided into three groups
according to the following criteria (21): (1)
mild: crowding up to 4 mm (spacing was also

Sekil I. Dil hacmi igin
kullanilan noktalar ve referans
dogrular: ANS (anterior nasal
spine), Masillanin anterior
noktas1; PNS (posterior nasal
spine), Palatal kemigin
posterior noktas1; Me
(Menton); simfizin alt noktasi;
H1; dilin posterior kenas1 ve
hyoid kemigin kesisim
noktasy; H2, hyoid kemigin en
on noktasi; T; dil sinirinin en
oOn noktasi, Palatal diizlem,
ANS ve PNS den gecen
dogru.

Figure I. Landmarks and
reference lines used for
tongue volume: ANS (anterior
nasal spine), Anterior point of
the maxilla; PNS (posterior
nasal spine), Posterior point of
the palatine bone; Me
(Menton), the inferior point of
the symphysis; H1,
intersection between posterior
border of tongue and hyoid
bone; H2, the most anterior
point of the hyoid bone; T, the
most anterior point of the
outline of tongue; Palatal
plane, a line passing through
ANS and PNS.
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Sekil II. Damak dil aralig1
Damak-dil boslugu: dil ve
damak arasindaki bosluk,
insiziv foramen noktasindan
palatal diizleme ¢izilen dik ve
PNS noktasindan palatal
diizleme cizilen dik dogrular
arasindaki alan. Dil
alani/bosluk: dilin tst be arka
kenari, T Me H1 ve H2

noktalar1 arasinda kalan alan.

Figure II. Palatal tongue gap.
Palate-tongue space: space
between tongue and palate

from the line perpendicular
to the palatal plane at the
incisive foramen to the line
perpendicular to the palatal
plane at the PNS. Tongue
area/space: area formed by
superior and posterior
border of tongue and T, Me,
H1 and H2.
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1'de gosterilmistir. Dil alani tabanini 6lgcmek
amaciyla 3 ol¢tim kullanilmigtir: Dil alani,
palatal dil boslugu ve palatal dil araligi (Sekil
2). Alt keser agisi, en 6ndeki keser disin uzun
aksiyla, menton ve anatomik gonion arasinda
cizilen mandibular dizlemle yaptigi aci
olarak ol¢tilmistir. Anatomik gonion noktasi
ramusun en arka noktasindan cizilen tegetle
mandibulanin en alt sinirindan gizilen tegetin
kesisim noktasi olarak belirlenmistir. Alt keser
acisinin - ve pozisyonun olcilmesi igin
kullanilan diger bir ol¢cim ise en ondeki alt
keser disin uzun aksiyla nasion noktasindan
B noktasina cizilen NB cizgisidir.

istatistiksel Analiz

Tam istatistiksel analizler SPSS 13.0
istatistiksel programi kullanilarak yapildi.
(SPSS Windows; SPSS Inc, Chicago, Illinois,
USA). Shapiro-Wilks normalite testi ve
Levene’in varyans homojenite testleri verilere
uygulandi.  Verilerin  normal  dagilim
gosterdigi ve gruplar arasi dagilhimin homojen
oldugu belirlendi. Bu nedenle istatistiksel
analiz  parametrik testler  kullanilarak
degerlendirildi. Aritmetik ortalama ve
standart sapma degerleri her bir 6lcim icin

Orhan, Yagci, Ugar, Alan, Uysal

Palatal Dil Araligi/
Palatal Tongue Gap

HMIIII] Palatal Dil Alani/
Palatal Tongue Space

Dil Alani/

Tongue Space

included), (2) moderate: crowding between 4
and 8 mm, and (3) severe: crowding more
than 8 mm. Group | (mild) comprised of 9
males and 6 females (mean age: 15.1+1.1
years); Group 2 comprised of 6 males and 9
females (mean age: 14.8+1.3 years); and
Group 3 comprised of 7 males and 8 females
(mean age: 14.6+0.9 years).

Craniofacial Measurements

Cephalometric landmarks were marked
and digitized by one author (EI.U.) to avoid
interobserver variability. Landmarks and
constructed reference lines used for
measurements are shown in Figure 1. Three
measurements were evaluated for the basis of
the tongue area: Tongue area, palatal tongue
space and palatal tongue gap (Figure 2). The
lower incisal angle was measured from a line
through the long axis of the most anterior
incisor on the radiograph and a mandibular
plane (line) drawn from menton to an
anatomical gonion. The anatomical gonion is
a point on the mandibular angle estimated by
a bisecting line of the angle constructed from
the posterior ramus and mandibular inferior

Tiirk Ortodonti Dergisi 2012;25:191-205
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ve ayrica erkek ve kiz bireyler icin de
hesaplandi.

Farkli  miktarda caprasikliga sahip
orneklerde dil boyutlarinin istatistiksel
karsilastirmasi ve cinsiyet farkhliklari i¢in cok
degiskenli istatistiksel analiz kullanildi. Alt
keser caprasikliyla dil hacmi arasindaki
iliskiyi degerlendirmek amaciyla Pearson
korelasyon katsayisi (r) kullanildi. p-degerinin
0.05 den kiiciik oldugu degerler istatistiksel
olarak anlamli kabul edildi.

Radyografik olctimlerdeki metot hatasinin
degerlendirilmesi icin 15 radyografi rastgele
secildi. Bu radyografiler ilk ol¢cimlerden 4
hafta sonra tekrarlandi. Bland ve Altman plot
tekrarlanabilirligi ~ degerlendirmek igin
kullanildi. ilk ve ikinci 6lctimler arasindaki
fark 6nemsiz bulundu (Tablo 2).

border. The other lower incisal angle and
position was measured from a line through
the long axis of the most anterior incisor on
the radiograph and a NB (line) drawn from
nasion to B point.

Statistical Analysis

All statistical analyses were performed
with the statistical package for social sciences
(SPSS), 13.0 (SPSS for Windows; SPSS Inc,
Chicago, IL, USA). The normality test of
Shapiro-Wilks and Levene’s variance
homogeneity test were applied to the data.
The data were found normally distributed
and there was homogeneity of variance
among the groups. Thus, the statistical
evaluation was performed using parametric

Olciimler / Korelasyon/ Bias / %95 Cl / SH / Farklarin SS /

Measurements Correlation Bias 95% ClI SE SD of
differences

Dil Hacmi /

Tongue volume (cmz) 0,13 -0,68 -3.202 t0 1.844 1,21 1,69

Palatal dil boslugu / ) ) )

Palatal tongue space (cmz) 0,13 0,04 0.124 t0 0.051 0,04 0,20

Palatal dil araligi / . . .

Palatal tongue gap (mm) 0,03 0,23 0.612t0 0.145 0,18 0,85

L1-NB(mm) 0,01 0,01 -0.1051t0 0.123 0,06 0,26

L1-NB () 0,15 0,05 -0.194 t0 0.294 0,12 0,55

L1-Mandibular Dazlem / 0,06 0,43 0.987 10 0.124 0,27 1,25

L1-Mandibular Plane (°)

BULGULAR

Tablo 3 sefalometrik 6lctimlerdeki
cinsiyet karsilastirmalarini 6zetlemektedir.
istatistiksel analize gore, cinsiyetler arasi
farklilik sadece dil hacmi icin anlamli
bulunmustur (p=0.001). Erkeklerdeki dil
hacmi kizlarinkinden daha fazladir.

Farkli caprasiklik miktarlarina sahip
bireylerdeki dil hacmi ve alt keser
pozisyonlarinin istatistiksel karsilagtirmasi
Tablo 3’te gosterilmistir. Cok degiskenli
istatistiksel analize gore, farkh caprasiklik
miktarina sahip bireyler arasinda, istatistiksel
olarak anlamli faklihk tespit edilememistir
(Tablo 3).

Turkish Journal of Orthodontics 2012;25:191-205

tests. Arithmetic mean and standard deviation
values were calculated for each measurement
and separately for males and females.
Statistical ~comparisons of tongue
dimensions in subjects with different levels of
crowding (mild, moderate, severe) and
comparisons of gender differences were
undertaken by multivariate statistical analysis.
To evaluate the correlation between tongue
volume and lower incisor crowding; Pearson
correlation coefficients (r) were estimated.
When the p-value was less than 0.05, the
statistical test was determined as significant.
To determine the method errors
associated with radiographic measurements,
15 radiographs were selected randomly. Their

Tablo II. Tekrarlanabilirligin
degerlendirilmesi i¢in Bland

ve Altman Plot.

Table II. Bland and Altman
Plot to assess the repeatability.
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Tablo III. Farkli miktarda
caprasikliga sahip
bireylerdeki dil hacmi

Ol¢limlerinin ve cinsiyet

farkliliklarinin istatsitiksel

karsilagtirmasi.

Table III. Statistical
comparisons of tongue

volume measurements in

subjects with different levels

198

of irregularity index and
comparisons of gender

differences.

Orhan, Yagci, Ugar, Alan, Uysal

Kaynak /
Source

Bagimhi Degisken /
Dependent Variable

Dil hacmi /
Tongue volume (Cm )

Irregilerite indeksi /  Lalatal dil boslugu /

Irregularity Index
Palatal dil arahgi /

Palatal tongue gap (mm

Dil hacmi /

Tongue volume (cm?)

Palatal dil boslugu /
L1-NB (mm)

Palatal dil arahgi /

Palatal tongue gap (mm

Dil hacmi /

Tongue volume (cm?)

Palatal dil boslugu /
L1-NB (°)

Palatal dil araligi /

Palatal tongue gap (mm

Dil hacmi /
Tongue volume (Cm )

L1-Mandibular Palatal dil boslugu /

Dizlem /
L1-MandibularPlane(°)

Palatal dil araligi /

Palatal tongue gap (mm

Dil hacmi /
Tongue volume (cm?)

Cinsiyet / Palatal dil boslugu /

Gender
Palatal dil arahgi /

Palatal tongue gap (mm

Palatal tongue space(cm?)

)

Palatal tongue space (cm?)

)

Palatal tongue space (cm?)

)

Palatal tongue space(cm®)

)

Palatal tongue space(cm?)

)

Anlamhilik /
Significance

Kare Ortalama/ F
Mean Square

1,466 0,125 0,726
2,407 2,055 0,160
8,774 1,052 0,311
69,840 5,945 0,019
3,254 2,778 0,104
18,339 2,199 0,146
7,044 0,600 0,443
0,005 0,004 0,947
6,121 0,734 0,397
0,021 0,002 0,967
2,618 2,236 0,143
3,060 0,367 0,548
162,890 13,865 0,001
2,689 2,211 0,145
0,011 0,001 0,971

Dil hacminde cinsiyetler arasi istatistiksel
olarak anlamli fark olmasi nedeniyle, dil
hacmiyle alt keser caprasikhgi her cinsiyet
icin ayri ayri degerlendirilmistir. Dil hacmi ile
alt keser caprasikhigi iliskiyi
degerlendirmek icin: Pearson korelasyon
katsayisi (r) hesaplanmistir (Tablo 4). Kizlarda
dil alt keser caprasikhgi/
pozisyonu arasinda anlamli bir iliski
bulunamamistir. Aksine erkeklerde ise alt
keser caprasikhgi ile L1-NB (mm) (r= -0.590;
p=0.004), L1-NB ©) (r=-0.638; p=0.001) ve
L1-mandibular diizlem acisi (°) (r=-0.505;
p=0.017) arasinda anlaml bir iligki bulun-
mustur. Erkeklerde, dil hacmi ile alt keser
pozisyonu bir iligki
bulunamamistir. Bunun yaninda kizlarda ise
dil hacmi ile L1-NB (mm) (r= 0.457;
p=0.029) ve L1-NB (% (r= -0.447; p=0.032)
arasinda anlamli bir iliski bulunmustur.

arasindaki

olgtimleriyle,

arasinda anlaml

tracings and measurements were repeated 4
weeks after the first measurements. A Bland
and Altman plot was applied to assess the
repeatability. It was found that the differences
between the first and second measurements
were insignificant (Table 2).

RESULTS
Table 3
comparisons

the
cephalometric

summarizes
the
According to

gender
for
measurements. statistical
analysis, only tongue volume has statistically
significant gender dimorphism (p= 0.001).
Tongue volume measurements were greater
in males than in females.

Statistical comparisons of tongue volume
and lower incisors position in subjects with
different levels of crowding are shown in
Table 3. According to multivariate statistical

Tiirk Ortodonti Dergisi 2012;25:191-205
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Tablo IV. Dil hacmi 6l¢timleri

Bayan / Erkek /
Fer¥13|e Male ile irregtilerite indeksi
n () p-degeri/ n (n p-degeri/ arasindaki korelasyon.
p-value p-value
Irregllerite indeksi / Table IV. Correlation between
Irregularity Index
tongue volume measurements
Dil Hacmi / 23 0,020 0927 22 -0,265 0,234 d irregularity ind
Tongue volume (cm?) . ) -0, ) and irregularity index.
Palatal dil boslugu /
Palatal tongue space (cm?) 23 0,150 0,494 22 -0,144 0,523
Palatal dil arahgi / B B
Palatal tongue gap (mm) 23 -0,014 0,949 22 -0,003 0,990
L1-NB (mm) 23 -0,030 0,891 22 -0,590 0,004
L1-NB (%) 23 -0,030 0,893 22 -0,638 0,001
L1-Mandibular Diizlem /
L1-Mandibular Plane (?) 23 0,106 0,632 22 -0,505 0,017
Dil hacmi / )
Tongue volume (cm®)
L1-NB (mm) 23 0,457 0,029 22 0,501 0,017
L1-NB (°) 23 0,447 0,032 22 0,346 0,114
L1-Mandibular Duzlem /3 3353 1p1 22 0,259 0,245

L1-Mandibular Plane (°)

n: Ornek sayisi; r: Pearson korelasyon katsayisi o
n: indicates sample size; r; Pearson correlation coefficient

TARTISMA

Angle siniflamasi, tedaviye baslangic
zamani, cinsiyet, overbite, overjet, spee egrisi
veya ark genisligi (22) gibi uzun doénemde
etkili  olabilecek sonuclar keser
caprasikliginin miktarini belirleyen bir 6zellik
veya Olciilebilen bir deger mevcut degildir
(23). Dental caprasiklik ve pekistirme sonrasi
nukstn risk faktorleri arastirnilirken hasta ile
ilgili faktorler ve dental yapi
odaklanilmis fakat onceden tahmin edilebilir
cok az etken bulunmustur (23,24). Su anki
calismalara gore interkanin mesafenin az
olmasi ve tedavi oOncesinde diizensizligin
yuksek olmasi; dental caprasikligin ve
pekistirme nikstin en o6nemli
nedenleri olarak bulunmustur (3). Alt keser
caprasikhginda dilin rolt ayrintih olarak
arastinlmamisti. Bu nedenle bu calismanin
amaci  dil ile
caprasikligi/pozisyonu arasindaki
incelemektir.

Ortodontik teshis sirasinda alt keser
capragikligi kritik bir 6neme sahiptir ve cogu
tedavi planini
etkendir. Keser dislerin konumu ve egimi
arasindaki iliski ve caprasikligin fazla olmasi
mandibulada ortodontik dis ¢ekimi ile ilgili

icin

lizerine

sonrasi

keser
iliskiyi

mandibular

zaman sinirlandiran  bir

Turkish Journal of Orthodontics 2012;25:191-205

analysis, there was no statistically significant
difference for the measurements among
subjects with different levels of crowding
(Table 3).

Because there was significant gender
dimorphism, the relationship between tongue
volume and lower incisor crowding was
determined separately for each gender. To
evaluate the correlation between tongue
volume and lower incisor crowding; Pearson
correlation coefficients (r) were estimated
(Table 4). In female group, no significant
correlation was determined between tongue
measurements  and lower  incisors
crowding/position measurements. However
in male group, significant correlations were
determined between incisor crowding and
L1-NB (mm) (r= -0.590; p=0.004), L1-NB ©
(r= -0.638; p=0.001) and L1-mandibular
plane (°) (r="-0.505; p=0.017). In male group,
no significant correlation was determined
between tongue volume measurements and
lower incisors

position measurements.

However in female group, significant

correlations were determined between
tongue volume and L1-NB (mm) (r= 0.457;

p=0.029) and L1-NB (°) (r= -0.447; p=0.032).
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kararlari etkiler. Bazi klinisyenler, bazi
malokliizyonlarin gelismesinde biyik ve
onde konumlanmis dilin etkili oldugunu
belirtmislerdir (15,16). Sonug¢ olarak dil
boyutlarinin belirlenmesi teshisin 6nemli bir
parcasi olmustur. Diger bir yandan Subtenly
ve Sakuda (25) lip bumper ile tedavi edilen
hastalarin sadece %44’tinde alt keserlerde
one hareket gozlemlemislerdir. Ayrica
literatiirde dilin etkisinin gereginden fazla
vurgulandigini da belirtmislerdir.

Lateral sefalometride yapilan 6lctimler dil
boyutunun degerlendirilmesinde  yaygin
olarak kullantlmistir (2). Vig ve Cohen (17)
intermaksiller bosluk ve dil sinirlarinin
belirlenmesinde iskeletsel noktalari
kullanmiglardir. Takada ve ark. (18) dil
boyutunu 25 6rnekte aljinat 6l¢t tizerinden
degerlendirmislerdir. Bununla birlikte aljinat
tzerinden degerlendirme sirasinda dilin
olcusti  alinirken  stabil  pozisyonda
olmadigindan dolayi basarili olamamislardir.
Bandy ve Hunter (26) dilin 6n kisminin
hacmini  suyun  yer  degistirmesiyle
olgmuslerdir. Oliver ve Evans (27) dil
uzunlugunu, genisligini ve kalinligini Boley
kumpasi ile 6lgcmdslerdir. Boyle bir calismaya
ragmen, Bandy ve Hunter (26) dil
boyutlarinin  kumpasla o6l¢ctimindn  dilin
hareketli bir yapi olmasi nedeniyle, uygun
olmadigini rapor etmislerdir. Liégeois ve ark.
(28) dilin sadece demografik ve biometrik
karakterle ilgili olmadigini ayni zamanda
MRI ile olgtlen dil hacmi ve lateral
sefalometrik radyografilerde olctlen dil
golgesi alani arasinda da yiiksek korelasyon
gosterdigini belirtmislerdir.  Ozbek ve ark.
(29) dil posturiiniin stabilitesini radyografiler
tzerinde degerlendirmislerdir. Benzer sekilde
Malkocg ve ark. (30) simfizyal distraksiyondan
sonra dil ve hyoid kemiginin pozisyonunu
belirlemek icin sefalometrik radyografileri
kullanmisglardir. Bu  calismada,  dil
boyutlarinin degerlendirilmesi icin
sefalometrik radyografiler kullaniimistir.

Sayin  ve Turkkahraman (5), ve
Turkkahraman ve Sayin (31) erken karisik
dislenme donemindeki ¢ocuklarin dental algi
modellerini kullanmiglar ve alt 6n bolge
caprastkliginin - siddetine gore iki grup
olusturmuslardir.  Dental  modellerdeki
olcuimler, geleneksel olarak kullanilan
kumpas, Boley kumpasi veya pergel

Orhan, Yagci, Ugar, Alan, Uysal

DISCUSSION

Incisor crowding has no descriptive
characteristics or measured variables, such as
Angle classification, age at start of treatment,
gender, overbite, overjet, curve of spee or
arch width,22 were able to predict the long-
term result (23). The search for risk factors for
dental crowding and post-retention relapse
has focused on dental and patient related
factors, but few reliable predictors have been
discovered (23,24). Recent studies found
narrow intercanine width and high
pretreatment incisor irregularity to be
significant predictors of dental crowding and
post-retention relapse (3). The role of tongue
in mandibular incisor crowding has not been
investigated extensively. Thus, the aim of the
present study was to evaluate the relationship
between tongue and lower incisor
crowding/position.

In orthodontic diagnosis, the mandibular
incisor crowding is critical and frequently is a
limiting factor when planning treatment.
Decisions regarding orthodontic extraction
on mandible are greatly influenced by the
extent of crowding and relationship between
incisors inclination and location. Some
clinicians implicate a large or forwardly
positioned tongue in the development of
certain malocclusions (15,16). As a result,
determining the size of the tongue becomes
an important part of diagnosis. On the other
hand Subtelny and Sakuda (25) observed a
forward movement of lower incisors in only
44% of patients treated with lip bumpers.
They implied that the influence of the tongue
had possibly been overemphasized in the
literature.

Measurements made from lateral
cephalograms are commonly used to assess
the size of tongue (2). Vig and Cohen (17,18)
were used bony landmarks to determine the
limits of tongue and the intermaxillary space.
Takada et al. (18) measured tongue size in 25
subjects by alginate impressions.
Furthermore, alginate impressions of the
tongue were unsuccessful since the tongue
does not remain immobile during the
material setting. Bandy and Hunter (26)
measured the volume of the anterior portion

Tiirk Ortodonti Dergisi 2012;25:191-205
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yardimiyla  dlctlmistir.  Alg

ortodontide yiiz yili askin bir
kullanilmaktadir. Al¢i modelin iyi olmasi
icin, alinan olgtintin ¢cok net olmasi gerekir,
ozellikle de arka vestibll bolgede derin
sulkuslarin  olmasi  netlik elde
acisindan oldukgca zordur. Bu nedenle
Torassian ve ark (32), dijital modellerle algi

modelleri  karsilastirmiglardir.

larinin sonucunda dijital modelden yapilan
olctimlerin, al¢i modelden yapilan dl¢timlere
gore klinik olarak anlamli bir sekilde farkli
oldugunu rapor etmislerdir; bu nedenle de
algt modellerin = kullanimini
etmislerdir. Biz de calismamizda alt keser
duzensizligi indeksini 6lgmek amaciyla algi

modelleri tercih ettik.

Alt keser diizensizlik indeksinin keserlerin
interproksimal kontaklarinin normal oldugu
maloklizyonlarda  kullanilmaya
olmamasi bu calismayi sinirlandiran  bir
faktordir. Mesela keserler interproksimal
olarak normal kontakta olup,
kapanista olabilir. Mikemmel kontakt iliskisi
icinde olan fakat capraz kapanistaki keser
dislerin duzensizlik indeksi 0.0 mm.dir.

Dil alani, postiri, ve

malokltzyonlarin etiyolojisinde
dentofasiyal deformite olusumunda 6nemli
bir rol oynar. Lowe ve ark (33) mandibulanin
istirahat ~ konumundaki pozisyonunun
belirlenmesinin, kas aktivitesi
pozisyonu icin oénemli bir etken oldugunu
rapor etmislerdir. Dil postirindn,

fonksiyonundan daha o6nemli

oldugu dusiinilmektedir, c¢inki
yutkunma zamani dislerle kemik arasindaki
dengeyi bozmak icin yetersiz bir stiredir (34).
Dil postird lateral sefalometrik
radyografilerden degerlendirilmistir
fakat bu yontemin dezavantaji radyasyona
maruz kalinmasidir ve bu nedenle bu islem
kisa sire icinde tekrarlanamamaktadir. Bu
sebepten, bu calismada temel dil alani

olctimleri kullanilmigtir.
Bu c¢alismada sadece

olctimlerinde cinsiyet farkliligi istatistiksel
olarak anlamhdir.  Bekledigimiz
erkeklerdeki dil alani bayanlarinkinden daha
fazladir. Benzer sonuclar Oliver ve Evans (27)
tarafindan da rapor edilmisti. Dempsey ve
ark. (36) butin olcimlerin  erkeklerde
bayanlarinkinden daha fazla oldugunu

Turkish Journal of Orthodontics 2012;25:191-205

of the tongue by water displacement. Oliver
and Evans (27) measured tongue length,
width and thickness by a Boley gauge.
Despite that Bandy and Hunter (26) reported
that measuring tongue size with caliper is
unpredictable because of the mobile and
shifting tongue size. Liégeois et al. (28)
showed that not only the size of the tongue is
closely related to demographic and biometric
characteristics, but also a highly significant
correlation exists between lingual volume
measured on MRI and the area of the lingual
shadow measured on profile radiographs.
Ozbek et al. (29) used radiographs to
evaluate the stability of tongue posture.
Similarly Malkoc et al. (30) used
cephalometric radiographs to determined
tongue and hyoid position changes after
smphyseal distraction. In the current study,
cephalometric radiographs were used for
assessment of tongue measurements.

Sayin and Turkkahraman (5) and
Turkkahraman and Sayin  (31) used
mandibular dental casts of children in the
early mixed dentition and they were divided
into two groups according to the severity of
mandibular anterior crowding. Traditionally,
measurements on dental casts are performed
with the aid of either calipers, Boley gauge or
needle pointed dividers. Plaster casts have
been used in orthodontics for more than 100
years. However, plaster models have
limitations that include the need for very
accurate impressions and deep vestibular
rims especially in the posterior. Despite that,
Torassian et al. (32) compared the plaster and
digital models measurements. They found
that digital model measurement showed a
clinically significant difference compared
with traditional plaster models, and
suggested using of plaster models. Thus, we
preferred plaster cast regarding to
measurements of irregularity index.

One limitation of this study is that the
irregularity index is not representative of a
malocclusion where the incisors may have
normal contacts interproximally, but are
aligned in a crisscross pattern. Incisors with
perfect contacts but aligned in crisscross
pattern would technically record as 0.0 mm
for its irregularity index.
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bulmuslardir. Lauder ve Muhl (2) erkeklerde
dil, orofarinks ve toplam agiz boslugu
hacminin daha biyik oldugunu bulmuslardir.
Bu cinsiyet farkliligi dental arklar icin de
gecerlidir  ve bu durum analizlerde
karisiklihga sebep olabilmektedir. Tamari ve
ark (37) cinsiyet farkhiliklarini arastirdiklari
calismalarinda dil hacmini ve mandibular
dental ark boyutlarini incelemisler ve dil
hacmini bayanlarda ortalama 22.6 cm3 ve
erkeklerde ise 25.3 cm3 bulmuslardir. Sonug
olarak ortalama dil hacmini ve mandibular
dental ark boyutunun erkeklerde anlamli
derecede  daha  fazla bulduklarini
belirtmislerdir. Lestrel ve ark (38) cinsiyetler
arasindaki farkliliklarr gostermisler ve dental
arklardaki caprasikligin asimetrik
paterninden de bahsetmislerdir.

Literartire  bakildiginda alt  keser
caprasikligina yol acan faktorlerde celiskili
sonuclar bulunmaktadir. Bir hipoteze gore
dental arkin boyutu ve sekli, dil boyutu
tarafindan belirlenmektedir (15,16). Sinclair
ve Little (4), Howe ve ark (39) cesitli
mandibular  parametre ile caprasiklik
arasinda anlamli bir iliski bulamamuslardir.
Berg (23) alt keser caprasikligina sahip
cocuklarda, mandibular ark uzunlugunun
anlamli oranda kiiciik oldugunu bulmustur.
Benzer sekilde Radnzic (40) caprasiklik
miktari ile ark boyutu arasinda anlamli bir
iliski oldugunu rapor etmistir. Tturkkahraman
ve Sayin (31) caprasiklik miktari ile
mandibular uzunluk arasinda 6nemli oranda
ters iliski bulmuslardir. Bandy ve Hunter (26)
dilin hacminin ve boyutunun az da olsa
mandibular dental arkin  genislik ve
uzunluguna, keserler arasi iliski miktarina, alt
keserlerin mandibular dizlem ile yaptigi
aclya etki ettigini  belirtmislerdir. Bu
calismada ise, degisik caprasiklik miktarina
sahip hastalarin  dil boyutlariyla ilgili
istatistiksel olarak anlamli bir farklilik
bulunmamuistir.

Dil, dudak ve yanak arasindaki kuvvet
dengesi dislerin yatay ve dikey pozisyonlarini
ve ayni zamanda dental  arktaki
pozisyonlarini da etkilemektedir (37). Dil
hacminin kraniofasiyal gelisimi ve dental ark
formunu nasil etkiledigi konusunda sinirli
bilgi mevcuttur. Harvold ve ark (7) rhesus
maymunlari tizerinde yaptiklar bir ¢calismada
glossektomi ile kismen dil hacmini kigultip

Orhan, Yagci, Ugar, Alan, Uysal

Tongue area, posture, and function are of
crucial importance in the etiology of
malocclusions and dentofacial deformities.
Lowe et al. (33) reported that identified the
rest position of the mandible as an important
determinant of muscle activity and tooth
position. Tongue posture is supposed to be
even more important than tongue function,
since the total time of swallowing is too short
to affect the equilibrium of forces on teeth
and bones (34). Tongue posture has been
evaluated by using lateral cephalograms (35)
but disadvantage of these diagnostic
procedures is radiation exposure and this
condition disables frequent repetitions of the
procedures. Because of this, basically tongue
area measurements used in this study.

In  the present study, statistically
significant  gender  differences  were
determined only in  tongue area
measurement. As we expected, male tongue
area measurements was found greater than
those of females. Similar results were found
by Oliver and Evans. (27) Dempsey et al. (36)
discovered that overall males had larger
dimensions than females. Lauder and Muhl
(2) state that males were found to have larger
mean tongue, oropharynx and total oral
cavity volumes. This gender dimorphism is
also present in the dental arches and can play
a confounding role in analysis. Tamari et al.
(37) studied the gender differences in tongue
volume and lower dental arch size
measurements and found that the mean
tongue volume was 22.6 cm3 for females and
25.3 cm3 for males; and concluded that “the
mean tongue volume and mean lower dental
arch sizes were significantly larger in males
than in females. Lestrel et al. (38) displayed
the differences between the genders as well
as an asymmetrical pattern of crowding in the
dental arches.

A review of the literature indicated
conflicting results about the factors
contributing to mandibular incisor crowding.
It was hypothesized that the size and form of
dental arches were determined by the tongue
size (15,16). Sinclair and Little (4) and Howe
et al. (39) found no significant relations
between various mandibular parameters and
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dental arkin linguale dogru kollabe oldugunu
ve caprasiklik olustugunu gozlemlemislerdir.
Bandy ve Hunter (26) ark perimetresi ile
Olctlebilen dil alani arasinda anlamli bir
iliski bulmuslardir. Cohen ve Vig (41) dil
buyukliginin yasla birlikte intermaksiller
bosluga  bagh  olarak  biytudiginu
bulmuslardir; bu nedenle de alt keser dislere
ileri  yonde basing uygulayabilecegini
dusunmuslerdir. Onlar biyime devam
ederken dil boyutunun azaltilmasi, buytk
dilin sebep oldugu 6ne dogru olan basing
artisini kompanse ettigine dikkat cekmislerdir.
Literatiire gore yumusak doku yapilariyla alt
keser pozisyonu arasindaki iliskiyi bircok
calisma degerlendirmistir ve bu calismalara
gore yumusak dokular ergenlik donemi
sonuna kadar strekli degisim icindedir, bu
stirec icinde alt keserlere etkiyen basing
degisikliginden dolayi caprasiklik meydana
gelebilmektedir. Bu calismalardan farkl
olarak kesitsel (cross-sectional) calismalara
gore dil alaniyla  mandibular  keser
caprasikligi arasinda herhangi bir iliski
bulunamamuistir.

Agiz solunumundan burun solunumuna
gecildiginde keser dislerin egimlerindeki
degisimler, agiz acik ve kapali postur
gecislerinde orbikularis oris kasindaki kismi
basing degisikliklerinden kaynaklanabil-
mektedir (42). Lowe (43) mandibulanin asagi
dogru biyimesi ile dilin kademeli olarak
protruze oldugunu bulmustur. Bu nedenle
dudak ve dil arasinda olusan farkli basing
degisikligi keser dislerini de etkilemektedir.
Bu calismada dil alaniyla, keser pozisyonlari
arasinda her iki cinsiyette de istatistiksel
olarak anlamli bir iliski bulunmustur.

SONUC
Bu c¢alisma kisitlamalariyla  birlikte,

asagidaki sonuglari ortaya koymaktadir:

o Erkeklerdeki dil alani bayanlarinkinden
daha fazladir.

e Az, orta ve siddetli caprasikhga sahip
bireylerin dil clctimleri farkl degildir.

e Dil alani ve alt keser caprasikligi arasinda
herhangi bir iliski tespit edilmemistir.

e Dil alani ve alt keser pozisyonu arasinda
her iki cinsiyet icin de anlamli bir iligki
vardir.

Turkish Journal of Orthodontics 2012;25:191-205

incisor crowding. However, Berg (23) found
that children with  crowding were
characterized by significantly lower values
for mandibular length. Similarly Radnzic (40)
reported significant correlations between
arch dimensions and the degree of crowding.
Turkkahraman and Sayin  (31) found
significant inverse correlation between
crowding and mandibular length. Bandy and
Hunter (26) determined that the volume and
length of the tongue seem to have little
influence on the width and length of the
lower dental arch, on the degree of inter-
incisal relationship, and on the angle of the
lower incisor teeth to the mandibular plane.
In the present study, we found no statistically
significant  difference for the tongue
measurements among subjects with different
levels of crowding.

The equilibrium forces from tongue, lips
and cheeks influence the vertical and
horizontal tooth position as well as its
position in the dental arch (37). There is
limited information about the effects of
tongue volume on craniofacial growth and
dental arch formation. Using rhesus
monkeys, Harvold et al. (7) demonstrated that
reducing tongue volume by partial
glossectomy caused the dental arch to
collapse lingually and results as crowding.
Bandy and Hunter (26) found a significant
correlation between measurable tongue area
and arch perimeter. Cohen and Vig (41)
found that tongue size relative to the
intermaxillary space increased with age,
which might imply more forward pressure on
the lower teeth. They pointed out that the
descent of the tongue, as it grows, might
compensate for any possible increase in
forward pressure as a result of a larger tongue
size. According to literature many studies
evaluated the relationship between soft tissue
structures and lower incisor position and
showed that changes in the dimensions of
soft tissue structures were taking place during
the teenage period, which may alter the
pressure balance on the lower incisors,
causing them to become crowded. However
different from all studies and according to
cross-sectional data, we found no correlation
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between tongue area and mandibular

incisors crowding.

The change in incisor inclination, which

accompanies a return from mouth to nose

breathing, can be partly due to changes in

tongue and orbicularis oris pressures

associated with the transition from an open to

closed mouth posture (42). Lowe (43) found

that the tongue progressively protrudes with

increased mandibular lowering. Thus, an

alteration may occur in the differential

pressure exerted by the lips and tongue on

the incisors. In the current study, statistically

significant correlation was found between

tongue area and mandibular incisors position

for both genders.

CONCLUSIONS
Within the limitations of this study,

following conclusions can be drawn:

Male tongue area measurement was
found greater than those of females.
Tongue measurements were not different
among subjects with mild, moderate and
severe crowding.

No correlation was found between
tongue area and mandibular incisor
crowding.

The correlation between tongue area and
mandibular incisor position was found
significant for both genders.
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