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Abstract

Background: Evaluation of maxillary width holds significant clinical importance in identifying devel-
opmental abnormalities, aiding in orthodontic diagnosis and treatment planning, providing ethnic-
ity-specific data, and supporting forensic applications. Still, research on maxillary growth in trans-
verse dimension is limited due to a lack of standardized diagnostic criteria and methods for defining
normalcy. Addressing these gaps, this study aimed to establish a standard transverse maxillary di-
mension using the intermolar (IMW)-to-intercanine (ICW) width ratio determined on a large, homoge-
neous sample of dental Class | well-aligned arches with Little’s irregularity index 1 or 2 across India.
Methods: A pan-India, cross-sectional, model-based study of 1575 maxillary arch models with nor-
mal occlusion was conducted to define the transverse dimension of the maxillary arch. The IMW and
the ICW linear dimensions and their ratio were measured and statistically analyzed. These parame-
ters were also compared for sex-based differences. Results: The results revealed a mean IMW and
ICW of 36.87mm and 35.44 mm, respectively. The mean ratio of IMW to ICW was 1.04. Sexual differ-
entiation revealed a significantly higher mean values of IMW (37.54) and ICW (36.10) in males com-
pared to females for IMW (35.84) and ICW (34.92), respectively, at p=0.000. Conclusion: In normal
and well-aligned dentition, the ratio between IMW and ICW in the transverse dimension is 1.04:1. It
provides a clinically easy visual evaluation chairside method to identify normal arches, even without
radiographs. This norm can be further explored in diverse ethnic populations and explored for ap-
plications in orthodontic diagnosis and treatment planning, forensic odontology, and anthropologi-
cal studies.
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Background

The growth of the maxilla has been studied by various
biological processes and methods including anthropological
studies, paleontology, cephalometrics, comparative anatomy,
and experimental biology (1). The transverse growth of max-
illa is majorly influenced by mid-palatine sutural growth and
remodeling. Regarding the timing of maxillary growth, it is
estimated that sutural growth in combination with cartilag-
inous expansion ends at about seven years of age, following
which the apposition at the surface plays a predominant role
in growth (1). Since the growth of the maxilla shows growth
cessation very early in life, it becomes extremely important to
understand its norms and aberrations so that early interven-
tion is possible for patients (2).

Interestingly, anthropology and evolutionary literature
attempts to provide an insight pertaining to growth of facial
structure in general, whereas orthodontic literature primarily
focuses on the growth in three spatial planes and the effect of
growth modulating appliances on jaw growth (1). Addition-
ally, the influence of different facial types on the strength of
masticatory muscles, presence of maxillary atresia, and the
effect of orthodontic appliances in maxillary growth have
been extensively studied in sagittal and vertical dimensions,
but the growth studies in transverse dimension are still elu-
sive (3 — 5). This can be due to multiple issues including trou-
ble locating cephalometric landmarks, and their resulting re-
producibility, standardizing the positioning of the head,
magnification in the radiographs, and sample standardiza-
tion.® However, in the past few years there have been some
studies in which metallic implants were used for assessing
the effect of certain functional appliances on the transverse
growth of the maxilla (6, 7). A study by Monini et al used
metallic implants in the maxilla and mandible and evaluated
the changes in transverse maxillary dimension with growth
and/or treatment with bionator appliance. They found sta-
tistically significant growth in all variables, excluding ante-
rior maxillary implants distance.® Unfortunately, the effects
on transverse growth shows paucity of literature and requires
urgent attention due to its significant effects on facial struc-
ture and early identification of transverse discrepancies in
growing patients to aid in early diagnosis and management.

Maxillary transverse growth deficiency holds high clini-
cal relevance as it corresponds to conditions such as a high
palate, crossbite, accentuated curve of Wilson, increased
buccal corridors, missing teeth, and certain skeletal sagit-
tal malocclusions (8 - 10). Interestingly, the maxillary width
deficiency still lacks efficient analysis due to a lacuna in di-
agnostic criteria as well as diagnostic methods to define the
normality in the transverse dimensions, as is available in oth-
er dimensions (11). The available literature presents evidence
of certain criteria and formulas for diagnosing deficient arch-
es but determining normal arch widths, still remains a chal-
lenge (4, 12 - 16).

Moreover, crossbites and maxillary constrictions fre-
quently do not go hand in hand, which requires establish-
ing the transverse norms for correctly diagnosing the latter,
and planning the treatment to correct the occlusion, devel-

Standard Transverse Maxillary Dimension using IMW to ICW ratio .

Uvod

Rast maksile proucavao se razlicitim bioloskim procesi-
ma i metodama, ukljucujuéi antropoloske studije, paleon-
tologiju, kefalometriju, komparativnu anatomiju i eksperi-
mentalnu biologiju (1). Na transverzalni rast gornje ¢eljusti
uvelike ugjecu rast i remodeliranje sutura srednjeg nepca.
Kad je rije¢ o rastu gornje Celjusti, procjenjuje se da sutural-
ni rast u kombinaciji s hrskaviénim $irenjem zavrsava u dobi
od oko sedam godina, nakon ¢ega apozicija na povrsini ima
dominantnu ulogu u rastu (1). Bududi da rast gornje ¢eljusti
prestaje vrlo rano, iznimno je vazno razumjeti njezine norme
i aberacije kako bi se pacijentima $to prije moglo pomodi (2).

Zanimljivo je da autori antropoloskih i evolucijskih knji-
ga pokusavaju dati uvid u rast struktura lica opéenito, a orto-
dontska literatura uglavnom se fokusira na rast u trima pro-
stornim ravninama i uc¢inak aparata za modulaciju rasta na
rast Celjusti (1). Dodatno, utjecaj razli¢itih tipova lica na sna-
gu zva¢nih misi¢a, maksilarna atrezija i u¢inak ortodontskih
naprava na rast maksile opsezno su proucavani u sagitalnoj i
vertikalnoj dimenziji, ali studije o rastu u transverzalnoj di-
menziji jos su manjkave (3 - 5). To moze biti posljedica vise-
strukih problema, uklju¢ujuéi poteskoce u lociranju kefalo-
metrijskih orijentira i njihove ponovljivosti, standardiziranje
pozicioniranja glave, pove¢anje na rendgenskim snimkama i
standardizaciju uzoraka (6). No u posljednjih nekoliko godi-
na bilo je studija u kojima su metalni implantati koriSteni za
procjenu ucinka pojedinih funkcionalnih naprava na tran-
sverzalni rast maksile (6, 7). Monini i suradnici u svojem su
se istrazivanju koristili metalnim implantatima u gornjoj i
donjoj Celjusti za procjenu promjene u transverzalnoj maksi-
larnoj dimenziji s rastom i/ili lije¢enjem bionatorom. Pronas-
li su statisticki znacajan rast u svim varijablama, osim kad je
rije¢ o udaljenosti prednjih maksilarnih implantata (6). Na-
zalost, malo je literature o u¢incima na transverzalni rast $to
zahtijeva ve¢u pozornost zbog znacajnih ucinaka na struk-
turu lica i ranu identifikaciju transverzalnih odstupanja kod
pacijenata koji rastu kako bi se pomoglo u ranoj dijagnosti-
ci i lije¢enju.

Nedostatak transverzalnoga rasta maksile iznimno je
klinicki bitan zato $to odgovara stanjima kao $to su visoko
nepce, krizni zagriz, istaknuta Wilsonova krivulja, pove¢ani
bukalni koridori, nedostatak zuba i odredene skeletalne sa-
gitalne malokluzije (8 — 10). Zanimljivo je da o nedostatku
maksilarne $irine jo§ uvijek nema ucinkovite analize zato $to
nema dijagnostickih kriterija i dijagnostickih metoda za de-
finiranje normalnosti u transverzalnim dimenzijama kao $to
je to dostupno za druge dimenzije (11). U dostupnoj literatu-
ri ima dokaza o odredenim kriterijima i formulama za dija-
gnosticiranje deficijentnih lukova, ali odredivanje normalne
Sirine luka jos uvijek je izazov (4, 12 — 16).

Stovise, krizni zagrizi i suzenja gornje &eljusti Cesto ne idu
ruku pod ruku, $to zahtijeva utvrdivanje transverzalnih nor-
mi za njihovo ispravno dijagnosticiranje i planiranje terapije
za korekciju okluzije, razvoja lica i bukalnih koridora, a time
i estetike osmijeha. Sve ve¢i broj dokaza povezuje nedostat-
ne lukove s poremecajem disanja tijekom spavanja, §to mo-
ze snazno utjecati na gjelesno, mentalno i kognitivno zdravlje
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opment of face, buccal corridors, and hence smile esthetics.
A growing body of evidence links deficient arches to sleep-
disordered breathing, which can profoundly affect physical,
mental, and cognitive health (17). Additionally, arch width
may have forensic significance in terms of establishing the
ethnicity or sex determination of an individual. Studies have
proven sexual dimorphism in arch widths based on differ-
ences in the intercanine width (ICW) and intermolar width
(IMW) of males and females (18 — 20). Hence, the need for
normative data in maxillary transverse measurements is evi-
dent, not only to assess growth disturbances, but also as an
ethnic and sex determinant in establishing the arch width of
a population (21).

A hypothesis of IMW-to-ICW ratio was proposed by
Banker for defining normative and deficient arches, which
found that 98.60% of normal arches had a ratio of 1:1 +
0.05 (22, 23). This hypothesis may also help the anthropolo-
gists and forensic specialists in establishing further associa-
tion with facial forms, stature and body types of individuals.
Yet it requires further exploration.

Recognising the gap in the literature about the transverse
maxillary data for normative values such as age, sex and eth-
nicity specific and its importance in the growth of craniofa-
cial skeleton and the related disturbances, the authors in the
current study intend to define the maxillary transverse norm.

The current study was planned with the aim to determine
the average transverse inter-molar width (IMW) of perma-
nent first molars and inter-canine width (ICW) of perma-
nent canines and evaluate their ratio ICW/IMW) in an
ethnic Indian population in order to establish a transverse
maxillary norm for an ideal normal arch.

Material and Methods

The study was planned as a retrospective multicentric
pan India study on pre-treatment dental models collected
from dental colleges across 6 zones namely — north, west,
south, east, central and northeast (24). The zonal division
was an attempt to gather a large sample and give equal repre-
sentation to all the geographical areas, ethnic groups, as well
as sex. Each geographical zone identified minimum one and
maximum two dental colleges for sample collection.

Sample size calculation

A total of 1600 pairs of dental casts (267 from each zone)
were selected as the subject samples, of which 1575 casts were
used for evaluation. The sample size was derived based on the
principal author’s earlier study and using the sample size cal-
culation formula:

N= Z**SD (1-SD)/ (CI), where Z= Confidence Level,
SD= Standard Deviation Cl= Confidence Interval (2, 23).
With a Standard Deviation of 2.02 and Confidence Lev-
el of 95% (Z score= 1.96) and Confidence Interval of 0.05,
the minimum sample size was estimated to be 1567. We en-
hanced the sample to 1600 to include the risk of loss or dam-
age of few casts.

Casts of patients were selected on the basis of the follow-
ing inclusion and exclusion criteria.

Standardna transverzalna maksilarna dimenzija koristenjem omjera IMW i ICW

(17). Uz to, $irina luka moZe imati forenzic¢ko znacenje kad
je rije¢ i utvrdivanju etnicke ili spolne pripadnosti pojedinca.
Autori studija dokazali su spolni dimorfizam u Sirini luka na
temelju razlika u interkaninoj $irini (ICW) i intermolarnoj
$irini (IMW) muskaraca i Zena (18 — 20). Zato je evidentna
potreba za normativnim podatcima u maksilarnom transver-
zalnom mjerenju, ne samo za procjenu poremecaja u rastu,
nego i kao etnicka i spolna odrednica u odredivanju $irine
luka u populaciji (21).

Banker je predlozio hipotezu omjera IMW-a i ICW-a za
definiranje normativnih i deficijentnih lukova koja je otkri-
la da 98,60 % normalnih lukova ima omjer 1 : 1 + 0,05
(22, 23). Ta hipoteza takoder moze pomo¢i antropolozima
i forenzi¢arima u utvrdivanju daljnje povezanosti s oblicima
lica, stasom i tipovima tijela pojedinaca. Ipak, potrebno je
daljnje istrazivanje.

Uzimajuéi u obzir nedostatnu literaturu o transverzal-
nim maksilarnim podatcima za normativne vrijednosti kao
$to su dob, spol i etnicka pripadnost, te njihovu vaznost u ra-
stu kraniofacijalnoga kostura i s tim povezanim poremecaji-
ma, autori u ovoj studiji namjeravaju definirati maksilarnu
transverzalnu normu.

Ova studija planirana je tako da se odredi prosje¢na tran-
sverzalna intermolarna Sirina (IMW) trajnih prvih kutnja-
ka i interkanina Sirina (ICW) trajnih o¢njaka te procijeni
njihov omjer (ICW/IMW) u etnickoj indijanskoj populaci-
ji da bi se utvrdila transverzalna maksilarna norma za ideal-
ni normalni luk.

Materijali i metode

[strazivanje je planirano kao retrospektivna multicentri¢-
na panindijska studija na dentalnim modelima prije terapi-
je prikupljenima na stomatoloskim fakultetima u Sest zona
— sjever, zapad, jug, istok, srednji dio i sjeveroistok (24). Zon-
skom podjelom nastojalo se prikupiti veliki uzorak i dati jed-
naku zastupljenost svim geografskim podrugjima, etnickim
skupinama te spolu. Svaka geografska zona imala je najma-
nje jedan i najvise dva stomatoloska fakulteta za prikuplja-
nje uzoraka.

Izracun veli¢ine uzorka

Kao uzorak odabrano je ukupno 1600 pari dentalnih
modela (267 iz svake zone) od kojih je 1575 odljeva koriste-
no za procjenu. Veli¢ina uzorka odredena je na temelju rani-
je studije glavnog autora i koriStenjem formule za izra¢un ve-
li¢ine uzorka:

N= Z2*SD (1-SD)/ (CI), gdje je Z = razina pouzdano-
sti, SD = standardna devijacija CI = interval pouzdanosti (2,
23). Sa standardnom devijacijom od 2,02 i razinom pouzda-
nosti od 95 % (Z rezultat = 1,96) i intervalom pouzdanosti
od 0,05, minimalna veli¢ina uzorka procijenjena je na 1567.
Uzorak smo povecali na 1600 kako bismo ukljucili rizik od
gubitka ili o$tec¢enja nekoliko modela.

Modeli pacijenata odabrani su na temelju kriterija za
ukljucivanje i isklju¢ivanje.
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Inclusion criteria

Subjects of Indian origin (three generations living in In-
dia); Age group 15-35 years; Presence of all teeth dill first
permanent molars in the maxillary arch; Class I dental oc-
clusion with no or minimal crowding or spacing (Littles in-
dex 1 and 2), (25); Patients with average face with straight or

convex profile and normal growth pattern; Normal overjet
of 0-2mm (26).

Exclusion criteria

Early or late mixed dentition; Severe crowding or spacing
in maxilla; Class III or Class II skeletal and dental malocclu-
sion; Vertical or horizontal growth pattern.

Methodology

Protocols were defined for the inclusion as well as the
measurement of casts before the start of the study. Training
for evaluation of casts was conducted for all centers included
in the study by the principal investigator through an online
platform. Each zone deployed two trained orthodontists to
independently perform the anatomical measurement of in-
ter-molar (IMW) and inter-canine widchs (ICW).

Measurement of ICW and IMW: Two trained orthodon-
tists, using the digital Vernier caliper, accurate to 0.01 mm,
measured the linear measurements, the ICW and the IMW
in the maxillary dental models independently. The IMW
was measured from left side of maxillary arch to the right
side at the junction where the lingual groove of the maxillary
first molar meets the palatal mucosa, as taken in Mc Namara
(2003), (27). The ICW was measured from the canine tip of
left to right side of the maxillary arch (Figure 1), (23).

Standard Transverse Maxillary Dimension using IMW to ICW ratio .

Kriteriji za ukljucivanje

1. subjekti indijskog podrijetla (tri narastaja zive u Indi-
ji); 2. dobna skupina od 15 do 35 godina; 3. prisutnost svih
zuba do prvih trajnih kutnjaka u ¢eljusnom luku; 4. dental-
na okluzija klase I bez minimalne kompresije ili razmaka ili s
minimalnom kompresijom ili razmacima (Littlesov indeks 1
i2) (25); 5. pacijenti s prosje¢nim licem s ravnim ili konvek-
snim profilom i normalnim uzorkom rasta; 6. normalan ho-
rizontalni preklop (overjet) od 0 do 2 mm (26).

Kriteriji za iskljucivanje
1. rana ili kasna mjesovita denticija; 2. ozbiljna kompre-
sija ili razmaci u maksili; 3. klasa IIT ili klasa II skeletalne i

dentalne malokluzije; 4. vertikalni ili horizontalni obrazac
rasta.

Metodologija

Definirani su protokoli za uklju¢ivanje i mjerenje modela
prije pocetka studije. Glavni istraziva¢ educirao je suradnike
za procjenu modela za sve centre ukljucene u studiju putem
online platforme. Svaka zona zaduzila je dva educirana orto-
donta da neovisno obavljaju anatomsko mijerenje intermolar-
ne (IMW) i interkanine Sirine (ICW).

Mjerenje ICW-a i IMW-a: dva educirana ortodonta ne-
ovisno su mijerila linearne mjere ICW-a i IMW-a na maksi-
larnim dentalnim modelima koristeéi se digitalnim Vernie-
rovim kaliperom toc¢nosti do 0,01 mm. IMW je izmjeren od
lijeve strane maksilarnoga luka prema desnoj na spoju gdje se
lingvalni Zzlijeb prvoga maksilarnoga molara susre¢e sa slu-
znicom nepca, prema Mc Namari (2003) (27). ICW je iz-
mjeren od vrha o¢njaka s lijeve na desnu stranu maksilarno-

ga luka (slika 1.) (23).

Figure 1 Landmarks of measurement of inter-canine and inter-molar widths

ICW: Intercanine width, IMW: Intermolar width

The intermolar width was measured from left side of maxillary arch to the right side at the junction where the lingual groove of the
maxillary first molar meets the palatal mucosa. The ICW was measured from the canine tip of left to right side of the maxillary arch.

Slika 1. Orijentiri mjerenja interkanine i intermolarne Sirine
ICW: Interkanina Sirina, IMW: Intermolarna Sirina

Intermolarna Sirina mjerena je od lijeve strane gornje celjusti do desne strane na spoju gdje se lingvalni Zlijeb gornjega prvog
kutnjaka susrece sa sluznicom nepca. ICW je mjeren od vrha o¢njaka s lijeve na desnu stranu maksilarnog luka.
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Data entry

The measured data were entered in Microsoft Office Ex-
cel® 2007 (Microsoft®, Redmond, Washington, USA) formu-
lated and shared by the principal investigator with all the
centers and then used for further statistical analysis. Before
entering the values for ICW and IMW, the patient identi-
ty was blinded by giving them a unique ID as per the name
of each centre. The entries were designated separately for
males and females. The ratio was automatically calculated

for IMW: ICW width in the Excel sheet.

Statistical Analysis

The data were analyzed using the Statistical Package for
Social Sciences (SPSS) software (SPSS for Windows, V.16.0.
SPSS Inc., Chicago, IL, USA; now IBM Corp., Armonk,
USA). A p-value of <0.05 was set as statistically significant.
The normality of the data distribution was checked using
the Shapiro-Wilks test and by the visual analysis of the nor-
mal Q-Q plots for the measured variables, the ICW and the
IMW values. The measurement error and the inter-observer
reliability of the measurements were tested using Dahlberg’s
formula and intraclass correlation coefficient (ICC), respec-
tively (28). To apply Dahlberg’s formula and the ICC, the
measurements of ICW and IMW were recorded individually
by two trained orthodontists using the same set of 30 mod-
els and the same Vernier caliper, at a gap of one month pri-
or to the start of the main study. The Wilcoxon signed ranks
test was used to compare the mean values of IMW and ICW.

Results

Out of the total number of 1600 casts collected from all
centers, 1575 (98.4%) casts were analyzed as they completely
fit the inclusion and exclusion criteria. Out of the total num-
ber of 1575 casts analyzed, the data for males and females
were unclear in some entries due to retrospective records.
Hence, for sex differences, a total of 1025 (65.8%) casts were
analyzed. Of these, 435 were males (42.4%) and 590 were fe-
males (57.6%).

Sample Characteristics

The Shapiro-Wilks test (p>0.05) and a visual inspection
of their histograms and the normal Q-Q plots showed that
the values of both ICW and IMW were not normally dis-
tributed, with skewness of 0.0.063 (SE=0.062) and kurtosis
of 0.593 (SE= 0.0.123) for the IMW and skewness of 0.273
(SE=0.0.062) and kurtosis of 1.287 (SE= 0.123) for the ICW.

IMW and ICW measurements

The results of the Dahlberg formula and ICC revealed
an excellent reliability of the measured data. (Table 1) The
mean values of the measured variables are shown in Table
2. The Wilcoxon signed rank test revealed a significant dif-
ference in the mean values of ICW and IMW. The study re-
vealed a mean ratio of 1.04:1 between IMW and ICW. It was
observed that 33.1% of the dental models revealed a ratio of
<1.00 and the remaining had a ratio of >1.00 (Table 3).

Standardna transverzalna maksilarna dimenzija koristenjem omjera IMW i ICW

UnoSenje podataka
Izmjereni podatci uneseni su u Microsoft Office Excel”

2007 (Microsoft’, Redmond, Washington, SAD), glavni
istraziva¢ ih je formulirao i poslao svim centrima, a zatim su
koristeni za daljnju statisticku analizu. Prije unosa vrijedno-
sti [CW-a i IMW-a, identitet pacijenta je zaslijepljen dava-
njem jedinstvenoga ID-a prema nazivu svakoga centra. Pri-
jave su bile ozna¢ene odvojeno za muskarce i zene. Omjer je
automatski izracunat za IMW: ICW u tablici Excela.

Statisti¢ka analiza
Podatci su analizirani s pomocu softvera Statistical Pac-

kage for Social Sciences (SPSS) (SPSS za Windows, V.16.0.
SPSS Inc., Chicago, IL, SAD; sada IBM Corp., Armonk,
SAD). P-vrijednost < 0,05 postavljena je kao statisticki zna-
¢ajna. Normalnost distribucije podataka provjerena je Shapi-
ro-Wilksovim testom i vizualnom analizom normalnih Q -
Q dijagrama za izmjerene varijable, ICW i IMW vrijednosti.
Pogreska u mjerenju i medupromatracka pouzdanost mjere-
nja testirani su koriStenjem Dahlbergove formule i unutarra-
zrednoga koeficijenta korelacije (ICC) (28). Da bi se primije-
nila Dahlbergova formula i ICC, mjerenja ICW-a i IMW-a
pojedinac¢no su zabiljeZila dva educirana ortodonta koriste¢i
se istim setom od 30 modela i jednakim Vernierovim kalipe-
rom, u razmaku od mjesec dana prije pocetka glavne studije.
Wilcoxonov test rangiranja s predznakom koristen je za us-

poredbu srednjih vrijednosti IMW-a i ICW-a.

Rezultati

Od ukupnog broja od 1600 modela prikupljenih iz svih
centara, 1575 (98,4 %) analizirano je jer su potpuno zado-
voljavali kriterije za ukljucivanje i isklju¢ivanje. Od ukupno
1575 analiziranih modela, podatci za muskarce i zene u ne-
kim su zapisima bili nejasni zbog retrospektivnog unosenja.
Dakle, za spolne razlike analizirano je ukupno 1025 (65,8 %)
modela. Od toga je bilo 435 muskaraca (42,4 %) i 590 Ze-
na (57,6 %).

Obiljezja uzoraka

Shapiro-Wilksov test (p > 0,05) i vizualni pregled njiho-
vih histograma i normalnih Q — Q dijagrama pokazali su da
vrijednosti te ICW i IMW nisu normalno rasporedenti, s asi-
metrijom od 0,0,063 (SE = 0,062) i kurtozom od 0,593 (SE
=0,0,123) za IMW te asimetrijom od 0,273 (SE = 0,0,062) i
kurtozom od 1,287 (SE = 0,123) za ICW.

Mjerenja IMW-a i ICW-a

Rezultati Dahlbergove formule i ICC-a otkrili su izvrsnu
pouzdanost izmjerenih podataka. (tablica 1.). Srednje vrijed-
nosti izmjerenih varijabli prikazane su u tablici 2. Wilcoxo-
nov test ranga s predznakom otkrio je znacajnu razliku u
srednjim vrijednostima ICW-a i IMW-a. Studija je otkrila
srednji omjer od 1,04 : 1 izmedu IMW-a i [ICW-a. Uoceno je
da je 33,1 % dentalnih modela pokazalo omjer < 1,00, a pre-
ostali su imali omjer > 1,00 (tablica 3.).
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Table 1

Standard Transverse Maxillary Dimension using IMW to ICW ratio .

Table showing the measurement error and inter-observer reliability of the measured data

Tablica 1. Tablica koja prikazuje pogresku u mjerenju i pouzdanost izmjerenih podataka medu promatra¢ima

Variable ¢ Observer ® n Mean ° Srednja vrijednost SD Dahlberg’s value ICC
Variajbla Promatraé (mm.) Dahlbergova vrijednost Cronbach’s Alpha
1 30 37.46 2.54
MW 1I 30 37.08 2.51 0.45 0987
I 30 35.05 2.33
I 32 .
W I 30- 34.90 2.19 03 0985

ICC: intraclass correlation coefficient (ICC) © koeficijent medurazredne korelacije (ICC), ICW: Intercanine width ¢ interkanina Sirina, IMW:

Intermolar width ® intermolarna sirina

Table 2

Mean ° Srednja vrijednost

Table showing the results of the descriptive statistics of the measured variables
Tablica 2. Tablica s rezultatima deskriptivne statistike mjerenih varijabli

Std. Deviation ®

. .o . % %
Variable ¢ Varijabla N mm Std. devijacija 7 Sig* e P
IMW 36.87 3.07
-17.41 0.000
ICW 1575 35.44 3.09 4
Ratio ® Omjer 1.04 0.08
Table3  Table showing the frequency distribution of the models IMW/ICW Ratio n %
according to the ratio between IMW and ICW values ) 0
Tablica 3. Tablica koja prikazuje distribuciju u¢estalosti modela prema 0.76-0.95 426 270/0
omjeru izmedu IMW i ICW vrijednosti 1.00 96 6.1%
>1.00 1053 66.9%

Sex differentiation

The comparison of the means between male and female
subjects revealed a highly significant difference in the mea-
sured parameters and a significant difference for the ratio.
The males had a significantly higher mean values of IMW
(37.54) and ICW (36.10) compared to females for IMW
(35.84) and ICW (34.92) respectively at p=0.000, (Table 4).

*Signiﬁcant at P<0.05  Razina znacajnosti P < 0,05

Diferencijacija prema spolu

Usporedba srednjih vrijednosti muskih i Zenskih ispi-
tanika pokazala je iznimno veliku razliku u mjerenim pa-
rametrima i znacajnu razliku u omjeru. Muskarci su ima-
li znacajno vise srednje vrijednosti IMW-a (37,54) i ICW-a
(36,10) u usporedbi sa zenama za IMW (35,84), odnosno
ICW (34,92) pri p = 0,000 (tablica 4.).

Table 4  Sexdifferences in the measured parameters and their ratio
Tablica 4. Spolne razlike u mjerenim parametrima i njihov omjer
IMW ICW Ratio
Sex ¢ Spol N Mea1.1.° Srednja SD Mean}. * Srednja sD Mca1‘1.° Srednja SD
vrijednost vrijednost vrijednost
Male ® Muski 435 37.54 3.09 36.10 3.33 1.04 0.09
Female ® Zenski 590 35.84 2.78 34.92 3.07 1.03 0.09
Overall ® Ukupno 1025 36.56 3.04 35.42 3.23 1.04 0.09
Sig*. 0.000 0.000 0.015
*Significant at P<0.05 * Razina znacajnosti P < 0,05
Discussion Rasprava

The results of our study revealed a mean ratio of 1.04 be-
tween IMW and ICW, which is proposed as standard max-
illary transverse width norm for a Class I normal occlusion
arch forms. The strengths of our study and proposition lie
in the fact that our data are collected from a huge sample
of 1575 from all six different geographical zones with no bi-
as of ethnicity or geographical boundaries with India. This
establishes a transverse maxillary width norm which is cur-
rently documented from the data of ethnic populations in

Rezultati nase studije otkrili su srednji omjer od 1,04 iz-
medu IMW-a i ICW-a, $to je predlozeno kao standardna
norma maksilarne transverzalne Sirine za normalne oblike
okluzijskoga luka klase I. Snaga nase studije i prijedloga jest
u ¢injenici da su nasi podatci prikupljeni iz golemoga uzorka
od 1575 iz svih $est razlicitih zemljopisnih zona bez pristra-
nosti prema etnickoj pripadnosti ili zemljopisnim granica-
ma s Indijom. To uspostavlja normu transverzalne maksi-
larne $irine koja je trenutaéno dokumentirana iz podataka o
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India, but we propose it to be tested across the geographical
boundaries of the world. This study has explored the normal
width in the anterior as well as the posterior region of the
maxillary arch to explore the complex interplay of age, sex,
and ethnicity in transverse dimensions, which remain inad-
equately explored. We comply by the criterion of a “norm”
encompassing not a solitary numerical value but rather an
encompassing spectrum of values, which aptly represent the
substantial diversity found among individuals, defying en-
capsulation within a solitary figure. Even anthropological re-
search on skeletal remains has shown the narrowing of jaws
in the post-industrial, modern world, thus highlighting the
requirement of re-evaluation of the “norms” (20).

The transverse norms till date are primarily dependent on
a single metric, e.g. IMW and ICW individually. Research-
ers have noted variations in these dimensions, hence using
a ratio formed from two measurements, such as the IMW/
ICW ratio used in the current study, reduces the dependence
on a single metric and limits the discrepancies (21 — 23). This
may have a direct implication on the treatment planning for
the patients. McNamara observed that a maxillary arch with
a transpalatal width of 36 to 39 mm could accommodate a
dentition of average size without crowding or spacing, while
a width of less than 31 mm may result in crowded arches
and may need surgical or orthopedic expansion (8). Singu-
larly using the transpalatal width values may be sometimes
misleading. Further, to comprehend the growth of craniofa-
cial complex that has a direct bearing on the three spatial di-
mensions of maxilla and identify its variations in the form of
syndromes, establishing these norms become extremely im-
portant (29).

Our study documented a mean IMW of 36.87 mm +
3.07, mean ICW of 35.44 mm+3.09, and the mean ratio of
IMW to ICW at 1.04:1 (SD 0.08). A previous pilot study by
the authors has established that well-formed arches exhib-
it an IMW: ICW ratio of 1:1 0.5, and if the ratio between
IMW: ICW is less than 1.15; the subject can be identified as
having narrow arches (23). Additionally, the study identified
the arches as broad with an IMW of greater than 37.45mm,
and narrow if less than 34.92mm. But the study sample was
small comprising of 151 maxillary casts, and not including
diverse population data, hence it could not be put forward as
a norm. Thus, the authors extended the study to a pan-India
sample with normal occlusion casts to remove the bias pres-
ent in the previous study.

Numerous studies have also noted sex differences, partic-
ularly larger maxillary arch widths in males (16, 18, 19). This
was consistent with the results of our study which showed
a statistically significant difference in the average ratio of
IMW to ICW in males and females at 1.04 and 1.03, respec-
tively (p=0.015). Another longitudinal study on posteroante-
rior cephalograms of 25 males and 25 females which inves-
tigated the

changes in maxillary width showed an average differ-
ence of 2mm from 2-6 years, and 6.2 mm at 18 years be-
tween males and females, achieving the final width at 15 and
16 years in males and females, respectively.(20) A study eval-
uating the palate of adults and children in 300 casts also

Standardna transverzalna maksilarna dimenzija koristenjem omjera IMW i ICW

etnickim populacijama u Indiji, ali predlazemo da se testira
u sklopu geografskih granica svijeta. U ovoj je studiji istra-
zena normalna $irina u prednjoj i straznjoj regiji maksilarno-
ga luka kako bi se analizirala slozena interakcija dobi, spola
i etnicke pripadnosti u transverzalnim dimenzijama koje su
i dalje nedovoljno istrazene. Drzimo se kriterija norme koja
ne obuhvaca samo numericku vrijednost, nego sveobuhvatni
spektar vrijednosti koje prikladno ¢ine znacajnu raznolikost
koja se nalazi medu pojedincima, prkose¢i inkapsulaciji unu-
tar usamljene figure.

Cak su i antropoloska istrazivanja skeletnih ostataka po-
kazala suzavanje ¢eljusti u poslijeindustrijskome, moderno-
me svijetu, isticu¢i tako potrebu reevaluacije normi (20).

Transverzalne norme do danas uglavnom ovise o jednoj
metrici, npr. IMW-u i ICW-u pojedina¢no. Istrazivaci su uo-
¢ili varijacije u tim dimenzijama, zato koritenje omjera for-
miranoga od dvaju mjerenja, kao $to je omjer IMW/ICW ko-
ji se koristi u ovoj studiji, smanjuje ovisnost o jednoj metrici
i ogranicava odstupanja (21 — 23). To moze izravno utjeca-
ti na planiranje terapije pacijenata. McNamara je uocio da
maksilarni luk transpalatinalne Sirine od 36 do 39 mm moze
prihvatiti denticiju prosje¢ne veli¢ine bez kompresije ili raz-
maka, a Sirina manja od 31 mm moZe rezultirati zbijenim lu-
kovima i mozda ¢e trebati kirursko ili ortopedsko prosirenje
(8). Pojedinacno koristenje vrijednosti transpalatinalne $iri-
ne katkad moze dovesti u zabludu. Nadalje, za razumijevanje
rasta kraniofacijalnog kompleksa koji izravno utje¢e na tri
prostorne dimenzije maksile i identificiranje njegovih vari-
jacija u obliku sindroma, utvrdivanje tih normi postaje izni-
mno vazno (29).

U nasoj je studiji dokumentirana srednja vrijednost
IMW-a od 36,87 mm + 3,07, srednja vrijednost ICW-a od
35,44 mm + 3,09 i srednji omjer IMW-a prema ICW-u od
1,04 : 1 (SD 0,08). Prethodna pilot-studija autora utvrdila je
da dobro oblikovani lukovi pokazuju omjer IMW: ICW od
1:1 10,5, a ako je omjer izmedu IMWa : ICW-a manji od
1,15 moze se re¢i da subjekt ima uske lukove (23). Dodatno,
istrazivanje identificiralo je lukove kao Siroke s IMW-om ve-
¢im od 37,45 mm i kao uske ako su manji od 34,92 mm. Ali
uzorak u studiji bio je malen i sastojao se od 151 modela gor-
nje Celjusti, a nije ukljucivao razlicite podatke o populaciji i
zato se nije mogao istaknuti kao norma. Zato su autori prosi-
rili studiju na panindijski uzorak s normalnim modelima ka-
ko bi uklonili pristranost u prijasnjoj studiji.

U mnogobrojnim studijama takoder su ustanovljene
spolne razlike, posebice veca $irina maksilarnoga luka u mus-
karaca (16, 18, 19). To je bilo u skladu s rezultatima nase stu-
dije koja je pokazala statisticki znacajnu razliku u prosje¢-
nom omjeru IMW-a prema ICW-u kod muskaraca i Zena
od 1,04, odnosno 1,03 (p = 0,015). U drugoj longitudinalnoj
studiji na posteroanteriornim cefalogramima 25 muskaraca i
25 zena kojom su se istrazivale promjene u maksilarnoj $irini
istaknuta je prosje¢na razlika od 2 mm u dobi od 2 do 6 go-
dina i 6,2 mm u dobi od 18 godina izmedu muskaraca i Zena
te je postignuta konac¢na Sirina u dobi od 15, odnosno 16 go-
dina kod muskaraca i Zena (20). Autori studije u kojoj se pro-
cjenjuje nepce odraslih i djece na 300 modela takoder su do-
kumentirali ve¢e palatinalne duljine, Sirine, dubine i veli¢ine
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documented higher measurements of palatal length, width,
depth, and size of the dental papilla in males of both the
groups. Further, their comprehensive logistic regression
model incorporating all three predictors (length, width, and
depth) demonstrated significant correlations with sex within
the adult group (30).

Across different populations worldwide, distinct anthro-
pometric criteria are needed to determine the sex of un-
identified skeletal remains from those populations. Foren-
sic specialists, anthropologists, and archaeologists encounter
difficulties in estimating the sex of fragmented, buried, or
burned remains due to the often-limited availability of mor-
phological indicators of differences. Jaw bones, such as the
mandible and maxilla, which are commonly found with oth-
er skeletal elements, exhibit considerable sexual dimorphism.
Hence, establishing parameters in maxillary width for sexu-
al dimorphism as well as associated rugae pattern can aid in
reconstructive identification of an individual (31 — 34).Be-
sides studies have also documented maxillary arch width dif-
ferences in relation to various skeletal classifications of mal-
occlusion which determine the facial shape and profile. (35)

This study has thus explored the concept of maxillary
width from the a linear IMW, ICW approach as well as a
width ratio IMW/ICW), which holds a significant advan-
tage compared to linear approach. It can thus be proposed
as a norm that can be explored in diverse ethnic populations
using a robust standard methodology. The advantages of the
current study involve the application of these parameters on
a large ethnically homogeneous pool of subjects. The ratio-
based approach, irrespective of age or sex, presents a straight-
forward and visually clear methodology, rendering it clini-
cally feasible even in the absence of radiographic assistance.
Nevertheless, it also puts forth a limitation of using a manual
approach of measurement which can be prone to some bias.

Future scope

It can be further modified to a standard life size pho-
tographic technique for procuring the 3-D casts, identify-
ing the landmarks and performing digitized measurements
through software which can mitigate the bias. This can also
enable an artificial intelligence-based machine learning al-
gorithm to further differentiate between normal and narrow
arches (36). It can have multiple applications in orthodon-
tic diagnosis, treatment planning, study of development dis-
turbances, anthropological studies in diverse ethnic popula-
tions, forensic data generation, and many more.

Conclusion

The average IMW to ICW ratio among individuals with
normal and well-aligned dentition was documented as 1.04
from the data of ethnic populations across India. Sexual dif-
ferentiation revealed a significantly higher mean values of
IMW (37.54mm) and ICW (36.10mm) compared to females
for IMW (35.84mm) and ICW (34.92mm), respectively, at
p=0.000. The study presents a general maxillary width norm
of approximately 1:1 ratio as a simple, easy, chairside aid to
the clinician to identify normal or narrow arches. This study
will aid the clinicians in diagnosis and treatment planning

Standard Transverse Maxillary Dimension using IMW to ICW ratio .

zubne papile kod muskaraca u objema skupinama. Nadalje,
njihov sveobuhvatni logisticki regresijski model koji uklju-
¢uje sva tri prediktora (duzinu, $irinu i dubinu) pokazao je
znacajne korelacije sa spolom unutar skupine odraslih (30).

U razlicitim populacijama diljem svijeta potrebni su ra-
zliciti antropometrijski kriteriji za odredivanje spola neiden-
tificiranih skeletnih ostataka tih populacija. Forenzi¢ari, an-
tropolozi i arheolozi nailaze na poteskoce u procjeni spola
fragmentiranih, zakopanih ili spaljenih ostataka zbog ce-
sto ograni¢ene dostupnosti morfoloskih pokazatelja razli-
ka. Celjusne kosti, kao $to su mandibula i maksila, koje se
obi¢no nalaze s drugim elementima kostura, pokazuju zna-
¢ajan spolni dimorfizam. Zato utvrdivanje parametara u §i-
rini maksilarnoga luka za spolni dimorfizam te povezanog
uzorka nabora moze pomo¢i u rekonstruktivnoj identifika-
ciji pojedinca (31 — 34). Osim toga, u studijama su takoder
dokumentirane razlike u Sirini maksilarnoga luka u odnosu
na razlicite skeletne klasifikacije malokluzije koje odreduju
oblik i profil lica (35).

U ovoj studij zato je istrazen koncept maksilarne $irine iz
linearnoga IMW-a i ICW-a te omjer Sirine (IMW/ICW) ko-
ji ima znacajnu prednost u usporedbi s linearnim pristupom.
Zato se moze predloziti kao norma za istrazivanje u razlici-
tim etni¢kim populacijama koristenjem robusne standardne
metodologije. Prednosti ovog istrazivanja ukljuc¢uju primje-
nu tih parametara na veliki etnicki homogeni skup ispita-
nika. Pristup koji se temelji na omjeru, bez obzira na dob ili
spol, jednostavna je i vizualno jasna metodologija, $to ga ¢ini
klini¢ki izvedivim ¢ak i bez radiografske pomo¢i. Unato¢ to-
mu, takoder ograni¢ava manualni pristup mjerenju koji mo-
ze biti podlozan odredenoj pristranosti.

Buduca primjena

Mote se dalje modificirati u standardnu fotografsku teh-
niku u prirodnoj velic¢ini za dobivanje 3D modela, identifici-
ranje orijentira i obavljanje digitaliziranih mjerenja softverom
$to moze ublaziti pristranost. To takoder moze omoguciti al-
goritmu strojnog ucenja temeljenom na umjetnoj inteligen-
ciji da dodatno razlikuje normalne i uske lukove (36). Moze
imati viSestruku primjenu u ortodontskoj dijagnostici, plani-
ranju lijecenja, proucavanju razvojnih poremecaja, antropo-
loskim studijama u razli¢itim etnickim populacijama, stva-
ranju forenzickih podataka i jo§ mnogo toga.

Zakljucak

Prosje¢ni omjer IMW-a prema ICW-u medu pojedinci-
ma s normalnom i dobro poravnatom denticijom dokumen-
tiran je kao 1,04 iz podataka o etnickim populacijama di-
liem Indjje. Diferencijacija prema spolu pokazala je znacajno
vise srednje vrijednosti IMW-a (37,54 mm) i ICW-a (36,10
mm) u usporedbi sa Zenama za IMW (35,84 mm), odnosno
ICW (34,92 mm), pri p = 0,000. Studija daje opéu normu $i-
rine gornje ¢eljusti od priblizno 1 : 1 omjera kao jednostavnu
pomo¢ klinicaru za prepoznavanje normalnih ili uskih luko-
va. Ova ¢e studija pomo¢i klini¢arima u dijagnozi i planira-
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and its potential applications extend to all branches of den-
tistry including orthodontics, forensic odontology, and an-
thropological studies.
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ortodontskoj dijagnostici i planiranju terapije, pruzanju podataka specifi¢nih za etni¢ku pripadnost i

u forenzici. Ipak, istrazivanja maksilarnoga rasta u transverzalnoj dimenziji ogranic¢ena su zbog nedo-
statka standardiziranih dijagnostickih kriterija i metoda za definiranje normalnosti. RjeSavajuci te ne-
dostatke, cilj ovog istrazivanja bio je uspostaviti standardnu transverzalnu maksilarnu dimenziju ko-
ristenjem omjera intermolarne (IMW) i interkanine Sirine (ICW) odredenog na velikome homogenom
uzorku dobro poravnatih zubnih lukova klase | Littleovim indeksom nepravilnosti 1 ili 2 diljem Indi-
je. Metode: Provedena je panindijska presje¢na studija na temelju 1575 modela maksilarnoga luka s
normalnom okluzijom da bi se definirala transverzalna dimenzija gornjega luka. Izmjerene su i stati-
sticki analizirane linearne dimenzije IMW-a i ICW-a te njihov omjer. Ti su parametri takoder usporede-
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ni s obzirom na razlike prema spolu. Rezultati: Rezultati su otkrili prosjecan IMW i ICW od 36,87 mm,
odnosno 35,44 mm. Srednji omjer IMW-a prema ICW-u bio je 1,04. Diferencijacija prema spolu poka-

zala je znacajno vise srednje vrijednosti IMW-a (37,54) i ICW-a (36,10) kod muskaraca u usporedbi s
Zenama za IMW (35,84) i ICW (34,92) (p = 0,000). Zaklju¢ak: U normalnoj i dobro poravnatoj denticiji
omjer izmedu IMW-a i ICW-a u transverzalnoj dimenziji iznosi 1,04 : 1. Omogucuje klinicki jednostav-
nu metodu vizualnog prepoznavanja normalnih lukova ¢ak i bez radiografije. Ta se norma moze da-
lje istrazivati u razlicitim etnickim populacijama i analizirati za primjenu u ortodontskoj dijagnostici i
planiranju terapije, forenzi¢koj odontologiji i antropoloskim studijama.
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