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Abstrakt

Predkladana dizertacni prace shrnuje vysledky vyzkumu zaméfeného na studium
kraniofacialni morfologie u pacientl s obli¢ejovymi rozs§tépovymi vadami v navaznosti
na terapeutické piistupy (Caganova et al., 2014; Daddkova et al., 2016; Hoffmannova
etal., 2016; (Caganova et al., 2014; Dadakova et al., 2016; Hoffmannova et al., 2018;
Moslerova et al., 2018). U¢inky terapie jedinci s patologickymi odchylkami riistu neni
mozné hodnotit bez detailnich auxologickych studii kontrolnich jedinctl, jejichz
morfologie obliceje, longitudinalni zmény popi. projevy pohlavniho dimorfismu byly
hodnoceny na zékladé¢ obdobné metodologie (Koudelova et al. 2015). Disertacni prace
tedy byla koncipovéna jako svazek Sesti publikaci s obecnym syntetickym tvodem do
dané problematiky. Dohromady prace zahrnuje probandy Sirokého vékového spektra od
narozeni do 15 let v celkovém poctu 294 3D facidlnich skend, 36 telerentgenovych
snimkid obliceje, 112 3D skenl sadrovych odlitkd patra. Pfi hodnoceni pievladaji
metody geometrické morfometrie a mnohorozmeérné statistiky.

Stézejni klinickd Cast disertace se zabyva vlivem dvou typli operativy na rist
avyvoj obliceje pacientl s rozstépy, konkrétné neonatdlni cheiloplastiky (NCH)
a sekundarni spongioplastiky (SS). Neonatalni cheiloplastika (NCH) je operativa, jejiz
vliv byl studovan z nékolika aspektli. NCH je operace defektu rtu provadénd béhem
prvnich dvou tydnl Zivota, nejcastéji pak mezi 1. a 7. dnem po narozeni. Ve dvou
studiich se zabyvame hodnocenim ridstu patra u déti s kompletnim jednostrannym
roz§tépem rtu, Celisti a patra (cCUCLP) a méné zavaznou vadou s mostem (UCLP+b)
béhem prvnich deseti mésicti zivota. V tomto obdobi pfed nésledujici operativou
(palatoplastikou) mtizeme jasn¢ definovat piipadné negativni vlivy NCH na riist maxily.
Vysledky ukazaly, ze patra u déti po neonatalni sutufe prodélavaji bez ohledu na rozsah
postizeni obdobné ristové zmény, pfi¢emz patra u kompletnich rozstépt jsou vyraznéji
formovéana u¢inky NCH nez patra u jedincti s mostem. K nejvétSimu riistu v tomto
obdobi dochéazi na anteriornich a posteriornich okrajich obou patrovych segmentd,
pficemz maxila UCLP pacientll vykazuje podobné tendence ristu jako u porovnavanych
dat zdravych jedinct. Z naSich vysledkl vyplyva velmi dulezity poznatek, Ze neonatalni
sutura rtu béhem prvniho roku zivota sama o sob¢ nelimituje rist horni Celisti na
anteriornich koncich a v pfedozadnim sméru celkové a béhem sledovaného obdobi
nedochéazi k zuZeni dentoalveolarniho oblouku v oblasti mezi Spic¢aky (Hoffmannova

et al. 2016, Hoffmannova et al., 2018).



Vliv NCH na morfologii obliceje predskolnich déti s rozstépovou vadou byl
hodnocen na zakladé tvaru celkového povrchu oblieje. U pacientd s izolovanym
rozStépem rtu (UCL), celkovym jednostrannym rozstépem rtu, Celisti a patra (UCLP)
a celkovym oboustrannym rozstépem rtu, Celisti a patra (BCLP) byl sledovan vyvoj
obliceje ve dvou vekovych kategoriich a nasledné porovnavan s vékové odpovidajici
normou. Odchylky morfologie obli¢eje v porovndni s normou jsou u vsech sledovanych
rozStépovych vad nejvice patrné v oblasti nosu a v misté vzniku vady (philtrum),
u (UCLP) a (BCLP) je navic mirn¢ hypoplastickd oblast tvari. Nejvice jsou postiZzeni
BCLP jedinci a odchylky se pouze nesignifikantné zvyraziuji s vékem. Zavéry nasi
studie naznacuji, Ze neonatdlni cheiloplastika nemé ve v€ku mezi 3. a 5. rokem Zivota
negativni vliv na rust obli¢eje (Dadékova et al., 2016).

Navazujici studie se tykala rozSifeného souboru tychz pacientli, u nichz byla
dale sledovana asymetrie oblic¢eje, ktera byva typickym projevem pacientii predevsim
s jednostrannymi orofacidlnimi rozstépy a byva akcentovana pravé s ohledem na
chirurgicky zakrok. Z vysledki vyplyva, ze jednostranné vady (UCL, UCLP) vykazuji
asymetrii zejména primarn¢ postizené nasolabialni oblasti, u UCLP pacient asymetrie
zasahuje 1 lateraln¢jsi oblast tvafi. Necekané bylo zjisténi, ze BCLP pacienti, pfestoze
maji defekt horniho rtu oboustranné, vykazuji souhlasné s UCL a UCLP pozitivni
odchylky od symetrie v oblasti horniho rtu vlevo. V ostatnich oblastech se asymetrie
BCLP od UCLP li8i, ale v porovnani s jednostrannymi vadami je asymetric mén¢
vyrazna a ma spiSe charakter asymetrie kontrolnich soubort. Krom¢ bukalni oblasti se
asymetrie s vékem nezvyraziiuje (Moslerova et al., 2018).

Sekundarni spongioplastika je zakrok spocivajici ve vyplnéni defektu horni
Celisti drobnymi spongidéznimi §té€py a provadi se v obdobi nejcastéji mezi 7. a 9. rokem,
v zavislosti na profezavani stalych Spicakt. Hlavnim cilem operativy je doplnéni
chybéjici kosti horniho alveolarniho oblouku a umoznéni profezani trvalé¢ho Spicaku
v misté¢ pivodniho rozstépu. V nasi studii byl sledovan efekt této terapie na vyvoj
obliceje v obdobi mezi 10. a 15. rokem véku, které je v ontogenezi splanchnokrania
pacientli s orofacidlnimi rozstépy kritické. Z vysledkii vyplyva, Ze vyvoj obliceje
Pacienti s SS méli v porovnani s pfedchozi operativou celkové konvexnéjsi profil,
vyrazngj$i prominenci nosu a mén¢ poskozené vertikdlni vztahy mezi obéma celistmi

(Caganova et al., 2014).
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Stézejni klinickd cast je doplnéna auxologickou studii zaloZenou na
longitudinalnim sledovani morfologie oblieje zdravych jedinct ve v€ku pubertalniho
spurtu. Obdobi adolescence je z hlediska studia patologického vyvoje rozstépovych
pacientll velmi diilezité, nebot’ pravé v tomto obdobi je popisovana nedostatecnost ristu
sttedni Casti obliceje a zhorSeni mezicelistnich vztahli. Metodologie, podobné jako
u vétSiny studii predchozi casti disertace, je zalozena na hodnoceni variability
1 primérné formy/tvaru obliceje na zdkladé¢ 3D virtudlnich povrchovych facialnich
modelt pokroc¢ilymi metodami geometrické morfometrie. Studie Koudelova et al.
(2015) pfinesla z klinického hlediska cenny poznatek, zZe mezi 12. a 15. rokem nebyl
prokézan pohlavni dimorfismus tvaru oblic¢eje po odskélovani jeho velikosti. Pohlavni

dimorfismus formy obli¢eje byl signifikantné odlisny od 14 let véku.

Kli¢ova slova

Neonatalni cheiloplastika, sekundarni spongioplastika, rozstép, rust patra, morfologie
obliceje, asymetrie obliceje, 3D geometrickd morfometrie, klasickd morfometrie,

pohlavni dimorfismus

II



Abstract

The presented thesis summarizes the results of research on craniofacial morphology
in patients with facial cleft defects in relation to therapeutic approaches (Caganova
et al.,, 2014; Dadakova et al., 2016; Hoffmannova et al., 2016; Hoffmannova et al.,
2018; Moslerova et al., 2018). The effect of therapy in individuals with pathological
growth disorders cannot be evaluated without detailed auxological studies of control
subjects whose facial morphology, longitudinal changes, or manifestations of sexual
dimorphism were evaluated upon similar methodology (Koudelova et al. 2015).
Therefore, the thesis was conceived as a volume of six publications complemented with
a general synthetic introduction into the area of study. Together, the thesis includes
probands in a broad age spectrum from birth to 15 years with a total of 294 facial 3D
scans, 36 tele-X-ray face images, 3D scans of 112 gypsum palate castings. The methods
of geometric morphometry and multidimensional statistics prevail in the assessment.
The main clinical part of the thesis deals with the influence of two types
of surgery on the facial growth and development of patients with cleft palate, namely
secondary spongioplasty (SS) and neonatal cheiloplasty (NCH). Neonatal cheiloplasty
(NCH) is the surgery whose effects were studied from several angles. NCH is a lip
defect surgery performed during the first two weeks of life, most often between 1 and
7 days after birth. In two of our studies we deal with assessment of palate growth in
children with complete unilateral cleft lip, jaw and palate (cUCLP) and a less severe
defect of the bridge (UCLP+b) during the first ten months of life. In this period before
the next surgery (palatoplasty) we can clearly identify any possible negative effects of
NCH on the growth of the maxilla. The results showed that the palate in children after
neonatal suture underwent similar growth changes regardless of the extent of the
impairment, while palates in case of complete clefts were significantly more affected by
the NCH than the palate in the individuals with a bridge. The largest growth in this
period occurs at the anterior and posterior margins of both palate segments, with the
maxilla in UCLP patients exhibiting similar growth tendencies as compared with data
from healthy individuals. Our results suggest a very important lesson that neonatal
suture of the lip during the first year of life itself does not limit the growth of the
maxilla at the anterior ends and in the anteroposterior direction overall and during the
observed period it does not lead to narrowing of the dentoalveolar arc in the space

between the canines (Hoffmannova et al. 2016, Hoffmannova et al., 2018).
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The impact of NCH on facial morphology of pre-school children with a cleft
defect was evaluated based on the shape of the overall face surface. In patients with
isolated cleft lip (UCL), unilateral complete cleft lip, jaw and palate (UCLP) and
bilateral complete cleft lip, jaw and palate (BCLP) there was observed the development
of face in two age categories and then compared with the corresponding age standard.
In all the cleft defects, deviations of facial morphology, as compared to the standard,
were the most evident in the nasal area and in the place of origin of the defect
(philtrum), while in (UCLP) and (BCLP) there was also slightly hypoplastic buccal
area. The BCLP individuals were the most severely affected and their deviations
become only non-significantly more pronounced with age. The most important
conclusion of the study is the finding that neonatal cheiloplasty does not have negative
effect on the growth of the face between the 3" and 5" year of life (Dadakova et al.,
2016).

The follow-up study studied an extended set of the same patients whose facial
asymmetry was observed, being a typical manifestation in patients primarily with
unilateral orofacial clefts and is usually accentuated due to the surgical procedure. The
results indicate that unilateral defects (UCL, UCLP) possess asymmetry especially
in the primarily affected nasolabial area, while in UCLP patients the asymmetry affects
also the more lateral facial region. It was unexpected to discover that BCLP patients,
although having an upper lip defect on both sides, showed positive symmetry
deviations, similar to UCL and UCLP, in the upper lip on the left. In other areas,
BCLP's asymmetry varies from UCLP, but compared to unilateral defects the
asymmetry was less pronounced and it may be considered as only an asymmetry of
a control set. Apart from the buccal area, the asymmetry does not become more
pronounced with age (Moslerova et al., 2018).

Secondary spongioplasty is an operation consisting in filling the upper jaw
defect with small spongiose grafts and is performed most commonly between the
seventh and ninth year of age, depending on the emergence of permanent canine teeth.
The main objective of the surgery is to supplement the missing bones of the upper
alveolar arc and to enable the emergence of a permanent canine tooth in place of the
original cleft defect. In our study we observed the effects of this therapy on the
development in face between 10 and 15 years of age, which is highly critical age in the
ontogenesis of the splanchnocranium of patients with orofacial clefts. The results reveal

that the alveolus defect (SS) remedial method has a very positive impact on the
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formation of the patient's face. When compared with previous surgery type, the profile
of patients with SS was more convex, with more pronounced nose and less damaged
vertical relationship between the two jaws (Caganova et al., 2014).

The main clinical part is complemented with an auxological study based on
longitudinal observation of facial morphology in healthy individuals at the age of
puberty spurt. Adolescence is very important, as concerns the study of cleft patient
pathological development because it is this period when the insufficient growth in the
middle part of the face and the deterioration of the intermaxillary relationships are
described. The methodology, like in most previous studies, was based on the evaluation
of variability and average form/shape of the face studied in virtual 3D facial surface
models, using advanced methods of geometric morphometry. A study by Koudelova
et al. (2015) provided an observation, very valuable from the clinical point of view, that
between the 12" and 15™ age no sexual dimorphism in the facial shape was proven after
scaling to size. Sexual dimorphism in facial morphology was significantly different

from the age of 14.

Key words

Neonatal cheiloplasty, secondary alveolar bone rafting, cleft, palate growth, facial
morphology, facial asymmetry, 3-D geometric morphometry, classical morphometry,

facial sexual dimorphism
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1 Teoreticky uvod

Narozeni ditéte s vrozenou vyvojovou vadou (VVV) je pro rodinu vzdy velkd zatéz
a cilem klinickych odbornikli je co mozna nejvice zmirnit dopad této vady jak na
nositele samotného, tak na jeho nejblizsi okoli.

Za vrozenou vyvojovou vadu je povazovana odchylka od normaélniho
prenatalniho vyvoje, ktera vznika jak na podkladé genetickém, tak v disledku piisobeni
vngjSich faktorti ¢i jejich vzijemnou kombinaci. VVV se muze vyskytovat bud’
izolované, nebo muze byt spolu sdalsimi malformacemi soucasti syndromické
jednotky. Celosvétove se prevalence VVV udéava v rozmezi 2-3% (Corsello and Giuffte,
2012), na Evropském kontinentu je VVV popisovana pfiblizné u 2,4% narozenych déti
(Dolk et al., 2010). Dle Ustavu zdravotnickych informaci a statistiky CR (UZIS) se
v Ceské republice od roku 2000 pohybuje mira prevalence viech VVV v rozmezi 3,6 aZ
4,8 % narozenych déti, pficemz obli¢ejové rozstépové vady maji na tomto mnozstvi
znacny podil. Z celkového poctu VVV tvofi rozstépoveé vady 3,9 % a jsou patou
nejcastéjsi vrozenou vadou s incidenci pohybujici se okolo 1,6 na 1000 zivé narozenych
dsti (UZIS, 2014).

Z vyse uvedeného je tedy ziejmé, Ze rozst€pové vady a VVV obecné nejsou
jevem v zadném piipad¢ ojedinélym a diikkladny vyzkum tykajici se jak vad samotnych,

tak jejich terapie, bude i nadale vyzvou pro 1ékare, védce a dalsi klinické pracovniky.

1.1 Obecny uvod do problematiky rozstépovych vad

Vyvoj rtu a patra piedstavuje komplex na sebe presné navazujicich udalosti, které
vyzaduji tzkou koordinaci migrace, rastu, diferenciace a apoptodzy zucastnénych bunék
(Mossey et al., 2009). Lidsky oblic¢ej se zacind vyvijet ve ¢tvrtém tydnu embryogeneze
migraci bunék neurdlni listy, jejich spojenim s bunkami mezodermu a zaloZenim
facialnich primordii (Schutte and Murray, 1999; Jiang, 2006; Mossey et al., 2009) za
nasledného vzniku péarovych maxilarnich a mandibuldrnich vybézkti a neparového
vybézku frontonazalniho, ze kterého se diferencuji parové medialni a lateralni nazalni
vybézky (Wyszynski, 2002; Jiang, 2006). V dalSich tydnech dochazi k postupné fuzi
téchto vybeézkl, coz je klicovym momentem pii spravné formaci kraniofacialnich
struktur. Esencialni roli hraji pfi tomto procesu FGF, BMP a Shh signalizace (Mossey
al., 2009; Burg et al., 2016; Xavier et al., 2016). Pokud je z n&jakého diivodu proces

splynuti v kritické periodé (4. — 6. tt) narusen, vznika oblicejovy rozstép (Moore et al.,



2008). Nejleh¢i formou je izolovany rozstép rtu, vyskytujici se v rizném stupni
zévaznosti od zatezu do retni cervené az po uplny rozstép rtu (Duskova et al., 2007,
Campbell et al., 2017), pficemz zavaznost ma vliv na findlni vzhled rtu a nosu po
kromé rtu postiZzena i alveolarni oblast (Jelinek et al., 1983). Oba vySe jmenované typy
rozstépu se mohou vyskytovat ve form¢ jednostranné ¢i oboustranné (Duskova et al.,
2007). Vyvoj patra za¢ind o néco pozdé&ji, koncem patého tydne gestace a byva ukoncen
béhem tydne dvanactého, s kritickou periodou mezi Sestym a devatym tydnem.
Diivodem vzniku rozstépu patra je nesplynuti patrovych plotének béhem procesu
horizontalizace z ptivodn¢ vertikalni polohy podél jazyka (Bernheim et al., 2006; Moore
et al., 2008; Mossey et al., 2009). Divodem muze byt naptiklad nedostatecny rtist dolni
Celisti nebo hypoplazie plotének samotnych (Peterka, 2005). Vysledkem muize byt
mekkého 1 tvrdého patra (Jelinek et al., 1983; Schutte and Murray, 1999; Burg et al.,
2016). I pres naprosto odlisSny embryonalni vyvoj se rozstép rtu a rozstép patra casto
vyskytuji spolu ve form& kompletniho jedno- ¢i oboustranného rozstépu rtu, celisti
a patra (Jelinek et al., 1983; Bernheim et al., 2006).

Pfi¢inu vzniku rozstépovych vad nelze ze 70% ptesné urcit a jednd se ziejmée
o kombinaci vice slabSich genetickych a epigenetickych faktorti, tzv. faktoridlni
komplex (Peterka, 2005). Piiblizné z20% nalézdme na pozadi vzniku rozstépu
genetickou pfi¢inu. V soucasné dob¢ je znama tada gentl, kterd se podili na fizeni
aregulaci kraniofacidlniho vyvoje a hraji vyznamnou ulohu pfi vzniku
nesyndromického rozstépu (Vanderas, 1987; Wyszynski, 2002; Bernheim et al., 2006;
Rahimov et al., 2012; Luijsterburg et al., 2014). Rozstépova vada se vSak miize
vyskytovat 1 jako soucast urcitého genetického syndromu (Schutte and Murray, 1999),
pficemz syndromi, zahrnujicich rozstépovou vadu jako jeden z pfiznakl, je
v soucasnosti dle London Medical Database popsano vice nez 700 (Winter and
Baraitser, 2010). Z vn¢&jSich faktori, které samy staci na vyvolani vady, jsou to napf.
cytostatika, imunosupresiva, antiepileptika, vitamin A ¢i zafeni, poptipadé jde
o kombinaci vice slabSich faktori soucasné (infekci, horecku, lébu antibiotiky)
(Peterka, 2008; Hill and Finnell, 2010).

Rozstépova vada nezplsobuje morfologické odchylky pouze v oblasti defektu,
ale ovliviiuje rist 1 dalSich kraniofacidlnich struktur. Na vrozenou vadu navazuje

hypoplazie vSech tkani ve stfedni ¢asti obliceje (Duskova et al., 2007), pfi¢emz maxila



je zejména z diivodu zizeni alveolarniho oblouku a celkové hypoplazie povazovéana za
2018). Dle Smahela a Brejchy nalézame u pacientll s orofacialnimi rozitépy Sest
zékladnich skeletalnich odchylek, které se postupné vyvijeji az do ukonceni ristu
lebecnich struktur. P&t odchylek se tykd horni Celisti a fadime sem zmenSeni horni
vysky obli¢eje, zmenSeni délky maxily a zuZeni horniho dentoalveolarniho oblouku
(vyyjma UCL), dentoalveolarni retroinklinaci a posun maxily posteriorn¢ oproti bazi
lebni. Posledni odchylka se tyka dolni cCelisti, konkrétné redukci délky vétve a tcla
mandibuly (Smahel and Brejcha, 1983). Krom¢ hypoplazie obli¢ejovych struktur je
u jedinct s rozStépovou vadou témet vzdy pritomna urcitd mira asymetrie a to zejména
v oblasti nasomaxilarniho komplexu (Kyrkanides et al., 1995; Bugaighis et al., 2010).
Nejvice dominujici asymetrie meékkych tkani je popisovana v oblasti rti a nosu, ktera
souvisi s jizvou v oblasti chirurgického zdkroku a asymetrii skeletdlniho podkladu
(Lo, 2006; Bugaighis et al., 2014a; Al-Rudainy et al., 2018).

Cilem celé skupiny specialisti je béhem vyvoje jedince od narozeni do
morfologie obli¢eje, funkCnosti naruSenych struktur, vyvoje feci ¢i socialng-
psychologickych aspekti. Kompletni 1é¢ebny protokol zahrnuje fadu chirurgickych
a ortodontickych zakroki, stejn¢ tak jako intervenci foniatra, logopeda ¢i psychologa.
Neméné dilezitou ulohu hraje pediatr a na vySetfovani se podili také genetik
a antropolog. Hlavni ulohou antropologa je identifikace odchylek skeletu a mé&kkych
tkani obliceje porovnanim s normou, sledovani vyvoje jednotlivych odchylek v Case
a hodnoceni ucinki terapie od chirurgickych zakrokt, ptes ortodontickou 1é¢bu az po

protetiku.

1.2 Studované opera¢ni metody

Prvni pisemna zminka o operaci rtu pochazi z roku 390 n.l. z Ciny (Sandberg et al.,
2002). Zminky o chirurgickém feSeni rozstépu na Evropském kontinentu nachdzime
z obdobi kolem roku 950 n.l. V 16. stoleti se zacaly vyvijet prvni typy patrovych
obturatori a v 18. stoleti dochazi k mohutnému rozvoji nastroji a technik k feSeni
defektu rtu a patra. V 19. stoleti se zacinaji rozstépové vady operovat i na americkém
kontinentu (Duskova et al., 2007). Na nasem uzemi se ménil piistup k lécbé

roz§tépovych pacienti v n€kolika povaleénych etapach. Nejdiive se jednalo



o nekomplexni ortodontickou 1écbu bez chirurgické upravy alveolarniho vybézku, ret
operovan metodou dle Veau ve véku mezi 7. a 9. mésicem. Po roce 1957 se péce
centralizovala, alveolarni vybézek nicméné stale nebyl rekonstruovan. V druhé poloviné
Sedesatych let byla pro rekonstrukci alveolu zavedena metoda primarni osteoplastiky
(PO) a v ortodoncii se zacaly vyuzivat fixni aparaty. V prvni polovin¢ sedmdesatych let
byla PO nahrazena primarni periosteoplastikou (PP). V osmdesatych letech byla 1écba
doplnéna o repozici nosniho septa a ret se zacina operovat metodou dle Tennison-
Randalla. V devadesatych letech se zacala pro feSeni defektu alveolu pouzivat metoda
sekundérni spongioplastiky (SS). Patro bylo po celou dobu operovano shodné metodou
retropozice s faryngofixaci, pfiCemz nacasovani operace bylo posunuto do vyrazné
vysSiho véku nez dnes, mezi 4. - 6. rokem zivota (Smahel et al., 1998). V poslednich
letech je ret standardné operovan v primeéru okolo 3. mésice (mezi 3. az 6. mésicem
ve svéte) a patro kolem 9. mésice véku ditéte (Borsky, 2014). V soucasnosti je jako
alternativa provadéna operace rtu v novorozeneckém véku béhem prvnich 14 dni Zivota

tzv. neonatalni cheiloplastikou (NCH) (Borsky, 2014; Koskova et al., 2016).

Neonatalni cheiloplastika

Prvni operaci, kterou pacienti s rozstépovou vadou podstupuji, je sutura rtu. V idealnim
ptipadé by se mélo dosahnout pfiblizeni medialni a lateralni ¢asti rtu tak, aby nedoslo ke
ztraté prirozenych anatomickych struktur. Zadouci je odstranit ty okrajové Gasti, které
by branily vytvofeni idealni linie horniho rtu spolecné s doplnénim tkané¢ do ideélni
délky a dosazenim spravné vySky rtu odstranénim tkédné nadbytecné. Jizva by méla
kopirovat pfirozené linie s ohledem na anatomii oronazalni oblasti. Mélo by byt
dosazeno spravné funkce svalu m.orbicularis oris, ob€ nostrily by mély mit po obvodu
stejny tvar a ob& nosni kiidla by méla byt z predniho pohledu symetrickd (Fisher and
Sommerlad, 2011).

Neonatalni cheiloplastika (NCH) je stale castéji vyuzivana alternativa
k cheiloplastice provadéné v pozdéjsim veéku (PCH), nejcastéji mezi 3. a 6. mésicem
zivota (Wyszynski, 2002; Kobus and Kobus-Zalesna, 2014). Prvni studie, popisujici
NCH jako moznou variantu ke standardnimu feseni rozstépu rtu po tietim meésici zivota,
detailn¢ popisuji metody chirurgického feSeni rozStépu rtu, jez spolu s korekei
deformity nosu ve snaze dosdhnout co nejvyssi mozné symetrie, standardné provadéji

v novorozeneckém véku, pokud mozno jiz v prvnich 24 hodinach po narozeni. Jednim



z divodl casné operativy je predpoklad, Ze novorozenec je stale jesté¢ vybaven jakousi
LHimunitou® vici Soku z chirurgického zakroku, ktery je bezpochyby ptitomen béhem
porodu. Hlavni vyhody ovSem spatiuji v dalSich benefitech pro pacienta: ,,Technika
operace v tomto ranném véku je ndro¢nd, nicméné vyhody pro matku a dit€¢ prevazuji
nad nevyhodami pro chirurga®. Po 48 hodindch po operaci muze byt dité jiz normalné
kojeno ¢i krmeno z lahve (Blair and Brown, 1931). Straith et al. (1955) ve své praci
tykajici se chirurgickych zakroki v obliceji u novorozencti v lokédlni anestezii,
prezentuje Sirokou skupinu pacientl s riznou zavaznosti rozStépu, operovanych béhem
prvnich 28 dni zivota, Casto 7. den po narozeni. Zakroky jsou provadény nikoliv
v celkové, nybrz v lokdlni anestezii z divodu nizsiho rizika pro novorozence (Straith
et al., 1955). Tento argument bude u ¢asti operatérti v dalSich letech a viceméné dodnes
jednim z dtivodu, pro¢ suturu rtu odkladdat do pozdéjsiho véku. Dalsi pocetné soubory
pacientll podstoupivsich NCH zminuji prace z 80. a 90. let minulého stoleti. Shoduji se
na minimalnim vyskytu komplikaci, dobrém estetickém a funkénim efektu pro dité
a soucasn¢ pozitivnim vlivu na matku/rodinu (Bromley et al., 1983; Weatherley-White
et al., 1987; Freedlander et al., 1990). Weatherley-White et al. (1987) hodnoti NCH
s ndslednym kojenim jako idealni management ditéte s rozSt€épovou vadou (Weatherley-
White et al., 1987).

Rist obliCeje pacientl s rozStépovou vadou je ovlivnén nejen prodélanymi
operacemi, ale i1 naslednou ortodontickou péc¢i (Kuijpers-Jagtman and Long, 2000).
Odlisit vliv jednotlivych operaci na utvafeni kraniofacidlni oblasti neni jednoduchy.
Vzhledem k tomu, Ze je potieba uzavfit jak rozstép rtu a Celisti, tak i1 rozStép patra, neni
z etického hlediska mozné studovat vliv jednotlivych operaci na randomizovanych
kontrolnich skupinach (Kuijpers-Jagtman and Long, 2000). Nedostate¢ny rast maxily,
a s tim souvisejici retruze a oplosténi stiedni Casti obliceje, byl dlouho pfipisovan na
vrub palatoplastiky (Hagerty and Hill, 1963; Kuijpers-Jagtman and Long, 2000).
Hagerty a kolektiv vSak pfisuzuji zésadni vliv na redukci ristu maxily v pfedozadnim
sméru cheiloplastice, v disledku tlaku na anteriorni ¢ast dentalniho oblouku, ktery je
dale pfenasen na maxilarni segmenty (Hagerty and Hill, 1963). Tuto teorii podporuji
ivysledky na zvifecich modelech, kde je po operaci rtu v porovndni s kontrolou
prokazana signifikantni inhibice piedozadniho rlstu horni celisti. Zaroven autofi
popisuji vyraznou maxilarni i mandibularni asymetrii (Kremenak, 1967; Bardach and
Eisbach, 1977; Eisbach et al., 1978; Bardach, 1990). Zasadni roli na rtst horni Celisti

ptisuzuje v poloviné devadesatych let cheiloplastice i tym profesora Capellozzy, kterym



se podafilo shromazdit dosp€lé muze s kompletnim rozSt€épem rtu a patra, a to jak
skupinu neoperovanych, tak skupinu, kterd podstoupila pouze cheiloplastiku a nakonec
jedince odoperované cheilo- i palatoplastikou. Mezi kompletné a pouze cheiloplastikou
odoperovanymi jedinci nenalézali vyznamné rozdily, nicméné tyto dvé skupiny
v porovnani s neoperovanymi jedinci vykazovaly signifikantni retruzi maxily. Autofi
tedy povazuji za zasadni vénovat pozornost zejména modifikaci protokolu primarni
sutury rtu, nikoliv protokolu palatoplastiky (Capelozza et al., 1996). Tento argument je
zasadni vzhledem k tomu, Ze rast oblicejovych struktur se vyznamné lisi v souvislosti
s pouzitym opera¢nim protokolem cheilopastiky (Bardach and Eisbach, 1977; Shi and
Losee, 2014).

O nutnosti odoperovani defektu rtu neni sporu, hlavni diskuze se vSak vedou
ohledn¢ jeho nacCasovani. Jako hlavni argument pro odlozeni operace do pozd¢jsiho
véku jsou udadvéna rizika spojend s anestezii u novorozencl, kdy je vétSina organt
nezrala a je teoretické riziko nédvratu fetdlniho ob&éhu. Autofi také poukazuji na fakt, ze
beéhem kratké doby mezi narozenim a operaci neni mozno stoprocentné vyloucit
pritomnost dal§ich VVV (Straith et al., 1955; Wilhelmsen and Musgrave, 1966; Drayton
and Skidmore, 1987; Van Boven et al., 1993). Cohen et al. (1990) ve své praci
porovnava vyskyt pooperac¢nich komplikaci v souvislosti s anestezii u souboru témét
30.000 jedincti, pficemz nejvyssi miru komplikaci zaznamenava u déti mladSich
jednoho meésice. Ze studie vSak vyplyva, Ze vétSina takto Casné operovanych déti
podstoupila anestezii z divodu nutnosti kardiologické ¢i vaskuldrni operace, tedy
okolnosti, které samy o sobé bezprostiedné ohrozuji pacienta na zivoté (Cohen et al.,
1990). Van Boven et al. (1993) uvadi vyskyt komplikaci u nékolika ptipadt casné
operovanych novorozencu s rozstépem, piiC¢emz piedoperacni ditkladné sonografické
vysetieni potvrzuje pouze u 1/3 piipadd. V zadvéru dodava, ze NCH shledava jako
bezpecnou metodu u novorozencti, kteti jsou pred operaci fadné vysetieni v souvislosti
s moznym kardiologickym defektem a anestezie je provedena zkuSenym détskym
anesteziologem (Van Boven et al, 1993). ZvySe uvedenych divodid je vzdy
nepostradatelnd tloha neonatologa, ktery pted zakrokem provede peclivy predoperacni
screening, zejména z divodu detekce vrozenych vad srdce, centralniho nervového
systému a traviciho traktu. Neméné dilezité je také vylouceni poruch srdzlivosti €i
piipadnych hematologickych onemocnéni. V dnesni dobé pokrocilych vySetfovacich
metod, neni problém novorozeného pacienta timto zptisobem na ¢asny zakrok ptipravit.

Anestezii by mé¢l vzdy podéavat zkuSeny détsky anesteziolog a pracovisté by mélo byt



vybavené¢ k péfi o novorozence. Pii splnéni téchto podminek benefit Gpravy rtu
prevazuje rizika anestezie (Borsky, 2014). Casna operativa, co se tyce rizik anestezie,
ma své zastance a publikované pozitivni vysledky jiz dlouhodobé. Buntain et al. (1972)
tvrdi, ze béhem prvnich 48 hodin je novorozenec v idealnim stavu pro podstoupeni
velkého chirurgického zakroku v celkové anestezii. Je ve stavu hypervolémie
a polycytémie, mé zvySenou hladinu kortikoidii v krvi, coz je vyhodné pro boj se
stresovou situaci (Buntain et al, 1972 cit. podle Desai 1997, s. 11). V souladu s tim dalsi
autofi uvade¢ji nulovou mortalitu a minimdlni morbiditu u pacientt s NCH v souvislosti
s anestezii (v minimalnim poc¢tu pfipadd je wuvadéna hypoxémie, hypoxie),
zanedbatelnou pottebu krevni transfiize ¢i opetovné reintubace. Pokud uz se komplikace
vyskytly, nemély dlouhodobé nasledky (Akin et al. 1991; Borsky et al. 2012; Desai
1997; Freedlander et al. 1990; Galinier et al. 2008; Harris et al. 2010; Mcheik et al.
2006; Stephens et al. 1997; Weatherley-White et al. 1987). Bromley et al. srovnal
soubory NCH a PCH a co se ty¢e komplikaci v souvislosti s anestezii, nachazi je pouze
u 3,2 % ptipadi (aspirani pneumonie, respiracni deprese) a to ve dvou piipadech
u NCH a tfech ptipadech u PCH (Bromley et al., 1983). Recentni prace autort Lee et al.
(2017) zhodnotila data vSech pacientl, kteti podstoupili cheiloplastiku béhem prvniho
roku Zivota mezi roky 2004-2010 napifi¢ Spojenymi Staty a uvadéji az 15krat vyssi
riziko rozvoje komplikaci u neonatalné¢ operovanych déti. Nicméné jejich soubor
obsahuje necel¢ dvé stovky NCH pacientti z celkovych vice nez 10 000 za celé
sedmileté¢ obdobi, tzn. 1,9%. Z tohoto poméru a celkové délky hospitalizace NCH
pacientll (v priméru 19 dni) se miizeme domnivat, Ze NCH zde v této dob& nebyla
rutinné provadénou operaci a CastéjSi komplikace mohou byt v disledku nedostatku
zkuSenosti s touto operativou. Navic autofi neuvadéji typ komplikace a chybi 1 dalsi
podstatné informace.

Negativem NCH mtize byt mensi velikost tkdni a tim padem slozit&jsi prace pro
plastického chirurga (Blair and Brown, 1931; Weatherley-White et al., 1987; Akin
etal., 1991), nicméné chirurgové operujici touto metodou, vidi tento fakt jako jediny
zéapor operativy. Navic, pfi odloZeni operace do pozdéjSiho veku, sani produkuje silu,
ktera béhem tohoto obdobi u jednostrannych rozstépt tlaci rozstépenou celist dopiedu
a u oboustrannych vytlacuje dopfedu celou premaxilu. V pfipadé NCH hraje ret roli
sverace a vytvari souvisly tlak na frontalni segment maxily, coz vede k brzké tpravée jeji
anatomie, zatimco jazyk tla¢i na patro, diky ¢emuz je tvarovan dentalni oblouk

a zaroven dochazi k uzavirani alveolarniho rozstépu a kontaktu obou segmentti (Akin



etal., 1991; Desai, 1997; Valentova-StrenaCikova and Malina, 2016). Valentova-
Strenac¢ikova & Malina popisuji u pacientii po NCH rapidni zmenSeni velikosti defektu
alveolu beéhem prvnich tiech mésic zivota, dale je pokles kontinualni. Oproti tomu
u PCH popisuji mirny nartst velikosti defektu v obdobi ptfed operaci, ktery se zacina
snizovat az po zékroku, pfi¢emz rozdil oproti NCH zlstava signifikantni (Valentova-
Strenacikova and Malina, 2016). Podobné, ale jest¢ progresivngjsi piiblizeni obou
segmentil popisuje Akin et al. (1991). Béhem prvnich 15 dni se u jejich souboru
pacientli zmenSuje rozstépova Stérbina na 1-2 mm, ke vzajemnému kontaktu dochazi
béhem 3. mésice u UCLP a beéhem 10. mésice u BCLP pacientt. Pfili§ rychlé ptiblizeni
segmentll vS§ak muize mit negativni vliv na rast horni Celisti v pfedozadnim smeéru.
Borsky et al. (2012) se snazi vyhnout piili§ casnému kontaktu segmenti modifikaci
operacniho protokolu a eliminaci tlaku zjizvené tkané¢ na jednotlivé segmenty.
U jedincii operovanych ve tfech mésicich ¢i pozdéji, popisuje (Akin et al., 1991)
zmenSeni rozs§tépové Stérbiny na 2-3 mm mezi 5. a 8. mésicem a uzavieni defektu
ve 12. mésici u jednostrannych vad, u oboustrannych pak ke spontannimu spojeni
segmentil nedochdzi a je potieba revizniho zakroku. Valentova-Strenacikova & Malina
(2016) u NCH dale popisuji kontinudlni narst anteriorni oblasti nepostizeného
segmentu a vylepsovani vzajemného postaveni obou segmentil, zatimco u PCH je nartist
nesouvisly a postaveni segmentli se zaCind vylepSovat az po operaci. Formujici efekt
NCH na frontalni segment se soucasnym nartstem segmenti na anteriornich
1 posteriornich okrajich je sledovan ve studii Hoffmannova et al. 2016 a Hoffmannova
et al. 2018, pfi¢emz rustovy trend béhem prvnich deseti mésicti je u UCLP pacientli
srovnatelny s ristem zdravych kontrol. Celkova délka patra u UCLP pacientt jesté pred
suturou rtu je popisovana krat§i nez u zdravych jedinct, naproti tomu Sitka
dentoalveolarniho oblouku charakterizovana vzdalenosti mezi Spicaky a prvnimi molary
je upacienti s UCLP vyssi (Kramer et al., 1994; Hoffmannova et al., 2016). Z fady
studii vyplyva, Ze se vzdalenost mezi fezdky po cheiloplastice u pacientli operovanych
pozdni suturou snizuje (Wada and Miyazaki, 1975; Kramer et al., 1994; Honda et al.,
1995; Huang et al., 2002). Studie Hoffmannova et al. 2016 a Hoffmannova et al. 2018
nepopisuje u UCLP pacientli béhem prvniho roku Zivota pokles tohoto parametru a rist
pacientt.  mé tak vice charakter ristu zdravych jedincl. Posteriorni Sitka
dentoalveolarniho oblouku je u UCLP pacientii zpocatku vyssi nez u kontrol a dale se

behem ristu zvysuje jak u pacientii s NCH, tak u pacienti s PCH a trend je v souladu



s kontrolami (Wada and Miyazaki, 1975; Kramer et al., 1994; Honda et al., 1995;
Hoffmannova et al., 2016; Hoffmannova et al., 2018).

Za vyrazné pozitivni dasledek Casné operativy je poklddana moznost kojeni,
ktera pfinasi nutricni a imunologické benefity pro dit¢ (Cohen et al., 1992). Blair &
Brown (1931) tvrdi, ze jiz 48 hodin po zakroku, je mozné dité kojit ¢i krmit z lahve.
Desai (1997) uvadi, ze vétSina déti odoperovanych NCH se vraci k normdlnimu
stravovacimu rezimu (kojeni, krmeni lahvi) pted propusténim do doméaci péce. Podobné
vysledky doklada také Harris et al. (2010), kde bylo u vice nez poloviny pacientll pied
opusténim porodnice Uspésné zahajeno kojeni. Weatherley-White et al. (1987) ve své
studii pfedkladaji hned né€kolik pozitiv, tykajicich se NCH a ve spojitosti s krmenim.
Ptechod z intravendzni na oralni vyzivu je u jimi sledovanych déti rychlejsi, vahové
prirastky popisované u kojenych déti jsou vyraznéjsi nez u nekojenych a celkové se jevi
ptiznivé. Autofi navic nenachdzeji signifikantni rozdily v estetické kvalité jizev u ¢asné
operovanych kojenych déti v porovnani s pozdné operovanymi détmi. Cohen et al.
(1992) také nenalézaji rozdily v hojeni a ve findlnim vzhledu mezi détmi kojenymi ¢i
krmenymi lahvi a détmi krmenymi nasogastrickou sondou bezprostiedné po Casné
sutufe. Negativni vliv sani nebyl popsén ani u déti po PCH, kde autofi porovnavali
hojeni jizvy u déti krmenych lahvi s détmi krmenymi 1Zickou (Assuncao et al., 2005).
Pro casnou operativu mutiZze nahrdvat také fakt, Ze sani a krmeni déti, zejména
v ptipadech vétsi zavaznosti vady, je insuficienti a tim padem muze byt pfijem potravy
nedostacujici (Akin et al, 1991; Grow and Lehman, 2002; Robin et al., 2006;
Amstalden-Mendes et al., 2007; Gil-da-Silva-Lopes et al., 2013). V n¢kterych ptipadech
pozdni operativy je u déti v obdobi pted zakrokem popisovano vyznamné neprospivani
(Akin et al., 1991; Mzezewa et al., 2014).

Moznost kojit své dit€¢, ma vyrazné¢ pozitivni psychologicky vliv na matku
(Cohen et al., 1992). Pozitivné na psychiku matky a zbytku rodinu ptsobi také fakt, ze
si doml z porodnice odvazeji normalné vypadajici miminko a mira stresu z vrozené
vady a nasledné narocné péce se tim zmirnuje (Akin et al. 1991; Blair & Brown 1931;
Borsky et al. 2012; Borsky et al. 2007; Bromley et al. 1983; Calteux et al. 2013; Coolen
et al. 2010; Goodacre et al. 2004; Weatherley-White et al. 1987). Galinier et al. (2008)
a Mcheik et al. (2006) povazuji krom¢ jinych uspokojivych vysledki, pozitivni
psychologicky vliv na rodinu jako jeden z nejvétSich prinostt NCH.

Jednim ze zasadnich argumenti pro Casnou operativu je také hojeni jizvy

a findlni estetiky vysledek. Uvadi se, Ze hojeni pooperacnich ran v novorozeneckém



véku mé v porovnanim s odhojovani jizev v pozdéjsim véku lepsi prognézu. Ditvodem
je tzv. fetdlni vzorec hojeni (Adzick & Lorenz 1994; Longaker et al. 1994; Lorenz et al.
1992), ktery miize pretrvavat kratce po narozeni (Lorenz et al., 1992; Adzick and
Lorenz, 1994). Fetalni hojeni je umoznéno diky unikatnim fetdlnim fibroblastim, které
rychleji produkuji a uklddaji komponenty extracelularni matrix za produkce nové tkané
spiSe nez jizvy (Adzick and Lorenz, 1994). Izolaci bunéénych populaci keratinocyti
a fibroblastli z rezidudlnich tkani pacientt po NCH, byly v kultufe keratinocyti
nalezeny populace pozoruhodné malych bun€k s markery pro malo exprimovany keratin
8 a 19. Tyto bunécné populace nebyly u déti starSiho véku nalezeny. Fibroblasty
novorozencl se liSily pfedev§im v expresi proteinu nestinu, ktery souvisi
s proliferacnim a diferenciatnim potencidlem builkky a vyznamné klesd s vékem.
Celkové lze fici, Ze keratinocyty a fibroblasty novorozenct se signifikantné lisily od
bun¢k ziskanych od starSich kojenci a mohou mit vliv na sniZenou tvorbu jizev
u chirurgickych zakrokli provadénych casné po narozeni (Krejci et al., 2015). Blaha
et al. (2013) nalezl v explantatech u novorozencti signikantné nizsi hladinu tkanovych
inhibitortt TIMP-1, nez ve tkanich odebranych pfi zdkroku mezi 2. a 4. mésicem veku.
Vyssi obsah tohoto proteinu v dospélé tkani souvisi s tvorbou jizev. Tento vysledek je
slibnym poznatkem k dalSimu studiu hojeni jizev v souvislosti s natasovanim operace.
Mcheik et al. popisuji excelentni estetickou kvalitu provedené operace rtu a nosu.
Hodnoceni pacienti probiha na zaklad¢ fotografii, z nichz je posuzovana potieba
revizniho zékroku. Pacienti jsou operovani béhem prvniho mésice Zivota v priméru
13. den klasickou metodou dle Millarda. Co se tyce potieby revize, nenachazeji autofi
vyznamny rozdil v porovnani s PCH, nicméné u donosenych novorozencu jednoznacné
podporuji ¢asnou operativu (Mcheik et al., 2006). Hodnoceni atraktivity v souvislosti
s riznym nacasovanim operace nepiinasi z pohledu tymu Goodacre et al. (2004) zadné
vyznamné piednosti ve prospéch NCH oproti pozdni operativé. Studie hodnoti NCH
pacienty ze dvou riznych center a neuvadi operacni protokol. V souvislosti s vysledky
se domnivaji, ze dalezité¢ pro volbu mezi NCH a PCH budou zejména psychologické
nasledky jednotlivych protokli na rodinu ditéte. Borsky hodnoti esteticky vysledek
Casné operace s odstupem minimdlné¢ jednoho roku, na zékladé¢ posouzeni vzhledu
pacientl plastickymi chirurgy a laickymi posuzovateli. Shoda mezi posuzovateli byla
testovana zvlast’ pro jednotlivé skupiny, i pro vSechny dohromady Krippendorffovym
indexem alfa pro pofadova data. Lepsi vzhled jizvy u déti operovanych v neonatalnim

obdobi je hodnocen jako statisticky vyznamny. Pacienti byli operovani modifikovanou
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metodou dle Tennisona ¢i Veau (dle typu vady) mezi 1. a 8. dnem po narozeni (Borsky,
2014).

V ramci naseho projektu hodnotime pacienty, ktefi jsou operovani jednim
operatérem (MUDr. Jifi Borsky, PhD.) modifikovanou metodou dle Tennisona
u jednostrannych vad a metodou podle Veau modifikovanou pro oboustranné rozstépy.
Modifikace pro jednostranné vady spoc¢iva v doplnéni dvéma laloky, které jsou ziskané
sklopenim okraji rozstépové Stérbiny. Jeden z lalokt slouzi k prohloubeni vestibula
a spodiny dutiny nosni, druhy lalok pak umoziiuje prohloubeni a doplnéni horniho
vestibula ustniho. Laloky poskytuji materidl navic a umoiﬁuji snadnéjsi modelaci rtu
zvednuti dvou slizni¢nich lalokii na mezicelisti, které jsou pouzity k prohloubeni
horniho ustniho vestibula a dale dvou slizni¢nich lalokii k prohloubeni vestibula
a spodiny nosni. Tato modifikace umoziiuje snadnéjSi modelaci rtu a nosu bez
soucasného napéti modelovanych tkani (Obr 1.B). Detailni popis metody v Borsky et al.

2012 a Borsky 2014.

™
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Obr 1. Schéma operacniho postupu: A) dle Tennisona modifikovaného pro jednostranny rozstép rtu; B)
dle Veau modifikovany pro oboustranny rozstép rtu.

1- stav t€sné€ pied operaci; 2 a 3- preparace: VL-slizni¢ni lalicek/ky k prohloubeni vestibula, NL-slizni¢ni
lalicek/ky k prohloubeni boku a spodiny nosni; 4- stav po operaci (pievzato a upraveno dle (Borsky,
2014).
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Palatoplastika

Druhd operace, kterou pacienti skompletni rozstépovou vadou podstupuji, je
rekonstrukce patra. Palatoplastika béhem let doznala také zna¢ného vyvoje, zejména co
se nacasovani tyce, nicmén¢ vliv operace patra na rust obli¢eje neni cilem této prace,
proto detailn€j$i popis nebyl do disertace zatazen. Dle fady studii navic nema
palatoplastika na vyvoj obliceje zdaleka tak zasadni vliv, jako cheiloplastika (Hagerty
and Hill, 1963; Kremenak, 1967; Bardach and Eisbach, 1977; Eisbach et al., 1978;
Bardach, 1990; Capelozza et al., 1996). Ross (1987) nepozoruje podstatné rozdily
v rastu horni Celisti u pater operovanych riznymi technikami béhem prvnich deseti let
zivota, prestoze v palatoplastice vidi pfi¢inu redukce ristu maxily. Ve studii zabyvajici
se vlivem sekundarni spongioplastiky (Caganova et al., 2014), byla patra vSech pacientt
operovana v pruméru ve 4 letech metodou dvou lalokti, retropozice a faryngofixace
(Kuderova et al., 1996). Studie, zabyvajici se vlivem neonatalni cheiloplastiky
(Dadakova et al., 2016; Moslerova et al., 2018), hodnoti soubor pacientl, kteti
podstoupili palatoplastiku metodou dle Furlowa v primémém véku 10 mésict (Borsky,

2014).

Sekundarni spongioplastika

Hledéni idealniho feSeni defektu alveolu trvalo zna¢nou dobu a proslo do soucasnosti
fadou vyznamnych zmén. Primdrni osteoplastika (PO) neboli primérni $t€povani, které
se provadélo soubézné se suturou rtu nebo pozdéji, zpravidla ve veéku mezi
1. a 3. rokem, mélo za cil nahradit chyb¢jici kost a tak zabranit poopera¢ni kompresi
a kolapsu maxily (DuSkova et al., 2007). Pfedstava, ze Casna osteoplastika pfeméni
defektni tkan ve viceméné zdravou cCelist, se bohuzel nenaplnila, a vysledkem byla
dlouhodobd inhibice rGstu maxily z divodu pfilis§ ¢asného zasahu do rastovych zén
(Bergland et al., 1986a; Duskova et al., 2007). Disledkem vyznamné naruSen¢ho
maxildrniho rastu je pseudoprognacie a zktizeny skus, jez se zvyraznuji s vékem.
U dospélych jedinct je popisovan vyrazné konkavni profil. Stép b&hem vyvoje pacienta
neroste a zuby jim spontdnné neprofezavaji. Po provedenych studiich autofi
doporucovali od metody upustit (Pickrell et al., 1968; Friedel and Johanson, 1974;
Robertson and Jolleys, 1983). Primarni periosteoplastika (PP), ktera méla nahradit PO,
spociva v premosténi rozstépu elastickym periostalnim lali¢kem. Laliicek propojuje

poskozenou celist nejdiive elasticky, pozdéji osifikuje v kosténou lamelu, ¢imz se mélo
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lépe a rychleji docilit vyrovnani piedniho intermaxilarniho segmentu a segmentt
lateralnich, nez tomu bylo v pfipadé primarni osteoplastiky (Kuderova et al., 1996).
Periosteoplastika se provadéla nejCastéji spolecné s cheiloplastikou, ale zakrok byval
posunut 1 do vyssiho véku (2-10 let) (Kuijpers-Jagtman and Long, 2000). Autofi
uvadéji lepsi vysledky v porovnani s PO (Hellquist and Skoog, 1976; Smahel and
Mullerova, 1988), ale ani tato metoda celkové nenaplnila ocekdvani odbornikl
(Bergland et al., 1986b; Amanat and Langdon, 1991). Pon¢kud lepsi vysledky pfinesla
metoda opozdéné PP, kdy autofi uvadéji osifikaci v 80% ptipadit (Hellquist et al.,
1983). Jabbari et al. (2017) nepopisuje signifikantni rozdil v délce maxily u pacientt
s PP a SS v 18 letech, nicméné prechodny signifikantni rozdil byl sledovan v niz§im
veku (5 a 10 let). Prestoze se zda, ze PP z dlouhodobého hlediska vyrazné neredukuje
rust horni Celisti (Jabbari et al., 2017), jeji efekt ve smyslu rekonstrukce alveolarniho
hiebene je mizivy a velka ¢ast pacienti musi v pozdéjsim véku podstoupit SS (Matic
and Power, 2008; Jabbari et al., 2017).

Vzhledem k neuspokojivym vysledkim vySe uvedenych technik, byla
k ptekondni obtizi spojenych s postizenim alveolu zavedena metoda sekundarniho
Stépovani, tzv. sekundarni spongioplastika (Amanat and Langdon, 1991). Sekundérni
spongioplastika (SS) byla poprvé predstavena autory Boyne & Sands (1972) a vyrazné
propagovéana kolektivem dr. Abyholma (Abyholm et al, 1981 cit. podle Amanat
& Langdon 1991). V soucasné dobé je SS povazovdna za spolehlivou standardné
vyuzivanou metodu k feSeni defektu alveolu, jejiz findlni vysledky jsou velice dobie
predvidateln¢, (Kawakami et al., 2004; Feichtinger et al., 2008). Podstatou SS je
stabilizovat maxilarni segmenty a obnovit integritu alveoldrniho hiebene, usnadnit
finalni protetické zakroky zlepSenim vztahu vestibularnich mékkych tkani, uzaviit
oronazalni pistcle, predejit obstrukcim dychacich cest a zejména pak umoznit erupci
zubll mistem roz$tépového defektu spolu s umoznénim pohybu zublim sousedicim
s okrajem defektu tak, aby bylo dosazeno spravné polohy v rdmci zubniho oblouku bez
potieby protetickych néhrad. Dal$im benefitem je zisk skeletalni podpory nosni baze
artu a tim dosazeni vyS$S$i symetrie oronazalni oblasti (Amanat & Langdon 1991;
Bergland et al. 1986; Devlin et al. 2007; Kawakami et al. 2003; Kawakami et al. 2004;
Semb 1988). Samotny zdkrok spociva ve vyplnéni defektu horni celisti drobnymi
spongioznimi §té€py, které jsou nejCastéji odebirdny z lopaty kosti kycelni (Bergland
et al., 1986a; Coots, 2012), odkud se da snadno odebrat velké mnozstvi spongidzni kosti

(Bergland et al., 1986a). SS se provadi v obdobi vymény dentice mezi 6 - 12 rokem,
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nejcastéji pak mezi 9 a 11 rokem pied profezanim trvalého Spi¢dku (Witsenburg, 1985;
Bergland et al., 1986a; Semb, 1988; Amanat and Langdon, 1991; Newlands, 2000;
Dempf et al., 2002; Kawakami et al., 2003; Duskova et al., 2007; Feichtinger et al.,
2008). Autoii uvadéji, ze pokud se SS provede pted erupci stalého Spicéku, je dosazeno
lepsi stability Stépu oproti piipadim, kdy je zakrok proveden az po profezani Spicaku
(Bergland et al., 1986a; Newlands, 2000; Dempf et al., 2002). Nejsou také pozorovany
rozdily v pfijeti §tépu mezi UCLP a BCLP pacienty (Bergland et al., 1986a). Rada studii
udava uspéSnost metody SS hodnocené podle "Oslo Grading System" mezi 80-90%.
Napriklad Bergland et al. (1986) u zakroku provedeného pied erupci Spicdku udava
u vysky interdentalniho septa dosazeni kategorie I v 64% a kategorie II ve 32%.
Uzavfteni Stérbiny je dosazeno asi v 90% ptipadi. Newlands (2000) uvadi spontanni
profezani Spi¢akl v 64 z 94 piipadl a dosazeni kategorie I ¢i II celkové v 91% piipadu.
I dalsi prace udavaji podobné vysoké miry uspéSnosti (Abyholm et al., 1981; Dempf
et al., 2002)(Dayashankara Rao et al., 2012). Paterson et al. (2016) porovnavaji dva
soubory jedincii operovanych SS na stejném pracovisti v ¢asovém odstupu nékolika let
(prvni skupina 2000-04 druhé skupina 2007-10) a popisuji vyrazné zlepSeni na stupnici
»Kindelan bone-fill indexu* u druhé skupiny pacientl. Na zéklad¢ téchto vysledkl
potvrzuji vyznamny posun pracoviSté v UspéSnosti provedeni zakroku béhem let.
Feichtinger et al. (2008) jsou vice skeptiCti, co se predchozich dosazenych vysledki
tyCe. Principem hodnoceni na 2D Rtg snimcich je korelace mezi vySkou kosti
a celkovou hodnotou resorpce, pficemz autofi poukazuji na ¢etné limitace metody, jako
je zvétSeni a zkresleni, prekryti ptilehlych struktur, omezeny pocet identifikovatelnych
orientacnich bodil a obtize pii jejich umisténi. Jejich vysledky hodnocenim pomoci CT
snimk ukazuji resorpci kosti v prvnim roce po SS na 49% plvodni kosti, po druhém
roce na 48%. Van Der Meijj et al. (2001) popisuje 30% ubytek kosti v odstupu jednoho
roku u UCLP pacientti, u BCLP jedinct je resorpce kosti jesté daleko vyssi a dosahuje
hodnot 55%. Vyrazné vétsi ubytek kosti, nez popisovaly konvencni 2D metody, byl
nalezen také ve studii (Reddy et al., 2015).

Recentni studie Jabarri et al. (2018) vSak podstatné¢ zmiriiuje predchozi kritiku
hodnoceni metodou telerentgenografie. Ve své praci autofi hodnoti v 10ti- a 20tiletém
odstupu resorbci kostniho $tépu u UCLP pacientli a soucasné stim, u jedincii po
20 letech potizuji spole¢né s kontrolnim Rtg snimkem CBCT snimek (cone beam
computed tomography). Prvnim zjisténim je fakt, ze béhem druhé dekady dochazi

k dalsi resorpci pfiblizn¢ u poloviny pacientli. Pomoci CBCT vS8ak autofi nepocitaji
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objem Stépu, ale hodnoti vysku septa na zakladé¢ Berglandova skérovaciho systému
(Bergland et al., 1986a). Prvnim diivodem je vyznamné setfeni hranic mezi $t€pem
a okolni kosti po 20 letech, druhym absence udajii z CT o objemu $té€pu po prvnich
10 letech a tietim snaha porovnat obé metody na zéklad¢ stejného metodologického
piistupu. Z jejich studie vychéazi fada hodnotnych zavéra. Vysledky hodnoceni na skale
podle Berglanda pomoci Rtg a CBCT jsou v naprosté shodé€. Autofi naznacuji, ze
hodnoceni na zakladé¢ Rtg snimkii je k hodnoceni resorpce S§tépu vhodné a dostacujici
ama ve srovnani s CT snimkovanim jist¢ vyhody (dostupnost, niz§i ndklady, nizsi
davka zéfeni). Dalsi vysledky ukazuji, Ze pacienti s kompletnim rozs§tépem jsou vice
ohroZeni periodontitidou, pfi¢emz pacienti lé¢eni fixnimi nebo snimatelnymi aparatky
maji vyssi riziko progrese tohoto onemocnéni. Z longitudnalniho sledovani vyplyva, ze
zvysena resorpce Stépu pozitivné souvisi se stavem zanctu (Jabbari et al., 2015, 2018).

Z vyse uvedeného souhrnu vyplyva, ze posuzovani vlivu jednotlivych
operacnich metod na kraniofacidlni vyvoj ma své hluboké opodstatnéni a v ramci
zkvalithovani péce o pacienta, ve snaze co nejvice zmirnit nasledky vrozené vady, je

stale nedocenéné.
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2 Cile prace

Zakladnim tématem vyzkumu bylo sledovat obli¢ej pacienta s rozstépem z riznych thlt
pohledu v navaznosti na dva terapeutické piistupy. Hlavnimi cili bylo 1) popsat rist
patra béhem prvnich deseti mésicti zivota UCLP pacienti, objasnit, zda ma neonatalni
cheiloplastika béhem sledovaného obdobi negativni vliv na riist maxily a vyhodnotit,
jakym zptisobem je rlst patra ovlivnén v souvislosti s typem a zavaznosti vady;
2) popsat odchylky v morfologii mékkych tkani a asymetrie obliceje u déti predskolniho
véku s rizné zavaznou rozstépovou vadou v porovnani s normou, sledovat piipadné
vyvojové trendy a ziskat informace o vlivu NCH na riist a vyvoj obliceje; 3) popsat vliv
sekundarni spongioplastiky na vyvoj obli¢eje u dospivajicich chlapcti v odstupu 5 let po
implantaci $tépu v porovndni s efektem predchoziho opera¢niho protokolu zahrnujiciho
metodu primarni periosteoplastiky.

Posledni cil disertace se tykal tématu zdravych kontrolnich jedinct, jez jsou
obecn¢ nepostradatelnou soucasti klinickych studii zaloZenych na popisu odchylek
patologie od normy. Stanovili jsme si zmapovat kritickou periodu pubertalniho obdobi,
pricemz dil¢imi cili bylo zhodnotit variabilitu tvaru a formy obliceje chlapcti a divek
ve véku od 12 do 15 let, identifikovat sexualné¢ dimorfni znaky a popsat rozdily mezi

jednotlivymi vékovymi kategoriemi.
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3 Souhrn predkladanych publikaci

3.1 Vliv neonatilni cheiloplastiky na vyvej patra u pacienti s

orofacialnimi rozstépy

Efektu NCH na rast horni Celisti v prvnich deseti mésicich Zivota, mezi cheiloplastikou
a palatoplastikou, jsme se vénovali ve dvou studiich (Hoffmannova et al., 2016;
Hoffmannova et al., 2018). V tomto obdobi nedochazi k ovlivnéni zadnym jinym
chirurgickym zakrokem a rlst patra a jeho zmény jsou pouze v disledku kombinace
NCH a rozstépové vady jako takové. Obé¢ prace byly zaloZzeny na hodnoceni 3D modeld
sddrovych odlitkii patra metodami klasické a geometrické morfometrie. Kazdému
pacientovi byly sejmuty otisky dvakrat, poprvé pfed NCH a nésledné v odstupu
piiblizné 10 mésicu pied palatoplastikou. Sadrové odlitky pater byly skenovany pomoci
skeneru Breuckmann SmartScan scanner (Aicon 3D Systems GmbH, Braunschweig,
Germany). Pro veskeré upravy modeli byl vyuzivan RapidForm XOS software (INUS
Technology Inc., Seoul, South Korea), nésledné statistické analyzy byly provedeny
a vystupy ziskdny za vyuziti softwaru Morphome3cs (cgg.mff.cuni.cz/trac/morpho).
Zakladem bylo piesné naneseni 11 landmarkii reprezentujicich charakteristické
struktury novorozeneckého a kojeneckého patra (modifikovano dle Huang et al. 2002).
V praci Hoffmannova et al. (2016) jsme si jako dil¢i cile stanovili: 1) detailné
popsat morfologii horni celisti 33 UCLP jedinci, 2) postihnout zmény osmi dulezitych
parametra popisujicich patro a 3) jejich vyvojovy trend porovnat s publikovanymi daty
kontrolnich jedinct (K*; Kramer et al., (1994)) a jedincii operovanych pozdni
cheiloplastikou v primérném veéku 6 mésici (PCH*; Mishima et al., (2001)).
Ptedpokladali jsme, ze NCH ma formativni u¢inek na dentoalveolarni oblouk postizené
horni Celisti, ale nelimituje rast jednotlivych segment v anteriornim sméru. DalSim
ptedpokladem bylo, Ze vysledny ristovy trend parametrG horni Celisti bude u NCH
pacientl srovnatelny nebo ptiznivéj$i nez u PCH* jedincii. Béhem studovaného obdobi
doslo u naSich NCH pacientti k signifikantnim zménam vSech méfenych rozméra,
s vyjimkou vzdalenosti mezi budoucimi $picaky (anteriorni dentoalveolarni Sirky), ktera
zustala beze zmény. Rozméry popisujici Sitku rozStépové Stérbiny a uhel s tim
souvisejici, se nasledkem sutury rtu béhem sledovaného obdobi podle ocekavani

zmenSily. Ostatni parametry tykajici se posteriorni ¢asti horni Celisti zahrnujici Sitku
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dentoalveolarniho oblouku, délku obou molarnich segmentt a celkovou délku patra, se
naopak signifikantné zvétsily.

Zmény ve variabilit¢ povrchu patra byly hodnoceny metodami geometrické
morfometrie, konkrétné PCA analyzou. Variabilita souboru se béhem sledovaného
obdobi zmensila, z ¢ehoz vyplyva, Ze rlist horni Celisti u neonatalné operovanych déti
prochdzel stejnymi zménami a sledoval podobny ristovy trend. Za pouziti CPD-DCA
analyzy (Dupej et al. (2014)) jsme modelovali riist obou patrovych segmentt. Zjistili
jsme, zZe rust segmentti probihal na anteriornich i1 posteriornich koncich, coz se shoduje
s vysledky Huang et al. (2002), a naznacuje, Ze ¢asna ani pozdni operativa nelimituje
posteriorni rist segmentt horni Celisti. Na rozdil od nasich vysledkt doklada fada praci
vyrazné redukovany anteriorni rist u svych souborti (Kramer et al., 1992, 1994; Honda
et al., 1995; Braumann et al., 2003) a popisované zmenseni rozstépové Stérbiny je velmi
pravdépodobné v disledku tlaku operovaného rtu (Akin et al., 1991; Kramer et al.,
1994; Mishima et al., 2001; Huang et al., 2002). Naopak u naseho NCH souboru je
zuzeni rozStépoveé Stérbiny zplisobeno kombinaci modela¢niho efektu cheiloplastiky
soucasn¢ s rustem lokalizovanym na piednich koncich obou segmentii horni celisti.
Vzhledem k tomu, Ze se nesniZuje parametr anteriorni dentoalveolarni $ifky, zmensSeni

Z porovnani naSich jedinct s K* a PCH* soubory vyplynuly nasledujici poznatky.
Posteriorni Sitka dentoalveolarniho oblouku mezi tubery a vzdalenost mezi Spicaky byla
v porovnani s K* nalezena vyss$i u obou operacnich ptistupti (NCH i PCH*) a obecné
byla popisovéana vétsi v fadé studii u pozdné operovanych jedinct (Huddart et al., 1969;
Wada and Miyazaki, 1975; Kramer et al., 1992, 1994; Mello et al., 2013). V porovnani
s K* byla pfitomna také nizSi pocatecni délka patra u NCH 1 PCH*, coz ve svych
pracich uvadi také Kramer et al. (1994) a Kramer et al. (1996). Sakoda et al. (2017)
uvadi zkraceni predni délky patra (vzdalenost linie pfedni Sitky oblouku a bodu I-
landmark mezi budoucimi fezdky) uUCLP jedinci mezi cheiloplastikou
a palatoplastikou, jako disledku modelacniho efektu sutury rtu v souvislosti se
sklopenim nepostizeného segmentu smérem k postizenému. Celkova délka patra
nicméné v tomto obdobi narlsta. V Case palatoplastiky je pfedni i celkovéa délka patra
UCLP jedincii srovnatelnd s hodnotami u pacientl s izolovanym rozstépem patra. Oba
tyto parametry v nésledujicim roce po palatoplastice nartstaji a ve dvou letech véku
nejsou mezi UCLP a CP vyrazné rozdily. Rust patra do délky ma tedy u obou typt vady

stejny trend a nezdd se byt ovlivnén suturou rtu. Parametr posteriorni Sitky
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dentoalveolarniho oblouku se u naSeho NCH souboru s casem signifikantné zvétsuje,
coz je obecné¢ popisovano u PCH souborti i zdravych jedincti (Wada and Miyazaki,
1975; Kramer et al., 1992, 1994; Honda et al., 1995; Huang et al., 2002; Sakoda et al.,
2017), nicméné v nami porovnavaném PCH* souboru tento parametr v obdobi po
cheiloplastice klesa. Jednim znejvyznamnégjSich zjisténi je informace o rozméru
anteriorni dentoalveolarni S$ifky, jejiz hodnota zlstava b&hem sledovaného obdobi
nezménéna. Dle dostupné literatury dochédzi k narGstu tohoto parametru pouze
u zdravych jedincii (Kramer et al. 1994), pticemz Wada & Miyazaki (1975) popisuji
dokonce nesignifikantni snizeni tohoto rozméru. Stejné jako u nadmi porovnavaného
souboru PCH* je u PCH jedincii v obdobi nasledujicim po sutufe rtu uvadéno
signifikantni snizeni anteriorni dentoalveolarni Sitky (Huddart et al., 1969; Wada and
Miyazaki, 1975; Kramer et al., 1994; Honda et al., 1995; Huang et al., 2002; Braumann
et al., 2003; Sakoda et al., 2017). Toto rastové selhani je patrné i u souboru Sakoda
etal. (2017) a naznacuje, ze operace rtu ovliviluje zejména anteriorni dentoalveoldrni
Sitku, nikoli celkovou délku patra. Anteriorni dentoalveolarni Sitka je tedy zasadnim
parametrem urcujicim uspéSnost operativy. Vzhledem k tomu, ze u naSich jedinct ke
snizeni tohoto parametru nedochdzi, riistovy trend anteriorni dentoalveolarni Sitky ma
charakter blizici se norm¢.

V navazujici studii Hoffmannova et al. (2018) jsme si stanovili za cil: 1) popsat
jakym zpusobem typ a zavaznost rozS$tépové vady ovliviiuji rast horni cCelisti, 2)
porovnat ristové trendy naSich pacientii s publikovanymi daty kontrol (K*) a PCH*
souboru, ptfevzatych zprace Kramer et al. (1994). Tato studie byla zalozena na
hodnoceni dvou typti rozstépu: kompletniho jednostranného rozstépu rtu, celisti a patra
(cUCLP; n=36) a jednostranného rozstépu rtu, celisti a patra s mostem (UCLP-+b;
n=20). Predpokladali jsme, ze s velikosti vady bude nartstat vliv cheiloplastiky na
utvafeni dentoalveolarniho oblouku. Dal$im pfedpokladem bylo, Ze rist horni celisti
jedinct s mostem bude méné zasazen. Pomoci PCA analyzy jsme porovnali variabilitu
soubort, pficemz variabilita zavaznéji postizenych jedinci cUCLP souboru byla po
narozeni vyrazné vétsi, nez variabilita UCLP+b. Tento rozdil nejvice vysvétluje PCI,
kterd je zodpovédna zejména za zavaznost rozstépové vady (velikost rozstépu). Béhem
prvnich deseti mésicii zivota variabilita cUCLP vyznamné klesla a v obdobi pied
palatoplastikou se vyznamné piekryvala a byla srovnatelnd s variabilitou UCLP+b.
Pomoci dvoufaktorové ANOVy jsme také hodnotili vliv typu vady, jeji zavaznosti

(mirnd, stfedni, té¢zkd) a jejich vzdjemné interakce na rlst horni celisti béhem prvniho
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roku zivota. Zjistili jsme, Ze ob¢ charakteristiky i jejich interakce mély vliv na miru
redukce rozstépové Stérbiny a anteriorniho bazdlniho uhlu, stejné tak jako na nartst
posteriorni Sitky dentoalveoldrniho oblouku. Tato zjisténi byla v souladu s vysledky
Kramer et al. (1992). Typ 1 zavaznost vady také ovliviluyji anteriorni Sifku
dentoalveolarniho oblouku, na ostatni hodnocené parametry vliv nemaji. U naseho
souboru nebyla nalezena signifikantni korelace mezi velikosti defektu a délkou patra.
To je velmi dulezity poznatek, protoze pravé negativni efekt zdvaznosti vady byl v fade
studii uvadén jako jeden z faktort hrajicich roli pfi redukei riistu horni Celisti (Mazaheri
et al.,, 1993; Peltomiki et al., 2001; Liao et al., 2010). Pokud jsme porovnali cUCLP
a UCLP+b ve smyslu zmény parametr ve sledovaném obdobi, signifikantni rozdily se
manifestovaly v anteriornich oblastech segmenti, jako je Sitka defektu a anteriorni
bazalni uhel. Ty vyraznéji klesaly u cUCLP. Naopak vétSi nartist posteriorni Sirky
oblouku byl pozorovan u UCLP+b, coz je v souladu s vysledky uvedenymi vyse.
Ristové trendy anteriorni a posteriorni Sifky dentoalveolarniho oblouku a délky patra
byly porovnany s rastovymi trendy PCH* a K*. Z vysledki tohoto deskriptivniho
porovnani vyplynulo, ze ristové trendy u parametrt posteriorni Sifky oblouku a celkové
délky patra u jednotlivych typt vady vykazovaly vyraznou podobnost s ristovymi
trendy 2 sledovanych skupin PCH* aobecné také s K* (Kramer et al., 1994).
Parametrem, u kterého se rastové trendy liSily, byla anteriorni Sifka oblouku. Ta
u nasich pacientti ztstala beze zmény (cUCLP) nebo se s vékem zvysila (UCLP+b).
Zvyseni tohoto parametru bylo popsano také u K*, zatimco u PCH* doslo k jeho
snizeni. Tyto poznatky pomohly doplnit celkovy obraz o rlstu horni elisti z predchozi
studie. Zaroveinl byla potvrzena absence zizeni piedni dentoalveolarni Sitky nasledkem
NCH u obou typt vady. Moznym vysvétlenim muze byt odlisna technika feSeni defektu
rtu modifikovana dle pivodni metody podle Tennisona. Modifikace piinasi vice
materidlu do oblasti sutury a snizuje tak tlak rtu po zakroku (Borsky et al., 2012).
U PCH pacienti byla popsana redukce tohoto parametru, coz nasvédCuje vyrazné
vysSimu laterdlnimu tlaku na maxilarni segmenty (Wada and Miyazaki, 1975; Kramer
et al., 1994; Honda et al., 1995; Huang et al., 2002; Sakoda et al., 2017). Z vysledki 3D
modelovani ristu vyplynulo, ze v anteriornich oblastech probihal rst u obou skupin
shodné. Posteriorni ¢asti obou segmentl rostly ponckud vyrazngji u UCLP+b
v porovnani s cUCLP jedinci. Rist v anteriornich oblastech byl potvrzen také piimou
2D morfometrii, spole¢né€ s uzavirdnim rozstépové stérbiny a zmensovanim anteriorniho

bazalniho whlu. Celkové mtZzeme shrnout, Ze neonatilni cheiloplastika v ptipadé
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kompletnich i nekompletnich jednostrannych vad neméla v prvnim roce Zzivota
reduktivni efekt na rist horni Celisti. Byl zde pfitomen modela¢ni efekt na alveolarni
oblouk a vzajemné pfiblizeni anteriornich okraji obou segmentli, aniz by se predcasné
(cUCLP). Navic nebylo nalezeno zizeni v anteriorni oblasti dentoalveolarniho oblouku,
coz je klasicky néalez u UCLP pacientli po operaci rtu. U pacientll s mostem se tento
parametr naopak zvysuje. Oba segmenty rostly v anteriornich i posteriornich oblastech,
nebylo nalezeno zkraceni délky patra nasledkem NCH a rast horni cCelisti celkoveé

vykazoval trendy podobné K*.

3.2 Vliv neonatalni cheiloplastiky na vyvoj obli¢eje a rozvoj asymetrie

u pacienti s orofacidlnimi rozstépy

V ramci této c¢asti naSeho projektu jsme se ve studiich Daddkova et al. (2016)
a Moslerova et al. (2018) soustiedili na sledovani vyvoje obli¢eje a manifestaci
oblicejové asymetrie predskolnich déti operovanych neonatilni cheiloplastikou.
Podkladem studii byly 3D modely obli¢eje déti dvou vekovych kategorii (3 a 4,5 roku)
s razné zavaznym typem rozStépové vady (UCL, UCLP, BCLP) a kontrolni soubor
sestavajici ze zdravych jedinci (Zaci matefskych Skol). Data byla hodnocena
pokrocilymi metodami geometrické morfometrie. Oblicejové skeny byly pofizeny
facialnimi skenery Vectra 3D (Canfield Scientific Inc., Fairfield, NJ, USA) a 3dMDface
System (3dMD Limited, Brentford, London, UK). VesSkeré statistické zpracovani
aanalyzy byly provedeny za pomoci softwaru Morphome3cs. Vysledné tvarové
odchylky a pfitomna asymetrie byly vizualizovany pomoci barevnych map a map
signifikance.

Cilem studie Dadakova et al. (2016) bylo posoudit vyvoj hlavnich odchylek
morfologie obli¢eje u souboru 72 pacientll ptredSkolniho véku v porovnani s vékove
odpovidajici normou (n=60) a popsat ptipadny vyvojovy trend tdchto abnormit. Uvodni
statistické testovani Hottelingovym T2 testem na PC skdre naSich jedinct potvrdilo, Ze
mezi vékovymi kategoriemi nejsou v celkovém primérném tvaru obli¢eje v ramci
jednotlivych typa vady signifikantni rozdily. Nicméné pro detailni zachyceni
piipadnych drobnych zmén béhem rustu byly vizualizovany obé vékové kategorie.
Vsechny sledované skupiny orofacidlnich rozstépt se signifikantné liSily od normy,

dokonce i v piipadé¢ nejméné zadvazné vady (UCL). Signifikantni rozdily morfologie
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obliceje mezi veékovymi kategoriemi, které jsme zachytili na zaklad¢é barevnych map, se
vyskytuji zejména v oblasti Cela (kontroly, UCL, BCLP), v odlehlych lateralnich
oblastech tvari (UCL) a nevyznamné¢ v oblasti brady (UCLP, BCLP). V oblastech ptfimo
se vztahujicich k rozStépové vadé, jako je nos, filtrum ¢i oblast retni Cervené, se
signifikantni zmény neodehrdly. Celkov€é odpovidaly nalezené hlavni odchylky
v morfologii obliceje standardné¢ popisovanym odchylkdm rozstépovych pacient
(Smahel and Brejcha, 1983; Capelozza et al., 1996; Ferrario et al., 2003). U obou
skupin CLP pacientli (jedno/oboustranny rozstép rtu, Celisti a patra) bylo patrné mirné
ubihajici ¢elo. Redukéni efekt chirurgickych intervenci u CLP pacientli, manifestovany
mimo oblast samotnych zakrokli az do oblasti ¢ela, popisuje ve své praci Duffy et al.
(2000). Ubihajici frontalni oblast byla nalezena také u pacienti ve studii Djordjevic
et al. (2014). Nosni kofen byl oproti normé u UCL a UCLP jedincti mén¢ konkévni, coz
se lehce zduraznilo s v€kem. Nosni hrot u UCLP souboru byl pouze v lehké retruzi.
U BCLP jedincti byl hibet nosu §irsi a od kofene vyraznéji oplostély, odchylka byla
vyznamna v obou vékovych kategoriich a v porovnani s jednostrannymi vadami se zde
manifestovala mnohem vyraznéji. Niz§i konkavita nosniho kofene spolecné¢ s dalSimi
odchylkami obecné piispiva k typickému oplosténi profilu rozstépovych pacientli. Mira
oplosténi obliceje pak zéavisi na vzajemné kombinaci tvaru nosu, retruze maxily
a protruze mandibuly (Capelozza et al., 1996; Ferrario et al., 2003). U UCL jedinctu
jsme detekovali ponckud Sirsi a plossi nosni kiidlo postizené strany. Tato odchylka byla
nalezena 1 u UCLP pacientti. BCLP jedinci vykazovali rozsifeni a oplosténi nosnich
ktidel bilateralné, coz je v souladu s nalezy studie Bugaighis et al. (2014b). Deformity
nosu jsou obecné povazovany za zasadni problém terapeutické a estetické 1écby
pacientll s rozstépem (Duffy et al., 2000; Ayoub et al., 2003; Bugaighis et al., 2010,
2014c). Deviace kolumely smérem k nepostizené¢ stran¢ v disledku preruSeni
m. orbicularis oris a nemoznost obnovit absenci medialnich uponti obli¢ejovych svali
béhem primarnich operaci zfejmé piispivd k rozvoji vySe popisovanych odchylek
(Zreagat et al., 2012). U UCL jedinct byla patrna prominence tkan¢ v oblasti
pooperacni jizvy. U UCLP jedincti byla oblast jizvy na stejné urovni jako u kontrol, coz
bylo zptisobeno retruzi okolni tkang, kterd zasahuje i lateralné oblast tvaii a svéd¢i pro
zkraceni horni Celisti. Maxilarni retruzi popsali u PCH jedinct také Bugaighis et al.
(2010) a Djordjevic et al. (2014). Oblast premaxily BCLP jedincii byla spolec¢né
s dolnim rtem ve vyrazné protruzi. Nicméné stejné jako u UCLP jedinct byla patrna

retruze v oblasti tvaii popsand ve studii Duffy et al. (2000). Tato odchylka se lehce
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zvyraziiovala s v€kem. Oblast maxily je obecné u pacientl s roz§tépem povazovana za
vrozené¢ho predsunuti premaxily vyjaddieny zavaznéji nez u jednostrannych vad (Honda
et al., 1995; Capelozza et al., 1996; Diah et al., 2007). Mensi konvexita byla nalezena
také u kontury mékkého profilu dolni celisti UCL jedinct. Tato odchylka byla
vyrazné€j$i v mladSim véku. Naopak celkové prominujici brada byla popsana u starSich
UCLP a BCLP jedinct, coz zapada do celkového obrazu vyvoje dolni Celisti u CLP
pacientli (Smahel and Brejcha, 1983). Nejméné postizeni a norm¢ nejvice podobni
jedinci byli ve skupiné UCL pacientli. Naopak nejvyraznéji se odchylky od normy
odchylkou maxilarni oblasti prominence v misté jizvy, retruze lateralnich partii zde
nebyla pifitomna. Toto zjiSténi naznacuje, ze na rist zdravé maxily nemé ¢asnd sutura
rtu béhem sledovaného obdobi inhibi¢ni vliv. Odchylky morfologie obliceje
u jednotlivych skupin jsou v rdmci typickych odchylek rozstépovych pacientt, pticemz
v ptredskolnim obdobi nenachazime jejich signifikantni progresi s vékem. Vzhledem
k vySe uvedenym zavérim a celkovému vyvoji obli¢eje pacienti se NCH zda jako
adekvatni metoda chirurgického feSeni rozStépu rtu.

Prace Moslerova et al. (2018) m¢la v ramci studia obliceje rozStépovych pacientd
za cil zhodnotit pfitomnost asymetrie a posoudit, zda je s vékem patrné jeji progrese.
Hodnoceni asymetrie kontrolniho souboru pak mélo detekovat vyskyt moznych paralel
s rozs§tépovymi skupinami. Materidlem byl rozsiteny soubor pfedchozich jedinct (96
pacientll s rozStépem; 78 zdravych kontrol). Hottelingovym testem jsme vyloucili
signifikantni rozdily mezi vékovymi kategoriemi. Vyznamné se vSak vSechny skupiny
rozStépli svou asymetrii liSily od normy. Oproti hodnoceni tvarovych odchylek, byli
z pohledu asymetrie vice postizeni jedinci s jednostrannou vadou, nez jedinci postizeni
oboustranné. Tento poznatek je ve shodé¢ s vysledky prace Bugaighis et al. (2010)
a Bugaighis et al. (2014a) a naznacuje, ze zde neplati pozitivni korelace mezi zdvaznosti
vady a mirou asymetrie. Jednostranny charakter vady ma oproti oboustrannym vadam
vysS§i vliv na rozvoj asymetrie. Pro detailni vizualizaci odchylek od symetrie
v jednotlivych oblastech obli¢eje jsme opét vyuzili barevnych map. U vsech skupin
pacientll jsme nalezli asymetrii Cela, kterd patrné nesouvisela s rozstépovou vadou.
Zakladem tohoto ptedpokladu byla pfitomnost pozitivnich odchylek od perfektni
symetrie shodn¢ na pravé stran¢ u pravo- i levostrannych rozstépli a soucasné také

unormy. Asymetrie Cela vznikla nejspiSe jako nasledek posturdlni plagiocefalie
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v kojeneckém véku, kterd vede k protruzi Cela na stran¢ okcipitalniho oplosténi (Slovis
et al., 2013). Incidence plagiocefalie dosahuje az k 50% (Mawji et al., 2013), s vyssi
prevalenci na pravé stran¢ (Bridges et al., 2002; Mawji et al., 2013). Nejvyssi stupen
asymetrie byl nalezen v oblasti horniho obliceje. U UCL jedincii byla asymetrie
vyjadiena zejména v nasolabidlni oblasti, s pozitivnimi odchylkami od symetrie
v oblasti filtra a ¢ervené horniho rtu, jako disledek samotné vady a protruze jizvy.
Ptilehlé nosni kiidlo vykazovalo asymetrii v negativnich hodnotach. U UCLP jedinct
bylo nalezeno totoZzné schéma asymetrie nasolabidlni oblasti jako u UCL jedincti, navic
jsme vSak detekovali signifikantni asymetrii zasahujici lateraln€ do bukalni oblasti,
kterd se mirng zvyrazinovala s vékem. Asymetrie nosu u jednostrannych vad vznika
v disledku kombinace asymetrie skeletalniho podkladu a diastdzy souvisejicich svala
(Fisher and Sommerlad, 2011). Deviace septa v disledku tahu m.orbicularis oris
(Latham, 1969) a dysplasticka laterdlni nazalni chrupavka (Byrd et al., 2007) vedou
k asymetrii nosniho hrotu a mén¢ prominujici nostrile s SirSim nosnim vchodem na
postizené stran¢. U oboustrannych vad byla asymetrie zjiSténa v lateralnich partiich
hibetu nosu a nosnich kiidel, s pozitivnimi hodnotami vlevo, ktera odtud pokracovala
inferiorné¢ do oblasti filtra a ptilehlych partii. U starSi vékové kategorie zasahovala
asymetrie jeSt¢ vice laterdlné do oblasti tvafi. Prestoze by mélo septum v piipade
oboustranného postizeni zustat v medidlni rovin€, méné postizend strana vyviji vetsi
tlak na kaudalni septum a odchyluje ho k této stran¢ (Kaufman et al., 2012). Oproti
jednostrannym vadam vykazovali BCLP jedinci pouze mirnou asymetrii nosu.
Asymetrie filtra a retni Cervené je u rozstépovych pacientli dal$i Castou deformitou.
Prestoze je uvadén velmi uspokojivy vzhled nasolabidlni oblasti u pacienti
operovanych NCH (Mcheik and Levard, 2006; Mcheik et al., 2006; Borsky et al., 2007;
Borsky et al., 2012), pooperacni hypertrofie jizvy je typickou komplikaci rozstépu rtu
(Soltani et al., 2012). Borsky et al. (2012) ve své praci uvadi, ze symetrie kontury
horniho rtu bylo u souboru NCH pacienti dosazeno v 68 %. Hodnoceni symetrie
v pfedozadnim sméru 3D metodami nicméné potvrdilo pfitomnost asymetrie u vSech
skupin pacientll. Piesto, ze se jedna o oboustranny defekt, shodné s jednostrannymi
vadami byla i u BCLP jedincli nalezena mirnd asymetrie retni ¢ervené. Stejné jako
Russell et al. (2014) se k pfikldnime k nazoru, Ze je potieba prehodnotit predchozi
predpoklady, ze je ret u bilaterdlnich vad po cheiloplastice relativné symetricky.
Nicméné oproti vySe zminované studii nachazime odchylky od symetrie nesignifikantni.

Podstatny vliv zde miize mit pouZzitd operacni metoda. Asymetrie laterdlnich oblasti

24



u CLP jedinct souvisi s naruSenim celistvosti patra. Vysledky prace Al-Rudainy et al.,
(2018) u UCLP jedinci popisuji asymetrii v laterdlnich oblastech maxily
v predoperacnim obdobi ve véku 3,5 meésice, s negativnimi hodnotami na postizené
stran¢, coz je v souladu s nasimi vysledky. Je tedy ziejmé, Ze asymetrie maxily je
u kompletnich vad odchylkou kongenitalni, vyskytujici se nezavisle na cheiloplastice ¢i
nasledné palatoplastice. Samotny tvar patra UCLP a BCLP jedinct byl hodnocen v fadé
studii pooperacné a jejich vysledky kromé jinych zavért potvrzuji fakt, ze se patra
u rozs§tépovych pacientli vyvijeji asymetricky (Kilpeldinen and Laine-Alava, 1996;
Smabhel et al., 2004; Smahel et al., 2009; Bejdova et al., 2012; Ruskova et al., 2014).
Maximalni vySka klenby patra UCLP jedincti byla nalezena v posteriorni casti
nepostizené strany (Smahel et al., 2004; Ruskova et al., 2014) a podporuje tak nasi
teorii, ze pozitivni odchylky od perfektni symetrie na nerozstépové stran¢ souviseji
primarné s odchylkami skeletu. U BCLP jedincti pak Smahel et al. (2009) popisuje
oproti kontrolam vétsi vysku klenby patra v anteriorni oblasti a naopak nizs$i vysku
v posteriorni oblasti. Ve srovnani s kontrolami je asymetrie patra piitomna a posteriorné
se snizuje spolecné s tim, jak se zmenSuje vyska klenby. Toto zjisténi je v souladu
s na$imi vysledky, kdy se u BCLP jedincii ve star§Sim véku asymetrie rozsifovala do
oblasti tvafi a lateraln¢ vyznivala. Otazku laterality bude potieba dale studovat na
veétsim souboru pacientll. V souvislosti s oblasti dolniho obli¢eje byla nalezena rtizna
mira asymetrie dolniho rtu, nejvyraznéjsi u UCL jedincl, nejméné manifestovand
u BCLP souboru. Vysvétlenim mtze byt nespravné postaveni prednich zubi, skeletalni
deformity mandibuly (Bhuvaneswaran, 2010) ¢i ptedchozi snaha ditéte dosdhnout
bilabidlniho uzavieni ust s postizenym hornim rtem (Pensler and Mulliken, 1988).
V oblasti brady byla nalezena pozitivni odchylka od symetrie na stran¢ rozstépu, coz
popisuji 1 dalsi autofi (Kim et al., 2013; Kuijpers et al., 2015; Lin et al., 2015). U UCL
jedinct naseho souboru byla asymetrie nepatrnd a BCLP jedinci vykazovali asymetrii
v oblasti brady nekonzistentni v ramci vékovych kategorii. U BCLP jedinci byla
v literatufe na zaklad¢ skeletu popsana asymetrie bez rozdild oproti normé (Kurt et al.,
2010; Paknahad et al., 2016). Nejednotnost asymetrie nasich BCLP skupin nejsme
z diivodu nedostatecnosti dosavadnich studii schopni uspokojivé vysvétlit, a vliv mize
mit také mens$i pocet jedinc. Obecné miizeme shrnout, Ze nejvyznamnéjsi asymetrie
byla nalezena v oblasti samotné rozstépové vady. U kompletnich rozstépovych vad
zasahovala 1 déle lateralné do oblasti maxily, pfi¢emz pivod této asymetrie davame

primarné do souvislosti s naruSenou horni Celisti, nikoli chirurgickou 1écbou. Izolovany
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roz§tép rtu v kombinaci s €asnou operaci nevyvinul vyznamnou asymetrii oblasti
obli¢eje pfimo nesouvisejicich s mistem defektu. Pacienti s oboustrannymi vadami
vykazovali nizs§i miru a odlisny typ asymetrie od jednostrannych vad a jejim celkovym
charakterem, vyjma nasolabialni oblasti, se blizili spiSe norm¢. Krom¢ mirné progrese
asymetrie v oblasti maxily u CLP jedinci, se asymetrie v ostatnich oblastech s vékem

nezvyraznila.

33 Vliv SS na vyvoj obliCeje u pacienti s jednostrannymi

orofacialnimi rozsStépy

Ve studii Caganova et al. (2014) jsme se soustiedili na rekonstrukci defektu alveolu.
Navazovali jsme na sérii praci, které¢ vznikly na zdklad¢ dat pacientli pracovisté
Plastické chirurgie Fakultni nemocnice Kralovské Vinohrady v minulosti a které se
zabyvaly vlivem jednotlivych opera¢nich technik upravy alveolu na kraniofacidlni
vyvoj (Smahel and Mullerova, 1988; Smahel and Mullerova, 1994; Sameshima et al.,
1996; Smabhel et al., 1998; Veleminska, 2000). Vétsina publikovanych praci, tykajicich
se hodnoceni SS, poptipad¢ jejiho porovnani s PP, se soustiedila pfedevsim na stabilitu
Stépu ve smyslu ubytku kostni hmoty v odstupu ¢asu, ¢i erupci Spi¢akt (Long et al.,
1995; Honma et al., 1999; Kawakami et al., 2003; Matsui et al., 2005; Jia et al., 20006;
Feichtinger et al., 2007; Matic and Power, 2008; Dayashankara Rao et al., 2012). My
jsme si stanovili odliSny cil: 1) porovnat posledni dvé uvedené¢ metody rekonstrukce
alveolu z pohledu dlouhodobého dopadu na rist jednotlivych obli¢ejovych struktur,
jejich vzajemného postaveni a také dopadu na vyvoj mezicelistnich vztaht v kritické
periodé pubertalniho ristového obdobi. 2) zjistit, zda nova technika pfinasi pro pacienty
benefity, a pokud ano, tak jaké. Predpokladali jsme, Ze finalni morfologie obliceje
pacientii operovanych SS bude vykazovat niz8i miru dentalnich a skeletalnich odchylek
nez soubor PP pacientii. Sledovany soubor tvofily laterdlni telerentgenové snimky
(teleRtg) 18 chlapci, ktetfi v primérném véku 10,3 roku podstoupili chirurgické feSeni
defektu alveolu implantaci spongiéznich $tépa (SS). Srovnévacim souborem byla data
48 chlapct, u nichz byl rozstép Celisti feSen soucasné se suturou rtu piremosténim
pomoci elastického periostadlniho lalacku (PP) v primémém véku 9 mésict. Pacienti
obou sledovanych souborii podstoupily cheiloplastiku (11m.-SS; 9m-PP)
1 palatoplastiku zahrnujici metodu retropozice s faryngofixaci (4r7m-SS; 5r2m-PP)

v pfiblizné stejném ve&ku. Porovnéani vlivu obou opera¢nich metod bylo zaloZeno na
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hodnoceni laterdlnich teleRtg snimkl obli¢eje potfizenych u obou skupin ve veéku
10a 15 let. Naneseni landmarkli bylo provedeno v softwaru na analyzu obrazu
SigmaScan Pro, vypocet 86 navolenych linearnich, thlovych a specidlnich
meziCelistnich rozméri byl proveden prostfednictvim softwaru Craniometrics
(Veleminsk4d et al.,, 2003). Finalni faciogramy byly zkonstruovany v programu
AutoCAD 2008 (Autodesk Inc., USA). Abychom mohli jednozna¢né popsat vliv obou
metod na rist obliceje ve sledovaném pétiletém obdobi, bylo tieba zjistit, zda se
skupiny pacientt nelisily jiz ve véku 10 let. Nalezené rozdily se tykaly zejména predni
vysky horniho obliceje a s tim spojené celkové vysky obliceje, ktera byla nizs§i u PP
pacientii. Dtsledkem nizsi vySky horniho obliceje byla celkova vertikalni disproporce
obliceje u PP pacientli. Niz§i vySka horniho obli¢eje je jednou z charakteristickych
odchylek skeletalniho riistu, za jejiz ptivod je povazovana absence rustovych impulzi
nazéalniho septa na kompletné oddélenou stranu postizenou rozst€épem (Smahel and
Brejcha, 1983). Vzhledem k vyrazné krat$i vySce horniho obliceje PP pacientii miiZzeme
usuzovat, ze PP tento negativni vliv jesté podporuje. Signifikantni rozdil ve prospéch
SS pacientt byl nalezen také u hloubky nosu na mékkém profilu. V 15 letech pretrvaval
a spise se lehce zmirfioval rozdil vertikdlnich parametrii pfedniho obliceje. Signifikantni
rozdil byl nalezen v narGistu dentoalveolarni vysky maxily, ktery byl vyrazn€jsi u SS
pacientli. Podobné vysledky byly publikovany v praci Brattstroma (1991), ktery nachézi
vysSi dentoalveolarni vySku u SS pacientli, ovSem v porovnani s jedinci operovanymi
primarni osteoplastikou (PO), nikoliv PP. Rozdily v celkové délce maxily jsme
neprokézaly, coZ je popisovano i v recentni praci Jabbari et al. (2017), ktera ndm zpétné
umoziuje porovnat nase vysledky s totoZznym metodologickym ptistupem. Shodujeme
se 1 v hodnoceni pozice horni Celisti, ktera se béhem sledovaného obdobi dostala do
mirné retruze (Jabbari et al., 2017), pficemz celkovy nartist maxily do délky byl u obou
skupin naSich pacienti (SS i PP) jen velmi maly. Vyznamné rozdily nebyly nalezeny
ani v souvislosti s mandibulou. Mirna anteriorotace a nesignifikantni protruze dolni
Celisti, zapti¢inéna vyraznéjSim ristem téla mandibuly v pribéhu pubertalniho spurtu
oproti bazi lebni, se vyskytovala shodn€ u obou skupin a je v souladu se zjisténimi
Jabbari et al. (2017). Projevem retruze redukované maxily spole¢né s mirnou protruzi
mandibuly bylo nesignifikantni oplosténi skeletdlniho profilu. Konvexita skeletalniho
profilu klesla u obou skupin pacientti témét rovnomérné. Tento trend je u rozstépovych
pacientli obecné popisovan (Smahel and Brejcha, 1985; Ross, 1987b; Veleminska,

2000). Vyznamny rozdil jsme nalezli u parametri popisujicich sklon patra vi€i bazi
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lebni, jez soucasné ovliviiuji vertikalni mezicelistni vztahy. Ty se vyrazné 1épe vyvijely
u SS pacientil. Jabbari et al. (2017) rozdily ve vertikalnich mezicelistnich vztazich mezi
skupinou SS a PP nenachazi. Oproti tomu sagitalni mezicelistni vztahy se u jejich
1naSeho souboru v piipadé obou typii operativy shodné zhorSili. Vyznamny narast
konvexity mékkého profilu v disledku vyraznéjsi prominence nosu u SS skupiny byl
dalsi z vyznamnych odliSnosti mezi obéma skupinami. To je v souladu s nalezy
Brattstroma (1991), ktery popisuje vyssi konvexitu mekkého profilu u SS pacientti, nez
u skupin sPO. Co se tyCe dentoalveolarni slozky, vyznamny rozdil nalézame
v proklinaci fezdkl, a to vyrazné ve prospéch SS skupiny. Predchozi studie
predpokladaji korelaci mezi vyssi proklinaci fezakt, ale soucasn¢ hor$imi vertikalnimi
meziCelistnimi vztahy v souvislosti s 1écbou fixnimi aparaty (FA). NaS soubor tyto
domnénky nepotvrdil. V ramci SS skupiny bylo 1é€eno 72% pacientl fixnimi aparaty,
u PP skupiny to bylo o 20% méné, a piesto se vertikalni meziCelistni vztahy vyvijely
ptiznivéji u SS jedinct. Nesignifikantné lepsi prekus u SS pacientti byl navic vysledkem
celkové vyssi proklinace dentoalveolarniho hiebene, nejen proklinace Spicak.

Nase vysledky tedy naznacuji, Ze C¢asny zdsah do alveolarniho oblouku, jak
v ptipadé¢ PO, tak popsany u naseho PP souboru, celkové negativné ovliviiuje
dentoalveolarni slozku maxily. Patrné je zdroven horSi postaveni az retroinklinace

maxily, na rozdil od SS jedinci. Obecné muzeme fici, ze efekt SS u naseho souboru

vvvvvv

v

se také pfiznivejSimi vertikalnimi meziCelistnimi vztahy, vys$i proklinaci hornich

1 dolnich tezakl a vyssi konvexitou mékkého profilu, nez je tomu u PP jedinct.

3.4 Vyvoj obliceje u déti v obdobi pubertalniho ristu

Studie Koudelova et al. (2015) dopliiuje pfedkladanou diserta¢ni praci auxologickym
pohledem na oblic¢ej dospivajicich chlapct a divek ve véku od 12 do 15 let. Soubory
zdravych jedinci jsou pro antropologické studie nepostradatelné a to jak z hlediska
vyuziti jako srovndvacich souborii pii detekci odchylek u patologii, tak z hlediska
ziskani ptehledu o ristovych zménach v jednotlivych vyvojovych obdobich. Dil¢imi cili
této prace bylo: 1) popsat variabilitu tvaru a formy obli¢eje mezi chlapci a divkami
v jednotlivych vékovych kategoriich, 2) definovat rozdily mezi jednotlivymi vékovymi
kategoriemi a 3) identifikovat sexualn¢ dimorfni znaky. Soubor tvofilo 30 jedinct

(17 chlapcti a 13 divek), ktefi byli longitudindlné sledovéani v pribéhu ctytletého
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casového obdobi. Piistrojové a softwarové vybaveni slouzici sbéru, upravé
a vyhodnocovéni dat zahrnovalo facidlni skener Vectra 3D, RapidForm XOS software
a Morphome3cs software. Obliceje byly hodnoceny jak z pohledu tvaru (odfiltrovan
vliv velikosti), tak z pohledu formy (tvar + velikost). Prvnim krokem bylo zhodnoceni
variability formy atvaru u jednotlivych vékovych kategorii. U formy zacalo byt
signifikantni odliSeni mezi chlapci a divkami patrné od 14 let veéku, v 15 letech se pak
rozdily déle zvyraznily. Separace skupin byla na zakladé prvni hlavni komponenty
(PC1), kterd byva nejCastéji interpretovana jako mira velikosti, zatimco ostatni
komponenty jsou interpretovany jako miry tvaru (Mitteroecker et al., 2013). Forma
obliceje tedy vice odrazi vyvoj sexudlniho dimorfismu ve smyslu velikosti znak( nez
tvaru obliceje. Z pohledu tvaru obliceje se skupiny signifikantné neliSily. Variabilita
tvaru byla ve vSech vékovych kategoriich vétsi u chlapcii a rozdily mezi pohlavimi zde
nebyly v pribéhu sledovaného obdobi patrné. Nase vysledky jsou v rozporu s Bulygina
et al. (2006), ktera sice na zaklad¢ longitudindlniho hodnoceni Rtg snimkl popisuje
jistou divergenci v rustovych trajektoriich od 12 let véku, nicméné 2D hodnoceni maji
urcité limitace a ztraci se zde informaci o celkovém tvaru.

Rozdily formy mezi chlapci a divkami byly nasledné vizualizovany pomoci
konstrukce primérnych oblicejii a jejich vzajemné superimpozice. Nepatrné se rozdily
rysovaly jiz od nejmladsi kategorie, kde bylo patrné delsi ¢elo a prominence orbitalni
oblasti u divek. U chlapcti naopak prominovaly nado¢nicové oblouky a oblast horniho
rtu. Ve tiindcti letech se rozdily mirné€ zvyraznily. U divek byla navic patrna
prominence v oblasti jafrmovych kosti, u chlapct se zvétSila prominujici nasolabialni
oblast a zacala se prodluzovat vySka dolniho obli¢eje. Ve 14 letech u chlapci jiz
signifikantn¢ prominoval nos a oblast horniho rtu, u divek byla v prominenci cela oblast
tvaii. V 15 letech byla u divek celkové signifikantni prominence orbitalni oblasti a tvari,
zatimco u chlapcii vyrazn€ prominovala nadocnicovd oblast, nos ahorni ret.
Signifikantni prominence nadoc¢nicové oblasti je typicky maskulinni znak, spolecné
s retruzi orbitalni oblasti jej u dospivajicich chlapci popisuje Toma et al. (2008)
u dospélych muzi pak Hennessy et al. (2005). Prominence jafmovych kosti a postupné
celé¢ oblasti tvafi je u divek b&hem puberty spojena s ukladanim bukélniho tuku
(Coleman and Grover, 2006), oplosténi u chlapcii mtize byt také zpiisobeno celkové
SirSimi jafmovymi kostmi a vybézky maxily (Gonzalez et al., 2011). Vibec
nejvyraznéjsi, postupné se rozvijejici rozdily, byly nalezeny v oblasti nosu, coz bylo

v souladu s pfedchozimi studiemi (Genecov et al., 1990; Kau and Richmond, 2008;
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Toma et al., 2008). Dle hypotézy autorti Rosas & Bastir (2002) koreluje velikost nosu
anostril u muzl s vy$§imi pozadavky na piijem kysliku. Celkové vétsi a delSi nos
chlapcii souvisi také s prominenci horniho rtu (Kau and Richmond, 2008; Toma et al.,
2008). Po 13 roce se u chlapctu také zacina prodluzovat vyska dolniho obliceje, coz je
dano vyraznym ristem mandibuly béhem pubertalniho spurtu (Ferrario et al., 1999;
Bulygina et al., 2006). Zavérem miizeme shrnout, ze mezi 12. a 15. rokem nebyl na
zékladé¢ metod 3D geometrické morfometrie prokdzan pohlavni dimorfismus tvaru
obliceje, zatimco pohlavni dimorfismus formy obliceje se signifikantné odliSoval od

14 let véku.
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4 Zavér

V této disertani praci byla hodnocena role neonatdlni cheiloplastiky a sekundarni
spongioplastiky ve vyvoji obli¢eje pacientil s orofacialnimi rozstépy. Jednim z cili bylo
alespon Castecné prispet k odpovédi na otdzku, zda ma neonatalni cheiloplastika
negativni vliv na rust jednotlivych oblicejovych struktur v urcitych etapach vyvoje
pfedSkolniho ditéte. Z naSich vysledkti vyplyva, Zze u pacienti s kompletnimi
jednostrannymi rozstépy i s jednostrannymi rozStépy s mostem neni béhem prvnich
deseti mésict po cheiloplastice pifedozadni riist patra limitovan. Sitka rozitdpové
Stérbiny se sniZzuje v zavislosti na typu a zavaznosti vady vlivem kombinace
modelacniho efektu sutury rtu na postizeny dentoalveolarni oblouk a soucasného riistu
obou segmentll v anteriornich oblastech. Vyloucili jsme zmenSovani rozstépové
Stérbiny na zakladé Casto popisovaného nezadouciho zuzeni predni dentoalveolarni
Sitky horni Celisti, kdy tento parametr zistava u nasich jedinct v zavislosti na typu vady
bud’ beze zmény, nebo se mirn¢€ zvysuje. Signifikantni rist byl nalezen u obou typii
vady 1 v posteriornich oblastech. Variabilita jedincti s kompletnim postizenim se béhem
prvniho roku Zivota sniZuje a soucasn¢ se priblizuje variabilit¢ méné postizenych
jedinct. To znaci, ze rist patra sledovanych déti prochazel stejnymi zménami a sledoval
podobny ristovy trend. Z porovnani s daty pozdé¢ji operovanych jedincii a kontrolnich
souboril vyplyva, Ze riistovy trend horni ¢elisti ma u naSich pacientli charakter spiSe se
blizici normé neZ pozdni operativé.

Hlavni odchylky v morfologii obli¢eje nalezené u piedSkolnich déti s rozStépem
odpovidaji standardné popisovanym odchylkdm rozst€povych pacientl. Nejvyraznéjsi
odchylky od normy byly nalezeny u pacientll s oboustrannym kompletnim rozstépem,
mén¢ vyrazné pak byly u pacientll s kompletnim jednostrannym rozst€épem. U obou
skupin se tykaly zejména nasolabidlni oblasti, tedy struktur pifimo zasaZenych
rozStépem, ale zaroven byla patrné signifikantni retruze lateralnich oblasti horni Celisti.
Nejméné postizenymi a normé celkové nejvice podobnymi jedinci byla skupina
pacient s izolovanym roz§tépem rtu, kde nebyly lateralni oblasti zasazeny. Tato zjisténi
naznacuji, Ze na rast zdravé maxily nemd Casna sutura rtu negativni vliv. Pokud
zohlednime poznatky o riistu postizené horni celisti popsané v piedchozi ¢asti a také
informace o tom, Ze maxila je u kompletnich rozstépovych vad kratsi jiz pied prvnim

chirurgickym zdkrokem, nemd NCH celkové vyrazné inhibi¢ni vliv na riist horni Celisti
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rozstépovych pacientd. Podporou tohoto tvrzeni mtze byt i fakt, Zze v predskolnim veku
nenachdzime u vyznamnych rozstépovych odchylek signifikantni progresi s vékem.

Odchylky od perfektni symetrie byly u vSech skupin pacienti i u normy
nalezeny v oblasti ¢ela, shodné€ s pozitivnimi hodnotami vpravo. Vzhledem k témto
okolnostem neshleddvame souvislost asymetrie ¢elni oblasti s rozstépovou vadou, ale
povazujeme ji za nasledek polohové plagiocefalie a z ni pramenici prominence Cela.
Nejvyraznéjsi projevy asymetrie byly pfitomny v oblastech pifimo souvisejici
s rozstépem, avsak u kompletnich vad se asymetrie vyskytovala i lateraln¢ v oblasti
maxily. Tyto vysledky naznacuji, ze kompletni vady s postizenim patra rozvijeji
asymetrii 1 laterdln¢ od samotného mista postizeni m&kkych tkani, zatimco nepfitomnost
asymetrie laterdlnich oblasti u UCL jedinci naznacuje, ze izolovany rozstép rtu
v kombinaci s NCH nezptsobuje vyznamnou asymetrii oblasti obliceje. S vyjimkou
horni labialni oblasti se oboustranné rozstépy charakterem asymetrie blizily spise
norm&, nez jednostrannym roz§tépim. AZ na vyjimku nesignifikantni progrese
asymetrie v oblasti tvaii u kompletnich vad, asymetrie v ostatnich oblastech se s vékem
nezvyraznila.

Pokud se tyka feSeni defektu alveolu, naSe vysledky naznacuji, Ze pacienti
operovani sekundarni spongioplastikou vykazovali béhem pubertalniho ristu vyrazné
lepsi vyvoj vertikdlnich meziCelistnich vztahi a zaroven vétsi proklinaci hornich
1 dolnich tezakd. Soucasné¢ byla na konci sledovaného obdobi ptfitomna také vétsi
konvexita mekkého profilu, coz je jednim z vyznamnych cild, kterych se celkova 1écba
pacient s roz§tépem snaZi z estetického hlediska dosahnout. Casny zisah do
alveolarniho oblouku, v ptipad¢ diive provadéné primérni osteoplastiky ¢i u naseho
souboru pacientii operovanych primarni periosteoplastikou, naopak celkové negativné
ovlivitoval dentoalveolarni slozku maxily a jeji postaveni vzhledem k bazi lebni, kde
byla nalezena retroinklinace. V dalSich parametrech, jako je délka maxily ¢i sagitalni
mezicelistni vztahy, se obé skupiny nelisily.

Béhem pubertalniho vyvoje u zdravych jedincti nebyl do 15 let véku prokdzéan
signifikantni pohlavni dimorfismus tvaru obli¢eje. Pohlavni dimorfismus formy se
postupné zvyrazioval a signifikantn€ odliSny byl az od 14. roku, pficemz forma obliceje
pfedstavovala vyvoj sexudlniho dimorfismu vice ve smyslu velikosti znakil nez tvaru
obliceje. Vyznamné rozdily byly v prominenci nado¢nicové oblasti, nosu a horniho rtu

u chlapcti, u divek naopak prominovala oblast orbit a tvari.
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Background: A new method of early neonatal cheiloplasty has recently been employed on patients
having complete unilateral cleft lip and palate (cUCLP). We aimed to investigate (1) their detailed palatal
morphology before surgery and growth during the 10 months after neonatal cheiloplasty, (2) the growth
of eight dimensions of the maxilla in these patients, (3) the development of these dimensions compared
with published data on noncleft controls and on cUCLP patients operated using later operation protocol
(LOP; 6 months of age).
Methods: Sixty-six virtual dental models of 33 longitudinally evaluated cUCLP patients were analysed
using metric analysis, a dense correspondence model, and multivariate statistics. We compared the
palatal surfaces before neonatal cheiloplasty (mean age, 4 days) and before palatoplasty (mean age, 10
months).
Results: The palatal form variability of 10-month-old children was considerably reduced during the
observed period thanks to their undisturbed growth, that is, the palate underwent the same growth
changes following neonatal cheiloplasty. A detailed colour-coded map identified the most marked
growth at the anterior and posterior ends of both segments. The maxilla of cUCLP patients after neonatal
cheiloplasty had a growth tendency similar to noncleft controls (unlike LOP).
Conclusions: Both methodological approaches showed that early neonatal cheiloplasty in cUCLP patients
did not prevent forward growth of the upper jaw segments and did not reduce either the length or width
of the maxilla during the first 10 months of life.

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

the mandible [6]. This malformation emerges from approximately
the fourth to the eighth week of prenatal development. The range

Orofacial clefts are among the most common craniofacial de-
formities [1—3] and are associated with serious orthodontic
anomalies [4]. The incidence in the Czech Republic is approximately
1:530 of living newborns. Their background is multifactorial, in
other words, orofacial clefts are caused by a combination of genetic
and environmental factors [5]. They are the result of hypoplasia of
facial prominences and palatal shelves and growth restriction of

* Corresponding author.
E-mail address: eva.hoffmannova87@gmail.com (E. Hoffmannova).

http://dx.doi.org/10.1016/j.ijpor]l.2016.08.028
0165-5876/© 2016 Elsevier Ireland Ltd. All rights reserved.

of the affliction varies, being localised to the lip, upper jaw, and
palate, separately or in different combinations [1]. Complete uni-
lateral cleft lip and palate (cUCLP), the subject of our study, is the
most common type of orofacial cleft [7,8].

Treatment of cleft patients should begin as soon as possible [9]
and includes surgical repair of the cleft lip, cleft palate, affected
nose, along with orthodontic therapy [7]. The surgical treatment
goals are mainly to restore the form and function of structures
affected by clefting [10] and thus improve facial appearance and,
ultimately, influence the psychological impact on the child and
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family [9]. The associated treatment goals are to improve speech
and food intake [11].

Primary cheiloplasty is necessary to reconstruct the normal
anatomy and function of the lip [12], and the most common age for
surgical treatment is between 3 and 6 months [13,14]. Cheiloplasty
can also be performed during the first week of life, and it is
becoming the most common surgical approach in the Czech Re-
public. Neonatal cheiloplasty is believed to result in many benefits
such as excellent wound healing, feeding facilitation [9,11,13], and
reducing the psychological impact on family [15]. The question is
whether neonatal cheiloplasty results in a better or the same
outcome as the later operation protocol (LOP). We evaluated the
isolated influence of neonatal cheiloplasty on maxillary growth
during the first 10 months after lip surgery. We compared maxillary
morphology before and 10 months after neonatal cheiloplasty us-
ing classical morphometry combined with three dimensional (3-D)
geometric morphometric methods. The aim of our study was to
determine whether neonatal cheiloplasty has any negative effect
on the growth of the maxillary segments during the observed
period. We compared our morphometric data with published data
on noncleft controls and cUCLP patients operated using the LOP to
prove our hypothesis.

2. Materials and methods

This study was based on morphometric analysis of plaster
models of the maxillae of 33 patients with cUCLP. All the patients
were of Czech origin and were operated within the first week of life
by the same surgeon using the modified Tennison technique. The
consent for experimentation with human subjects was obtained.
The mean age of the 33 patients who underwent early neonatal
cheiloplasty was 3.8 + 2.7 days, and the mean age for palatoplasty
was 10.1 + 1.8 months. Two plaster casts were taken of each patient,
the first before cheiloplasty (TO) and the second before palatoplasty
(T1). The plaster casts were scanned using a Breuckmann SmartS-
can scanner (Aicon 3D Systems GmbH, Braunschweig, Germany)
with a resolution of 0.1 mm. The resulting meshes were edited and
decimated using RadpidForm XOS software (Inus Technology Inc,
Seoul, South Korea).

The first step before any morphometric analysis was to place 11
landmarks on each model in Morphome3cs software (www.

10

Fig. 1. Reference points on maxillary segments. 1: Most distal point on the edge of the
segment on noncleft side; 2: tip of ridge on the line between the labial frenulum and
incisive papilla; 3: mesial margin of canine swelling on noncleft side; 4: distal margin
of canine swelling on noncleft side; 5: distal margin of molar swelling on noncleft side;
6: tuberosity point on noncleft side; 7: most mesial point on the edge of the alveolar
segment on cleft side; 8: distal margin of canine swelling on cleft side; 9: distal margin
of molar swelling on cleft side; 10: tuberosity point on cleft side; 11: reference point on
the base of the perpendicular line from reference point 2 to the line segment of
reference points 6 and 10.

morphome3cs.com; Fig. 1). Landmark placement error was deter-
mined according to the method of von Cramon-Taubadel et al.
(2007) [16], at 0.1665 mm. We used those 11 landmarks to analyse
changes in seven linear measurements and one angular measure-
ment during the first 10 months: 1-7 (alveolar cleft width), 5-9
(intermolar width), 4—8 (intercanine width), 4—6 (molar region
length on the noncleft side), 8—10 (molar region length on the cleft
side), 6—10 (intertuberosity width), 2—11 (palatal length), and 2 1-
3-7 (anterior basal angle). Some of the measured dimensions were
compared with published data of a noncleft control group [17] and
with an LOP group (cheiloplasty at 6 months of age) [18]. We used
Wilcoxon's paired signed-rank test to determine whether growth
in the specified dimensions was statistically significant. Signifi-
cance was decided to be at level « = .05.

We then analysed the palatal shapes in their entirety using
coherent point drift dense correspondence analysis (CPD-DCA)
[19]. This is an algorithm that transfers the topology of one surface,
called the base, to all the other surfaces. In effect, homologous
samplings of these surfaces are generated, allowing for landmark-
style statistics and visualisations. CPD-DCA first uses an auto-
matic nonrigid registration algorithm to deform the base mesh
onto each nonbase surface, bringing anatomically similar locations
into close proximity. Next, closest-point search is used to find
corresponding points on the nonbase surface, which are used to
resample the nonbase surface. These homologous samplings of
each surface are then aligned with generalised Procrustes analysis
(GPA) [20]. Note that size was not normalised during GPA and, as a
result, the real form of the individuals was analysed. Dimension
reduction is accomplished using principal component analysis
(PCA); the shape variables reduced to the first two principal com-
ponents were plotted in a scatter plot. The mean growth direction
in the space of the first two principal components was calculated
as, where n is the number of specimen pairs and b; and a; are the
principal component (PC) scores of the i-th individual after and
before surgery, respectively.

Finally, mean shapes for pre- and postsurgery patients were
calculated using means of their corresponding vertex coordinates.
Average growth pattern was calculated as the average corre-
sponding vertex displacement between pre- and postsurgery sur-
faces. This mean displacement was visualised by colour-coding the
groupwise mean surfaces.

3. Results
3.1. Classical metric analysis

Seven linear and one angular dimension of the maxilla of cUCLP
patients were compared between two age groups (TO, T1), one at
age 3.8 days and the second at age 10.1 months (Table 1). All the
measured dimensions were compared by Wilcoxon signed-rank
test. Table 1 shows significant growth increments in all the
measured dimensions except intercanine width (4—8), whose size
change was not statistically significant. There was an evident
decrease in the dimensions associated with convergence of the
anterior ends of the upper jaw segments such as cleft width (1-7)
and anterior basal angle (1-3-7). On the contrary, there was a sig-
nificant growth change in the posterior area of upper jaw seg-
ments: increase of intertuberosity width (6—10), intermolar width
(5—9), and molar region length on the cleft side (8—10) and non-
cleft side (4—6). There was also a significant growth extension in
palatal length (2—11).

A further important aim of our study was a metric comparison
(intercanine width, intertuberosity width, and palatal length) of
our data with noncleft controls [17] and with another UCLP-patient
group operated using a classical LOP [18] (Fig. 2). Initial
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Table 1
Testing of changes in linear (mm) and angular (°) measurements during first year of
life in cUCLP patients.

Cleft type cUCLP p value
Age 1 week 10 months
Dimension X+ SD X + SD
1-7 94 +4.2 41 +23 .
8-10 15.7 + 1.9 20319 b
5-9 357+19 38724 .
4-8 30.7 + 2.7 30.7 + 2.6 NS
4—6 154 + 2.0 19.1+19 b
6—10 333+18 36.1 +23 .
2-11 229+23 258 +24 .
1-3-7 20.1£9.5 9.1+54 o
% p <0.001
NS (not statistically significant).

intertuberosity and intercanine widths were larger in both cleft
groups compared with the noncleft group because of a gap be-
tween palatal segments. Intertuberosity width in our neonatal
cheiloplasty group showed a growth tendency more similar to the
noncleft control group compared with the LOP group. Palatal length
exhibited a similar growth tendency in both cleft groups and the
noncleft group. Intercanine width, as one of the most important
indicators of surgical impact, showed a growth trend more similar
to the noncleft group than to the LOP group. Our results show that
intercanine width did not change during the observed period, un-
like the control group, wherein that dimension increased in size. On
the contrary, the LOP group showed a decrease of this dimension
following surgery.

Overall, we did not find any significant growth disturbance in
any of the measured dimensions. Moreover, intertuberosity width
and palatal length dimensions share growth patterns similar to the
control group.

3.2. Geometric morphometric evaluation of maxillary surface
morphology

Maxillary surface variability in patients with cUCLP was ana-
lysed by performing principal component analysis (PCA) on the
respective form variables. Surface differences of the maxillary
segments between the two age groups were characterised using
the first two principal components (PC1, PC2) (Fig. 3). Out of the
total form variability, PC1 explained 51.1%, and PC2, 15.3%. Each
specimen appears twice in the plot, at age TO and at age T1. Pro-
jections of each specimen at TO and T1 into the first two principal
components were plotted in a scatterplot. Overall, the variation of
maxillary form was greater in the neonatal group (TO0). The effect of
PC1 and PC2 on the shape of the maxillary segments was visualised
using colour-coded maps (Fig. 3). Mostly size was manifested in
PC1. An increase in PC1 score from negative to positive values
translates into an enlargement of maxillary segments (red colour
indicates a vertex moving outward, while blue shows an inward
motion). The mean of the T1 group was shifted toward positive
scores of PC1, which would indicate that the maxillary segments
were larger in T1 than in TO. An increase in the PC2 score corre-
sponded to the increase of palatal length and convergence of both
segments at the anterior ends of both segments. Upper jaw seg-
ments in T1 were larger, with a smaller anterior cleft gap. The di-
rection of ageing trajectories is displayed by the arrow and shows
the growth change in the time interval TO—T1. Altogether, the
maxillary segments were growing in all directions and the anterior
cleft width was reduced.

Using the CPD-DCA analysis, we modelled the growth of the

maxillary segments in the cUCLP patients during the first 10
months after birth by colour-coded maps. Areas of the greatest
growth were marked red (Fig. 4). The results show a major growth
pattern located at the anterior and posterior ends. Growth of the
maxillary segments was generally more pronounced on the lateral
circumference of both segments. Both separated segments were
growing in size, prolonging and converging in the anterior ends of
the segments. On the contrary, the posterior ends of both segments
did not show any convergence.

4. Discussion

It has been reported that neonatal cheiloplasty has many ben-
efits concerning good aesthetic outcome, and socialisation of child
with family [9,13]. To evaluate the independent effect of neonatal
cheiloplasty, we analysed the growth of the maxilla during the first
10 months of life, that is, before palatoplasty.

The combination of 2-D and 3-D analysis showed the growth
pattern of the maxillary segment and the growth tendency of
cUCLP patients. The results showed that neonatal cheiloplasty did
not prevent growth in the anterior part of either segment and that
our data shared a growth tendency in observed width dimensions
more similar to the control group [17] than to the LOP group [18].
The palatal length dimension had a growth trend similar to both
the neonatal and LOP cUCLP groups, also to the control group.

4.1. Growth of the upper jaw segments

Clefting of the maxilla causes retardation of growth, but the
initial width dimensions such as intercanine width and inter-
tuberosity width were larger than in the noncleft patients. More
growth retardation was visible in the palatal length dimension than
in the noncleft group. Also, previous studies have described palatal
length as less than in noncleft patients and intercanine and inter-
tuberosity width as more than in noncleft patients [17,21]. Growth
changes in maxillary segments have been shown in many studies
concerning an LOP (3—6 months) [17,18,22—24]. Those studies re-
ported the same results shown in our study; that the inter-
tuberosity width and palatal length increased significantly in the
months following cheiloplasty.

The intertuberosity width in our neonatal cheiloplasty group
showed an increasing growth trend after surgery, that is, the
dimension increased significantly during the observed period. The
same growth trend was shown in the noncleft control group.
Overall, the initial intertuberosity width in both cheiloplasty pro-
tocol groups was larger than in the noncleft patients and shows an
increasing growth trend after cheiloplasty. Our results are sup-
ported by many studies [17,22,23,25—27], in which cUCLP patients
were operated by LOP.

We also observed palatal length growth trends in different
operation protocol groups and in the noncleft group. The palatal
length growth trend exhibited by the course of the curve in our data
was similar to that of the LOP and noncleft control group. The initial
palatal length in the noncleft control group was larger than in our
cUCLP data. The same results were described by Kramer et al. (1994,
1996), wherein different cleft types were compared with the con-
trol group and smaller initial palatal length was apparent only in
the cUCLP group.

Our data showed no significant change in intercanine width
after neonatal cheiloplasty and the size of this dimension stayed
the same during the first 10 months. The same results were
documented by Braumann et al. (2003), in which both cleft groups
were operated using the same surgical procedure—the method of
Tennison—but the surgery timing was different and was performed
by different surgeons. Our results showed a constant growth trend
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Fig. 2. Comparison of growth trends of maxilla in cleft and noncleft groups. Three mean linear maxillary dental arch measurements were taken at different ages (x-axis) and
demonstrate corresponding size of the maxilla (y-axis) in cUCLP early neonatal cheiloplasty group, cUCLP later operation protocol group, and control group. Neonatal cheiloplasty
data were compared with data published on LOP group and control group, intercanine width, intertuberosity width, and palatal length.
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Fig. 3. Shape variability of cUCLP patient in two age categories described by PC1 and PC2. Specimen appears twice, first, during the first week of life (age 0), and second, at 10
months (age 1). Confidence ellipses for groups at 95% level were included. Colour-coded maps visualise the effect of each principal component (PC) on growth of the maxilla. Red
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Fig. 4. Visualisation of growth of the maxillary arch in the first year of life in cUCLP. A: Mean 3-D model before early neonatal cheiloplasty at age 3.8 days. B: Mean 3-D model at 10.1
months. Growth of particular parts of the maxilla are visualised by colour-coding the mean mesh.

in intercanine width in the neonatal cheiloplasty group that was
more similar to the noncleft group, which showed a small increase
during the first months of life. However, the LOP group showed a
decreasing trend following cheiloplasty. The decreasing growth
trend described in patients operated by LOP is widely supported by
several studies [17,22—24]. The decrease of intercanine width
following cheiloplasty could have been caused by surgery timing,
because the moulding effect of neonatal cheiloplasty did not allow
the separated segments to expand in the transverse dimension.

4.2. Geometric morphometric evaluation of maxillary surface
morphology

Our results suggest that the form variability was higher in the
cUCLP patients in the neonatal period (TO) than 10 months after
cheiloplasty (T1). It is known that there is more variability in
macxillary form in cleft patients than in the noncleft population
[28,29]. The moulding effect of cheiloplasty resulted in a decrease
of alveolar cleft width (1—7) and therefore in reduction of form
variability.

Our data also showed distinct growth in both the anterior and
posterior ends of the upper jaw segments after neonatal cheilo-
plasty. Similar results were described by Huang et al. (2002) in
patients operated by an LOP at 3 months of age. These results imply
that cheiloplasty did not prevent posterior growth of the upper jaw
segments whether the operation was performed during the
neonatal period or at 6 months. Other studies [17,21,23,30] have
described growth in the posterior ends of the upper jaw segments,
but not in the anterior parts.

It is apparent that the reduction in alveolar cleft width reported
by many studies [17,18,24,31] was affected by the pressure of the
repaired lip. Contrariwise, our data showed that this reduction was
caused by a combination of the moulding effect of the repaired lip
and also by growth localised at the anterior ends of both upper jaw
segments. Our data also showed no significant change in inter-
canine width, so it is apparent that the reduction of alveolar cleft
width was not caused by narrowing of the upper jaw arch.

It is important to continue the study of the same cUCLP patients
in the future, because the resulting favourable development could
be discontinued by palatoplasty, which can disrupt the palatal

58



76 E. Hoffmannova et al. / International Journal of Pediatric Otorhinolaryngology 90 (2016) 71-76

growth pattern.
5. Conclusion

The aim of our study was to evaluate growth changes in cUCLP
patients after cheiloplasty and to compare the results with pub-
lished data of noncleft patients and patients operated by the LOP (at
6 months). Both width and length dimensions—except intercanine
width—increased significantly during the 10 months postsurgery.
Important growth concerned the anterior and posterior ends of
both upper jaw segments, and growth was more pronounced in the
noncleft upper jaw segment. Anterior growth combined with the
formative effect of the reconstructed lip resulted in a reduction in
anterior cleft width and a consequent reduction of the upper jaw
defect. The maxillary segments 10 months after neonatal cheilo-
plasty in cUCLP patients shared almost the same growth tendency
as noncleft controls.

Based on our findings, we were unable to prove that neonatal
cheiloplasty causes any reduction in size of the separated segments.
Overall, the growth tendency was more similar to noncleft patients
than to patients operated by the LOP.
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ARTICLE INFO ABSTRACT
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Unilateral cleft lip and palate
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3-D geometric morphometrics
Classical morphometrics

Objectives: This prospective morphometric study evaluated the growth of the upper dental arch in UCLP patients
after early neonatal cheiloplasty and compared the selected dimensions with published data on non-cleft controls
and on later operation protocol patients.

Methods: The sample comprised 36 Czech children with nonsyndromic complete UCLP (cUCLP) and 20 Czech
children with nonsyndromic incomplete UCLP (UCLP + b). 2-D and 3-D analyses of palatal casts were made at
two time points: before neonatal cheiloplasty at the mean age of 3 days ( = 1 day), and 10 months after surgery
at the mean age of 10 months ( = 1 month).

Results: The upper dental arch of cUCLP and UCLP + b patients showed similar developmental changes, but the
cleft type influenced growth significantly. The initial high shape variability in cUCLP patients diminished after
10 months, and approached the variability in UCLP + b patients. Both the width and length dimensions in-
creased after surgery. Important growth concerned the anterior ends of both segments. The width and length
dimensions illustrated similar growth trends with non-cleft controls and UCLP patients who underwent later
cheiloplasty.

Conclusion: Early neonatal cheiloplasty caused no reduction in the length or width dimensions during the first
year of life. Our data suggest a reconstructed lip has a natural formative effect on the actively growing anterior
parts of upper dental arch segments, which cause narrowing of the alveolar cleft.

1. Introduction neonatal cheiloplasty include outstanding wound healing with barely

visible scars, facililiation of feeding, child socialisation, and dealing

Orofacial clefts are associated with serious developmental anoma-
lies of both hard and soft tissues [1-4]. The growth disturbance of the
maxilla is typical in UCLP patients [5] and is suspected to result from
congenital hypoplastia, and growth deficiency caused by scar formation
resulting from lip or palatal repair [6].

Treatment of cleft patients starts with surgical repair of the cleft lip
and/or palate with special attention to the soft tissues of the lip and
nose [7,8]. The repair of the lip physiologically restores the continuity
of the upper lip musculature [9]. Nowadays, cheiloplasty is performed
more and more often in neonates during the first week of life, but
widely accepted timing for surgical treatment is still between 3 and 6
months of age [10,11]. Such neonatal cheiloplasty solves the problems
resulting from the cleft lip as soon as possible. The essential motive for
proposing neonatal surgery is the psychosocial impact on mother —
baby interaction and other family members [11-13]. Benefits of
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with OME (otitis media effusion) [9,10,12,14,15]. It is argued that the
later operation protocol (LOP) — performed between 3 and 6 months of
age — yields better aesthetic results since the postnatal increase in size
of anatomic structures allows their easier accessibility and manipula-
tion during surgery [16], but early neonatal cheiloplasty performed by
an experienced surgeon has similar aesthetic and orthodontic results
[17].

Treatment outcome and favourable or unfavourable growth of
upper dental arch can be also anticipated according to the initial se-
verity of the cleft deformity [18] where patients having a small alveolar
cleft develop a more protruded (i.e., less hypoplastic) maxilla than
those with a large alveolar cleft [19].

A new method (a modification of the method of Tennison) has re-
cently been employed for surgical repair of unilateral cleft lip in new-
borns with UCLP operated during the first week of life [9]. The
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modification consists of using two tissue flaps from the margins of the
cleft lip to deepen the oral vestibule (VF) and floor of the nasal vestibule
and to bring extra tissue to the suture region (NF).The Tennison's flap
was used to complete the shortened philtrum on the cleft side. This
provides a suture with minimum tension of the lip tissue after surgery.
The orbicularis oris muscle was isolated and nasal septum was reposi-
tioned. The rotated and dislocated nasal alar cartilage on the cleft side
was released and its position and shape corrected. .A more detailed
description of neonatal cheiloplasty was published in our previous re-
port [14].

The aim of our current study is to evaluate and compare growth of
the upper dental arch in patients with different cleft types before and
after neonatal cheiloplasty using two-dimensional (2-D) and three-di-
mensional (3-D) methods.

2. Patients and methods

This prospective study is part of a long-term research project fo-
cused on the influence of neonatal cheiloplasty on growth and devel-
opment of the face. The study was based on morphometric analysis of
plaster casts of the upper dental arch of 56 patients of Czech origin with
nonsyndromic UCLP: 36 of the patients had complete UCLP (cUCLP)
and 20 patients had UCLP with either a soft or a combined tissue bridge
(UCLP + b). The soft and combined tissue bridge groups were grouped
together, since no significant differences between the groups were
found. The persisting tissue bridge is located at the lower margin of the
nostril and soft tissue and skeletal bridge across the anterior maxilla.
The soft tissue adhesions connect the divided maxillary fragments in the
absence of the bony union of the maxillae at the cleft side.

Two plaster casts were available for each patient, one taken before
cheiloplasty at the mean age of 3 days ( + 1 day) - age 0, the other at
the mean age of 10 months ( + 1 month) - age 1. The plaster casts were
made under anesthesia. The surgery was performed by the same sur-
geon within the first week of life.

The plaster casts were scanned using a Breuckmann SmartScan
scanner (Aicon 3D Systems GmbH, Braunschweig, Germany) with a
resolution of 0.1 mm. The meshes were edited using RapidForm XOS
software (INUS Technology, Inc, Seoul, Korea).

Morphometric analysis was based on 11 landmarks that were placed
on each model according to a modified approach developed by
Mazaheri et al. [20] (Fig. 1). Furthermore, six linear measurements and

Fig. 1. Reference points on the alveolar arch. 1- the most distal point on the edge of the
alveolar segment on the noncleft side; 2 - tip of the ridge on the line between labial
frenulum and incisive papilla; 3 - mesial margin of canine swelling on the noncleft side; 4
- distal margin of canine swelling on the noncleft side; 5- distal margin of swelling of the
molar swelling on the noncleft side; 6 - tuberosity point on the noncleft side; 7 — the most
mesial point on the edge of the alveolar segment on the cleft side; 8 - distal margin of
canine swelling on the cleft side; 9 - distal margin of molar swelling on the cleft side; 10 -
tuberosity point on the cleft side. 11- reference point on the base of the perpendicular line
from reference point 2 to the line connecting segment of reference points 6 and 10.
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one angular measurement were taken: 1-7 (alveolar cleft width), 5-9
(inter-molar width), 4-8 (intercanine width), 4-6 (molar region length
on the noncleft side), 8-10 (molar region length on the cleft side), 6-10
(intertuberosity width), £1-3 — 7 (anterior basal angle), and 2-11
(palatal length). Landmark placement and all further processing was
performed using Morphome3cs software (www.morphome3cs.com).
Landmark placement error was determined [21] at 0.15 mm.

In order to evaluate changes in size during the studied period, the
differences in measurements and the post-treatment changes in di-
mensions between cleft types (cUCLP and UCLP + b) were tested using
Student's t-test. Statistical significance was decided at a = 0.05.

Both cUCLP and UCLP + b groups were further subdivided by cleft
severity inferred from cleft width at age 0, into three subgroups: mild
(0-5 mm, N = 22), moderate (5-10 mm, N = 16), and severe
(> 10 mm, N = 18). Two-way analysis of variance (ANOVA) was used
to verify the effect of cleft type (cUCLP or UCLP + b) and cleft severity
(mild, moderate, severe) on the measurements. We also tested the in-
teraction between the two factors. The differences between the speci-
fied measurements before and after treatment in both cleft groups were
used as the dependent variable.

Selected dimensions were compared to those of non-cleft control
groups and UCLP patients operated following the LOP (3-6 months of
age). The control group data and the data of the later cheiloplasty
groups were taken from Kramer et al. [22].

In order to perform statistical analysis on the surface data, vertex
homology among the meshes had to be created; the following outlines
the applied procedure. We used dense correspondence analysis (DCA),
described by Hutton et al. [23], which transfers the topology of an
arbitrarily-selected base mesh to all other meshes. In effect, all meshes
were resampled in a way that creates homologous vertices, which can
be treated as landmarks in further processing; therefore, they are
dubbed quasilandmarks. Note, that before further processing, all sur-
faces were aligned to a common mean, using generalized Procrustes
analysis (GPA) on their landmarks.

Principal component analysis (PCA) was performed on the quasi-
landmark coordinate matrix to reduce the dimensions of the data, while
simultaneously minimizing the loss of information. The transformed
specimens and confidence ellipses denoting group variability for both
cleft types and ages were visualized in a PCA scatter plot.

Taking advantage of the availability of two plaster casts for each
patient (taken in the first week and at 10 months of age), we modelled
the longitudinal growth of the upper dental arch in each cleft type
(cUCLP and UCLP + b) during the first 10 months after early neonatal
cheiloplasty. The registered vertex coordinates of pre- and post-treat-
ment stages were subtracted, which produced the growth displacement
fields. The mean growth was visualized as a colour map along with pre-
and post-treatment mean surfaces. Colour encodes the distance tra-
velled by each particular feature during growth, with blue denoting
little growth, and red indicating extensive growth.

3. Results
3.1. Shape variability

Shape variability of the upper dental arch in patients with cUCLP
and UCLP + b was analysed by PCA of the respective shape variables.
Their scores in the first two principal components (PC1, PC2) are
showen in a scatter plot (Fig. 2). The shape variation explained by PC1
is 28.8% and 10.7%. by PC2. Each specimen appears twice in the plot:
first, at age O and second, at age 1. The shape variability of the more
serious cleft type (cUCLP) group at age 0, is notably larger than in the
other three groups. The shape difference between cUCLP and UCLP + b
at age 0 is mostly explained by PC1. Ten months after surgery, the
shape variability of both cleft types decreased considerably. PC1 shows
the decrease in alveolar cleft width and in shape variability of the upper
dental arch, both of which are more apparent in the cUCLP group than
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Fig. 2. Shape variability of both cleft groups in 2 age categories described by PC1 and PC2. Each specimen (cUCLP, UCLP + b) appears twice, i.e., first, during the first week of life (age
0), and second, at approximately age of 10 months (age 1). Confidence ellipses for groups at 95% level were included.

the UCLP + b group 10 months after surgery. This implies that shape
parameters of the upper dental arch in cUCLP patients approached the
shape parameters in the patients with a less serious cleft type
(UCLP + D).

3.2. Size changes

We used ANOVA to evaluate the possible individual or combined
effects of the cleft type (cUCLP and UCLP + b patients) and cleft se-
verity (mild, moderate, severe) on growth of the upper dental arch
segments during the first year of life (Table 1). The results indicated
significant effects of cleft type, cleft severity, and of interaction between
cleft type versus cleft severity on the reduction of alveolar cleft width
(1-7) and anterior basal angle (1-3 -7), and on the increase of the in-
tertuberosity width (6-10) 10 months after surgery. There was also
significant effect of cleft severity and cleft type on intercanine width
(4-8). No other dimensions were significantly influenced by the cleft
type, cleft severity, or their interaction.

Table 2 shows differences in the changes of maxillary dental arch
dimensions during the first year of life between the cUCLP and

Table 1
Summarized Two-way ANOVA (F value) for cleft status and cleft severity and their in-
teraction.

Variable difference Cleft status Cleft severity Interaction
1-7 45.027%*= 77.2%%% 28.25%**
8-10 1.64 2.40 1.38
5-9 3.46 3.76 3.05
4-8 4.84* 7.68** 2.94
4-6 0.56 0.34 0.63
6-10 12.08** 7.43%* 4.41*
2-11 3.27 1.37 0.68
1-3-7 21.66%** 38.39%** 16.61%**

*p < 0.05.

#p < 0.01.

***p < 0.001.

Table 2
Differences in changes of linear (mm) and angular (°) measurements of maxillary dental
arch during the first year between both cleft groups.

cleft type dimension cUCLP UCLP + b p value
X = SD X = SD
1-7 5.22 + 3.44 1.99 + 2.57 o
8-10 4.64 + 2.61 3.50 + 2.61 NS
5-9 3.05 + 2.23 4.06 = 2.48 NS
4-8 0.01 = 2.71 1.42 = 2.81 NS
4-6 3.67 + 2.24 3.08 + 4.41 NS
6-10 215 = 1.71 471 = 215 o
2-11 291 + 2.25 1.46 = 2.78 NS
1-3-7 10.73 + 7.57 4.74 + 5.21 ok

NS (not statistically significant).

UCLP + b groups. There were no significant differences in intermolar
width (5-9), intercanine width (4-8) or palatal length (2-11). In
comparison with the UCLP + b patients, the cUCLP patients (i.e. more
serious cleft type) showed a greater change in the anterior limits of the
upper dental arch segments during the first year of life: greater degree
of reduction in the mean alveolar cleft width (1-7) and the anterior
basal angle («1-3 - 7), this reduction was more pronounced with in-
creasing cleft severity. On the other hand, the UCLP + b patients ex-
hibited a more pronounced enlargement of the mean intertuberosity
width (6-10), which became more distinct with decreasing cleft se-
verity (Table 1).

The dimensions in our neonatal cheiloplasty group (intercanine and
intertuberosity widths, palatal length) were compared with similar
published data from a non-cleft group and an LOP group [22] (Fig. 3).
This comparison was only descriptive and indicated that the upper
dental arch in neonatal cheiloplasty groups (cUCLP and UCLP + b)
showed growth trends depicted by the curve courses that were similar
to the non-cleft group and to the LOP group. The exception was the
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B. Intertuberosity width
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Fig. 3. Comparison of the growth of the upper dental arch in cleft and non-cleft groups. Three mean linear maxillary dental arch measurements (A-C) were taken at different ages (x axis)
and demonstrate the corresponding size of the upper dental arch (y axis) in cUCLP, UCLP + b and control groups. Early neonatal cheiloplasty groups (present data) are compared with the
published data on later operation protocol (LOP) or noncleft groups (control). A — Intercanine width; B — Intertuberosity width; C- Palatal length.

growth trend of the intercanine width in the cUCLP patients, where the
LOP group showed the opposite trend to the neonatal group.

3.3. Segment growth visualization

Using pair analysis, we modelled the growth of the upper dental
arch in the cUCLP and UCLP + b groups during the first year of life
using colour-coded maps (Fig. 4). In the cUCLP patients (Fig. 4A-C),
distinctive growth was observed in the anterior part of both segments,
resulting in decreasing anterior cleft width. In addition, the posterior
parts of both segments were growing, more noticeably on the noncleft
side. In the UCLP + b patients (Fig. 4D-F), the most distinct growth
concerned the posterior parts of the segments. Growth of the anterior
part of the segments was the same as in the cUCLP patients.

4. Discussion

The aim of current study was to evaluate the growth of the upper
dental arch in cUCLP and UCLP + b patients, to determine whether
cheiloplasty has negative effect on growth of the upper dental arch and
to statistically test the effects of the cleft type and severity on the
growth of the upper dental arch.

Evaluation of the size and shape changes in the upper dental arch
segments using 2-D and 3D methods showed apparent growth in the
anterior and posterior parts of the split segments, in both cleft types.

4.1. Benefits of neonatal cheiloplasty

The early neonatal cheiloplasty has many benefits such as good
aesthetic results of the lip scars, the appearance of the nose [10] and
better child socialisation. In addition to above mentioned benefits, early
neonatal cheiloplasty helps to deal with OME (otitis media effusion),
which affects 92-97% of children with cleft palate in the first year of
life. The high incidence of OME in cleft palate patients has largely been
attributed to Eustachian tube (ET) dysfunction [15]. This dysfunction is
primarily related to the inability of the TVP (tensor veli palatine)
muscle to dilate the ET actively during swallowing. This appears to be
the major factor responsible for the pathogenesis of OME (otitis media
with effusion) in the population [24]. Contributory factors could also be
failure of the Eustachian tube to close [25] or increased inclination to
middle ear infection [26]. Early and active treatment results in main-
taining normal hearing levels in the very critical years of language,
speech, and cognitive development. It also prevents irreversible
changes of the middle ear's structures in form of severe type retractions,
or development of the chronic otitis with cholesteatoma [27]. The high
frequency tympanometry and otoacustic emmissions (OAE) was per-
formed in patients under general anesthesia before the early neonatal
cheiloplasty and in the case of the presence of a secretion in mid ear
cavity, otomicroscopy and evacuation of the fluid was performed.

4.2. Correlation between cleft type and severity

Several studies [18,28,29] have documented cleft severity as an
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Fig. 4. Growth of the upper dental arch in the first year of life modelled by pair analysis. cUCLP patients (A-C), UCLP + b patients (D-F). A, C — Mean 3D model before early neonatal
cheiloplasty. C, F - Mean 3D model at the age of 10 months. B, E — Growth visualization using mean distances of homologous vertices on neonatal and 10-month surfaces. The growth

distances are visualized by colour-coding the mean mesh.

essential variable that might affect surgical and growth outcome.
Kramer et al. [30] reported that alveolar cleft width, which is greater in
cUCLP patients than in UCLP + b patients, decreased during develop-
ment more in the cUCLP than in the UCLP + b patients. These findings
were confirmed in our study. Furthermore, we found, that the para-
meters characterising the pathological maxillary protrusion - alveolar
cleft width and anterior basal angle — were more pronounced with in-
creasing cleft severity before cheiloplasty. A significant effect of cleft
severity on the negative relationship between cleft size and palatal
length was found in many studies [18,28,31], but our results showed
that palatal length did not correlate with cleft severity.

4.3. Growth of the upper dental arch after cheiloplasty

Studies evaluating growth changes of the upper dental arch after
later cheiloplasty (performed at age 3-6 months) have reported a de-
crease in intercanine width in cUCLP patients [6,22,32,33]. In both our
groups (cUCLP, UCLP + b), we found a non-significant increase in
intercanine width. The growth trend of the intercanine width in our
patients was more similar to the physiological growth trend in the non-
cleft control groups [22,34]. An explanation could be that our patients
were operated using a different surgical procedure—modified from the
method of Tenisson — which brings extra material to the suture region
and reduces lip tension [14].

The intertuberosity width and palatal length significantly increased
in both groups during the monitored period, as in other studies
[6,22,32,33]. Apparently, surgery performed at 3-6 months [22,33,35]
and early neonatal cheiloplasty result in similar growth trends of in-
tertuberosity width and palatal length.

4.4. Reduction of variability of the upper dental arch configuration

It is known that shape variability of the upper dental arch is higher
in cleft patients than in the noncleft group [36]. PCA of the upper
dental arch configuration in cUCLP patients (aged 0 and 1), together
with that of UCLP + b patients of the same ages showed that shape
variability of the upper dental arch in cUCLP patients at age 0 was
much higher than in other groups, but it had also decreased more sig-
nificantly by 10 months post-surgery. The method of approximating the
variability in the cUCLP and UCLP + b groups suggests that the upper
dental arch in patients with a more serious cleft type (cUCLP) tended to

converge to a shape similar to that of patients with a less serious cleft
type (UCLP + b). In our previous study [37] we observed similar results
in cUCLP patients, where the initial variability decreased during 10
months following cheiloplasty.

4.5. Anterior growth of the upper dental arch segments

Huang et al. [6] have found growth in both the anterior and pos-
terior parts of the upper dental arch after later cheiloplasty (3 months).
Our data showed similar results after the early neonatal cheiloplasty.
This indicates that neonatal lip closure did not prevent growth in the
anterior part of the upper dental arch.

An occlusive effect of the reconstructed lip has been reported during
formation of the upper dental arch [38]. We used pair analysis to vi-
sualise the growth of the segments following early neonatal cheiloplasty
in both cleft groups (cUCLP, UCLP + b). These methods, together with
2-D measurements, showed increases of the width and length dimen-
sions of the upper dental arch. This was accompanied by a reduction of
the alveolar cleft width (1-7) and anterior basal angle (£1-3 - 7). The
contemporaneous increase of the width dimensions of the upper dental
arch including the intercanine distance suggest that the reduction of the
alveolar cleft and anterior basal angle were not caused by a narrowing
of the upper dental arch. Instead they support the natural formative
effect of the reconstructed lip on the actively growing anterior parts of
split segments, which grew towards each other narrowing the cleft in
the upper dental arch.

5. Conclusion

The lip suture did not prevent growth of the upper dental arch
anteriorly, and it caused no narrowing of the upper dental arch. The
results also demonstrated moderate differences in the upper dental arch
growth after neonatal cheiloplasty between the children with UCLP and
UCLP + b. The shape variability of the more serious cleft type (cUCLP),
is considerably larger in neonatal period than in the less serious cleft
type (UCLP + b), but after 10 months the shape variability in cUCLP
patients decreased and approached the shape variability in UCLP + b
patients.

Our data suggest that the reconstructed lip exerts a natural for-
mative effect on the actively growing anterior parts of split segments,
which grow towards each other thus narrowing the alveolar cleft in the
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upper dental arch. The reduction of the alveolar cleft (gap) correlated
with increasing cleft severity.
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Purpose: To evaluate the facial morphology of pre-school patients with various types of orofacial cleft
after neonatal cheiloplasty in pre-school aged children; and to compare facial variability and mean shape
with age-corresponding healthy controls.
Materials and methods: The sample included 40 patients with unilateral cleft lip (CL), 22 patients with
unilateral cleft lip and palate (UCLP), and 10 patients with bilateral cleft lip and palate (BCLP). Patients
were divided into two age categories, with a mean age of 3 years and 4.5 years, respectively. The group of
healthy age-matched controls contained 60 individuals. Three-dimensional virtual facial models were
evaluated using geometric morphometry and multivariate statistics methods.
Results: Statistically significant differences were found between each of the cleft groups and the controls.
Color-coded maps showed facial shape deviations, which were located mainly in the nasal area and
philtrum in all groups examined, and also in the buccal region and the chin in patients with UCLP or
BCLP. These differences became more apparent, but not significantly so, in the older age category.
Conclusion: Facial deviations typical of patients with clefts were observed in all of the patient groups
examined. Although the analysis showed statistically significant differences in overall facial shape be-
tween patients and controls among all groups tested, the facial morphology in patients who have un-
dergone only neonatal cheiloplasty (CL) is influenced to a small extent and may be considered
satisfactory. More severe cleft types (UCLP, BCLP) together with palatoplasty, are reflected in more
marked impairments in facial shape.

© 2016 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

During normal craniofacial growth, the oronasal components
fuse together and form facial structures including the palate and lip

Orofacial clefts are among the most common types of
congenital structural malformations worldwide. The incidence
varies from 1/500 to 1/2500 cases, depending on geographic
location and ethnicity (Schutte and Murray, 1999; Vanderas,
1987). In persons of white ethnicity, the figure is between 1/600
and 1/700 (Murray, 2002; Tolarova and Cervenka, 1998; Vlastos
et al., 2009).

* Corresponding author. Department of Anthropology and Human Genetics,
Faculty of Science, Charles University in Prague, Vinicna 7, 128 44 Prague 2, Czech
Republic.

E-mail address: martina.dadakova@gmail.com (M. Daddkova).
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(Weinberg, 1994). Any alteration during the process can disrupt or
prevent the closure of components at the right time, and thus result
in clefting. Consequently, the skeletal and tissue growth of the
whole area is affected negatively (Diah et al., 2007; Weinberg,
1994),

Primary surgical closure of the soft tissue of the lip and nose (i.e.,
primary cheiloplasty) is the first and probably the most discussed
step in the treatment of patients with a cleft lip or cleft lip and
palate (Habel et al., 1996; Schutte and Murray, 1999). The main aims
of primary surgical treatment are the restoration of orofacial tissue,
which enables normal functioning such as feeding, and recon-
struction of facial appearance (Borsky et al., 2012). If the defect is

1010-5182/© 2016 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights reserved.
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more severe or is combined with cleft palate, other surgeries usu-
ally follow (Habel et al., 1996).

The worldwide accepted timing range for performing primary
cheiloplasty is between 2 and 6 months of age; it is usually done at
3 months of age (Harris et al., 2010; Mcheik et al., 2006). In the past
20 years, the idea of performing surgery at an alternative time, early
in the neonatal period (i.e., within approximately 10 days of birth)
has emerged. It has been suggested that a successful surgery per-
formed earlier in life can minimize the negative impact (especially
psychosocial) of the cleft (Goodacre et al., 2004).

The advantages and disadvantages of such early surgery are
often discussed in the literature. The original concerns were related
especially to the safety of general anesthesia at such an early age.
However, no difference was found in the probability of cardiac ar-
rest or occurrence of perioperative complications between neo-
nates and 3-month-old children (Bhananker et al., 2007; Murat
et al., 2004).

Moreover, it has been suggested that healing and scar formation
are different shortly after birth than at later ages (Li et al., 2014).
During intrauterine development, instead of scarring, fetal fibro-
blasts deposit matrix in a pattern that resembles normal skin
(Adzick and Lorenz, 1994). This process, called scarless healing, can
persist even after birth for a short period of time. Thus, an earlier
timing of surgery can be beneficial for healing and also for the
overall appearance of the cleft area (Adzick and Longaker, 1992;
Borsky et al., 2012). The aesthetic results of the surgery are as
good as in patients undergoing delayed surgery. This implies that
surgeons are equally able to achieve a favorable outcome regardless
of the timing of the repair (Goodacre et al., 2004).

Psychosocial advantages speak in favor of neonatal timing as
well. Parents prefer to bring their neonate home with no visible
deformity. Immediate closure of the cleft also simplifies feeding of
the infant and thus, later, it can even have a positive impact on
weight gain and normal growth (Borsky et al., 2012).

Overall, the current literature mostly agrees on the benefits of
neonatally performed cheiloplasty (Akin et al., 1991; Goodacre
et al., 2004; Harris et al., 2010; Borsky et al., 2012; Petrackova
et al., 2015). Despite this, not much has been written about
growth and development of the face itself after the procedure and
in later years. The initial results suggest that the data acquired on
maxillary growth after neonatal surgery (Borsky et al., 2012) are
consistent with findings obtained on a group of patients operated
on at an average age of 3.2 months (Huang et al., 2002). According
to Akin (Akin et al., 1991), neonatal surgery has a significantly
positive occlusive effect on the alveolar arch, which does not need
further surgical correction.

This study aimed to evaluate facial morphology in various pre-
school age patients with orofacial cleft who underwent neonatal
cheiloplasty, in comparison with healthy controls of corresponding
ages.

2. Materials and methods

This study was approved by the Ethics Committee of The Insti-
tutional Review Board of Charles University, Faculty of Science. The
study was performed in accordance with the guidelines of the
Declaration of Helsinki. Declaration and informed consent forms
were signed by parents/legal representatives of the children before
any intervention.

The participants in this study included patients with unilateral
cleft lip (CL), unilateral cleft lip and palate (UCLP), and bilateral cleft
lip and palate (BCLP). Individuals with atypical clefts or associated
syndromes were not included. All patients underwent surgery at
the Faculty Hospital Motol, Prague, Czech Republic, by the same
surgeon. Primary cheiloplasty was performed using the same

modified Tennison method within the first 8 days (or, exceptionally,
14 days) of life. Palatoplasty in the UCLP and BCLP groups was
performed at a mean age of 10.21 months using the Furlow tech-
nique. The cleft patients studied consisted of two separate age
categories, a younger category with a mean age of 3 years (2.5—-3.7
years) and an older category with a mean age of 4.5 years (4.0—5.0
years); both categories contained subgroups with each of the three
cleft types. The younger age category consisted of 42 patients
(26 CL, 12 UCLP, 4 BCLP) and the older age category 30 patients
(14 CL, 10 UCLP, 6 BCLP).

A control group of healthy children, from preschools in Letna
and Hrabdkova in Prague, were in the same age range as the patient
group; the younger category comprised 22 individuals, the older 38
individuals.

Methods of geometric morphometry applied to three-
dimensional (3D) facial scans allowed us to evaluate the facial
surface in its entirety and to assess even minor changes precisely.

For the analysis, 3D facial models were used. Images were ac-
quired by a noninvasive optical technique, using a high-resolution
Vectra 3D scanner (Canfield Scientific, Inc.,, Fairfield, NJ, USA).
During capture, each participant was seated in front of the scanner
with the head in a natural position; the patient was asked to make a
neutral facial expression. The final 3D facial model was generated
using the associated software Mirror PhotoTools (Canfield Scienti-
fic, Inc.). Afterwards, each model was imported into the software
RapidForm 2006 (INUS Technology Inc., Seoul, Korea) for further
processing, which involved manual trimming of unwanted data or
noise, filling holes in the model, and decimation.

Before statistical processing, vertex homology had to be
enforced in the entire sample of surfaces. To that end, we used CPD-
DCA (Dupej et al., n.d.), a modification of the original dense cor-
respondence analysis (DCA) algorithm by Hutton et al. (2001). In
contrast to DCA, which relies on landmark-fitted spatial de-
formations, CPD-DCA uses an automatic nonrigid registration al-
gorithm coherent point drift (CPD) to find corresponding vertices,
which results in more accurate correspondences outside the
convex hull of the landmarks.

The processing started with rigid registration of the surfaces.
Nine landmarks (exoR = right exocanthion; exoL = left exocan-
thion; enR = right endocanthion; enL = left endocanthion;
N = nasion; Pn = pronasale; chR = right cheilion; chL = left
cheilion; Pg = pogonion) were manually placed on every model,
according to Hutton et al. (2001). Generalized Procrustes analysis
(GPA) was performed on these landmarks and the resulting
transformations were used to rigidly align the entire meshes.
Next, a template mesh, called a base, was arbitrarily selected from
the sample, as reported by Hutton et al. (2001). As long as the
mesh had an even coverage of vertices, its choice had negligible
bearing on the subsequent statistics. Then, the base was registered
to each non-base mesh (called floating) with an automatic
nonrigid algorithm. After registration, the closest points to the
deformed base were found on the floating mesh, and these were
considered homologous to the base's vertices. Because of this
assumed homology, these vertices are dubbed quasi-landmarks.
Poor correspondences were detected by ascertaining triangle
compaction, and such quasi-landmarks were removed from
further processing.

Finally, principal components analysis (PCA) was performed on
the vertex coordinate matrix to reduce data dimensionality. Quasi-
landmarks that were improperly matched were removed from the
PCA and therefore did not introduce any unwanted variability. For
purposes of visualization, these quasi-landmarks were imputed
with a thin plate spline-based approach (Dupej et al., n.d.). This
entire process was performed using the software suite Morpho-
me3cs (http://www.morphome3cs.com/).
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Shape variability was analyzed using PCA. Scatter plots with 95%
confidence ellipses were plotted to visualize shape variability. PCA
was calculated on shape variables, that is, size was normalized to
unity in each subject.

Using PCA scatter plots, we observed the differences in vari-
ability between the group of patients as a whole and the group of
controls as a whole, then between separate age categories, and
finally among all cleft types and controls.

To assess the statistical significance of differences in shape
among the separate groups, the Hotteling T-square test was per-
formed on the PCA scores. A broken-stick criterion was used to
determine the number of significant components included in the
analysis (Peres-Neto et al., 2005). All analyses were performed in
Morphome3cs.

To observe differences in facial shape between subgroups in the
anteroposterior direction, we used tools available within Morpho-
me3cs. Average faces for each group were constructed (Fig. 1). First,
color-coded distance maps were used to visualize and to quantify
shape differences between average shells. Generally, the more
protrusive (anterior) placed parts of the shell are coded in red, the
more deeply (posterior) situated parts are in blue, and parts with no
difference are marked in green.

Using the shell distance significance tool in Morphome3cs, we
were able to visualize statistically significant differences in shape
between selected subgroups. This tool operates by calculating two-
sample t-tests on shell distances from the grand mean surface over
two groups of individuals. The corresponding p-values were visu-
alized on the surfaces; areas with significant differences were
coded in shades of blue, depending on the p-value.

Finally, to test the differences in intercanthal width, two-way
analysis of variance and the Tukey honest significant difference
(HSD) test were performed.

3. Results

We obtained an initial insight into the variability of shape in the
cleft and control groups through scatter plots of the principal

3
3

Fig. 1. Average face shape regardless of age of (A) controls, (B) CL group, (C) UCLP group, and (D

component scores. The broken-stick method indicated that the first
7 principal components (PCs) should be kept for statistical pro-
cessing. A plot of scores in PCs 1 and 3 shows substantial overlap
(Fig. 2A). We found that the most apparent separation of the groups
could be observed between PCs 6 and 7 (Fig. 2B). It would follow
that, as the PCs progressively decrease in the amount of variability
explained, the differences among the groups are likely to be of a
localized nature, as opposed to the pronounced variation in overall
shape that would be captured in PCs with lower indices. Further-
more, the cleft groups exhibited a greater variability in the PC
scores (Fig. 2).

Next, with Hotelling T2 tests on PC scores, we found that, in each
cleft or control group, the shape means did not differ significantly
between age categories. We therefore combined the data points
from the 3- and 4-year-old subsamples. In Fig. 2, the groups are
shown without regard to age.

Further testing of cleft group means against the control, with the
Hotelling T2 test, revealed statistically significant differences in all
of the cases tested (p < 0.001). Even in the case of the least severe
cleft type (CL), the differences in corresponding PCA scores were
significant.

After having established the presence of shape differences in
specific groups of specimens using PCA scores, we inspected the
differences in shape calculated per-vertex in Morphome3cs to
pinpoint the areas on the surfaces that cause these results. The
mean facial surface for each control/cleft type is presented in Fig. 1.

Fig. 3 shows color-coded maps for all group comparisons. First,
we checked the influence of age on the facial shape within cleft/
control groups (Fig. 4). We observed that those differences mostly
concern the forehead (control, CL, BCLP) and the buccal region (CL).
Interestingly, the facial shape appears not to undergo significant
changes in the areas that we expect to be affected by the cleft, such
as the nose or philtrum.

Next, we assessed the visualization of differences between
controls and patients with clefts (Fig. 3). We noted that the patients
with CL (Fig. 3A,D) had more prominent tissue on the cleft side of
the upper lip, due to the postoperative scar. Also, the nostril on the

3
3

) BCLP group.
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Fig. 3. Color-coded maps, shell distance significance maps and profile views (black = cleft group; red = controls) of the control face and (A) CL average face, (B) UCLP average face,
(C) BCLP average face, mean age 3 years; (D) CL average face, (E) UCLP average face, and (F) BCLP average face, mean age 4.5 years.

corrected side was somewhat wider. One could also observe a
flatter and less concave nasal root and a slightly less prominent
chin, when compared with the control group of appropriate age.
Albeit nonsignificant, the nasal tip also appeared less prominent
than in the controls. The observed differences were less pro-
nounced in the younger age category.

Unlike the CL group, there was a marked deviation of shape in
UCLP patients, when compared with controls, in the area of the
upper jaw (Fig. 3B,E). Whereas the upper part of the cleft area was
on the same level as the upper jaw tissue in controls, the sur-
rounding parts were situated relatively deeply in patients with
UCLP. The tissue insufficiency extended to the buccal region,
especially on the cleft side; this was more significant in the older
group. However, there was more protrusion of the mental region in
older patients with UCLP. The areas of the nasal root, nasal bridge,
and nasal tip and the asymmetry of the alar base with the wider
repaired nostril followed the same pattern as in the CL group. In the
older category, the area of the nasal root was less concave than in
controls and the nasal tip was less prominent, in this group, which
was significant.

The differences between patients with clefts and the control
group were most marked in the BCLP group (Fig. 3C,F). Flattening of
the nasal root area was observable in both age categories, as was
widening of the nasal bridge. The alar base was markedly wider on
both sides. The area of the premaxilla is in significant protrusion in
BCLP. Other protrusions are to be found in the lower lip, which was
more pronounced in the older group. Buccal areas were flattened
and deepened; concurrently, the forehead was less protruding,

especially near the midline. In the younger category, the orbital
region was more prominent (nonsignificantly) and, in the older
category, protrusion of the chin and lower lip were apparent.
Finally, we tested the differences in intercanthal width among
cleft types and age groups. This was done to learn whether the
intercanthal distance changes with the flattening of the nasal root.
Analysis of variance did not confirm the influence of age (p = 0.769)
or cleft category (p = 0.165). The post hoc test indicated that there
was no difference in intercanthal width between any combination
of age and cleft type, with the exception of 3-year-old patients with
UCLP when compared with 3-year-old controls (p = 0.032). In the
CL and BCLP groups, that dimension was on average slightly greater,
although the difference was not confirmed with the Tukey HSD test.

4. Discussion

Although currently there is no surgical method for cleft lip
repair without at least minor negative consequences on facial
growth, the result of surgery can differ depending on the protocol
used and on various factors such as the timing of the procedure (Shi
and Losee, 2015). However, typical deviations occur later in
development as a result of further growth of the cranium and face,
and are mostly observable some years after surgery. By then, it is
usually not possible to distinguish the effect of primary surgery
from the effect of other surgeries, such as palatoplasty, which the
patient has undergone. Primary cheiloplasty is, however, the most
important factor causing growth disturbances, generally in the
macxillary region (Capelozza et al, 1996). Evaluation of the
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Fig. 4. Color-coded maps and shell distance significance maps describing facial shape differences between age categories for (A) controls, (B) CL group, (C) UCLP group, and (D) BCLP

group.

differences in facial morphology in patients with different types of
cleft may help us to distinguish the influence of primary lip repair
and that of later surgeries.

Our study aims were to assess the development of facial shape
after neonatal cheiloplasty in patients of pre-school age with
different cleft types, and to compare these findings with the facial
morphology of healthy control groups of corresponding ages. Given
that three cleft types were included in our study, we were able to
distinguish the influence of neonatal cheiloplasty only (CL group)
and the influence of neonatal cheiloplasty combined with later
palatoplasty in patients with more severe clefts (UCLP, BCLP). Our
research also aimed to collect a complex dataset suitable for
possible comparison with findings from patients who undergo
cheiloplasty at later ages.

According to the PCA results, the variability in facial shape of all
tested cleft groups and controls overlapped substantially. Although
the UCLP and BCLP groups, with the most severe cleft types, were
visually discriminated from the others by PC3, the trend was
related to only a few individuals. Mostly, the groups in PC1 and PC3
space showed similar distributions. In the space of PC6 and PC7, all
cleft types were partially distinguished from the controls. Our re-
sults thus differ from the findings of Singh et al., who described the
variability of patients with UCLP as following a distribution similar
to that in a healthy control group, even though the shape variation
was larger in their patients (Singh et al., 2007). These differences
could have been caused by the different ages of the patients eval-
uated or by the fact that, in our sample, the patients with clefts
were, in terms of morphology, more similar to controls. According
to Bejdova et al. and Ruskova et al., who studied the variability of
palatal shape in BCLP and UCLP patients and controls, PCA showed
that variability of clefted and nonclefted palatal shapes overlapped
only to a very small extent, and the variability in patients was much
higher than that in controls (Bejdova et al., 2012; Ruskova et al.,
2014). In contrast to our study on facial shape, we can conclude
that the palatal shape in patients with BCLP and UCLP in both of
these studies was more negatively affected than the face.

As described previously, the degree of deviation varies
depending on the severity of the cleft (Honda et al., 1995; Smahel,
1984). According to Bugaighis et al., the most severely affected
groups, in terms of morphology, are those with defects involving
the lip, alveolus, and palate together (UCLP and BCLP) (Bugaighis
et al., 2010). That is in concordance with our results on facial
shape variability.

Using color-coded maps, we could observe evident shape dif-
ferences in comparison with controls in every facial area, even
where the differences were present but not statistically significant.
The observed deviations mostly correspond with typical changes,
as frequently described (Capelozza et al., 1996; Ferrario et al., 2003;
Smahel and Brejcha, 1983).

According to Duffy et al., the growth retardant effect of CLP
surgeries can be manifested transversely as high as the orbital level
and the forehead (Duffy et al., 2000). Consistently, we observed
differences in the forehead area in the UCLP and BCLP groups. The
forehead was less prominent than in controls, as described by Duffy
et al. and Djordjevic et al. Together with other typical traits, this can
contribute to a typically flattened profile (Djordjevic et al., 2012;
Duffy et al., 2000). Although the deviation was observable, the
only group in which the differences in this region reached statistical
significance was the older category of patients with BCLP. There
were no differences in the CL groups at all.

Evaluation of the intercanthal width across groups showed that
significantly greater intercanthal width was found only in the
younger UCLP group in comparison with controls. In the younger CL
and BCLP groups, this dimension was nonsignificantly greater.
Aduss et al. (1971) found a greater increase in interorbital distance
in patients with cleft lip and in those with cleft lip and palate (in
most cases, the increase did not exceed 1 standard deviation) than
in patients with only cleft palate. This finding suggested that the
differences in interorbital distance, although mostly insignificant,
may reflect abnormal development of the nasofrontal process, as
previously mentioned. A greater nasal bridge width, found even in
the CL patients in our study, supported this theory.
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Nasal deformities have always been a fundamental problem in
the treatment of patients with clefts. Even in the least severe (CL)
group, we observed significant widening of the nostril on the
clefted side. In patients with UCLP as well as those with BCLP, the
alar width is most markedly widened on both sides. These are
typical patterns that have been described repeatedly (Ayoub et al.,
2011; Bugaighis et al., 2014, 2010; Duffy et al., 2000). During the
primary surgery, it is not possible to restore the loss of the medial
insertion points of the facial muscles, which may explain these
findings (Zreaqat et al., 2012). In addition, the area of the nasal root
also differed in all groups. In the patient groups, it was less concave
than in the controls, and thus made the facial profile look flatter.
The trait was least marked in younger patients with CL and UCLP
and most marked in the BCLP groups. Flattening of the profile in
patients with cleft is a typical trait that has repeatedly been
described in the literature (Capelozza et al., 1996; Ferrario et al.,
2003).

The maxillary region and the whole mid-facial area are
usually considered to be most problematic in patients with cleft
(Capelozza et al., 1996; Diah et al., 2007). In patients with BCLP,
the deviations are even more severe, owing to premaxilla
displacement (Honda et al., 1995), which is in concordance with
our findings. Even years after surgery, we could observe signifi-
cant protrusion of the philtrum area in the BCLP group. In contrast,
Bugaighis et al. found that, later in development, within the age
category 8—12 years, the upper lip and mid-facial area in the BCLP
group seemed flatter and more retruded (Bugaighis et al., 2014). In
the UCLP group, the maxillary area (with the exception of a pro-
truding scar) was significantly deepened as a result of the growth
deficiency. The deepening overlapped with the buccal region, and
the cheek on the cleft side was more retruded, as has been re-
ported by Djordjevic et al. and Bugaighis et al. (Bugaighis et al.,
2010; Djordjevic et al.,, 2012). Maxillary and buccal retrusion
was also found in the BCLP group, where both cheeks were
deepened approximately equally, as was found also by Duffy et al.
(Duffy et al., 2000). On the other hand, in the CL group, the only
difference in the maxillary region was caused by an anteriorly
pronounced scar. There was no buccal retrusion. This finding
indicated that neonatal cheiloplasty probably has no negative
influence on maxillary development. The insufficient growth of
the midface in patients with UCLP and BCLP is caused by a com-
bination of the severity of the craniofacial defect, which in this
case affects also the hard palate and the surgeries.

Differences in the area of the chin have also been found, in
concordance with findings that even the area of the mandible can
be affected in patients with cleft (Smahel, 1984; Smahel and
Brejcha, 1983); however, in our study, this had no strong pattern.
In older categories of patients with UCLP and BCLP, the chin was
more prominent. On the contrary, in both age categories of the CL
group, the upper part of the chin, under the lower lip, was less
prominent when compared with those of controls.

5. Conclusion

This study indicates that, in terms of facial development,
neonatal cheiloplasty can be performed as an adequate method,
comparable to surgery performed later in life. However, neonatal
cleft lip repair can still be a cause of minor craniofacial growth
impairment. Generally, we have reported shape deviations that
have been repeatedly described as typical of patients with cleft. In
the group of patients with CL, who underwent only a single sur-
gical procedure (neonatal cheiloplasty), the differences in com-
parison to controls were minor and observable only in the cleft
area itself, in the nostril on the cleft side, at the nasal bridge and
on the chin. The area of the maxilla and midface, even though it is

usually the most problematic in cleft patients, was not affected,
with the exception of the surgical scar. In patients with UCLP or
BCLP, we observed more severe growth impairments. This in-
dicates that the defect of the palate, together with palatal surgery
may have a negative influence on facial growth in patients with
cleft. However, even though the overall facial shape differentiated
all cleft groups from the control group significantly, the variability
within the cleft and noncleft groups still allowed substantial
overlap, even in the case of the UCLP and BCLP groups. We have
also found that the deviations that were present in patients at a
mean age of 3 years were not significantly more pronounced in
the older age category, at approximately 4.5 years, which seems
promising for later development.
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ARTICLE INFO ABSTRACT

Keywords: Objectives: To evaluate facial asymmetry changes in pre-school patients with orofacial clefts after neonatal

Cleft cheiloplasty and to compare facial asymmetry with age-matched healthy controls.

ASYmmeth Methods and materials: The sample consisted of patients with unilateral cleft lip (UCL), unilateral cleft lip and

3D scanning palate (UCLP), and bilateral cleft lip and palate (BCLP). The patients were divided in two age groups with a mean

gzz‘;;:ll Cd[:; ?E’;ig::;try age of 3 years (n = 51) and 4.5 years (n = 45), respectively, and 78 age-matched individuals as controls. Three-
dimensional (3D) facial scans were analyzed using geometric morphometry and multivariate statistics.
Results: Geometric morphometry showed positive deviations from perfect symmetry on the right side of the
forehead in the intervention groups and the controls. The UCL groups showed the greatest asymmetric nasolabial
area on the cleft-side labia and the contralateral nasal tip. The UCLP group showed, moreover, asymmetry in
buccal region due to typical maxillar hypoplasia, which was accentuated in the older group. The BCLP groups
showed slightly similar but greater asymmetry than the control groups, except for the philtrum region.
Conclusions: Asymmetry of each of the cleft groups significantly differed from the controls. Except for the buccal

region in the UCLP and BCLP groups, asymmetry did not significantly increase with age.

1. Introduction

Facial symmetry refers to a state of balance, where the size, form,
and arrangement of facial tissues and structures on the opposite sides of
the median sagittal plane correspond. Thus, the right and left sides in
the craniofacial complex, comprising identical structures, must grow
and develop equally to reach symmetry [1]. Nonetheless, a mild degree
of asymmetry is a common biological characteristic in healthy in-
dividuals [2].

The degree of asymmetry considered to be reasonable often varies
between 2 and 4 mm [3]. There are no existing objective standards for
establishing abnormality [4] and it is often determined by the clin-
ician's perception of balance and the patient's perception of imbalance
[5].

The etiology of facial asymmetry for many cases is still unknown but
it can be attributed to genetic and environmental factors or a combi-
nation of both [6,7]. Hence, the etiology of asymmetry can be grouped

into three main categories, (A) congenital, originating prenatally; (B)
developmental, arising during growth with inconspicuous etiology; and
(C) acquired, resulting from injury or disease [8].

The theoretical basis for congenital asymmetry is that the lower and
midface develop from the medial and lateral nasal processes as well as
maxillary and mandibular processes, and despite innate synchroniza-
tion, these structures might indicate failure of development or ma-
turation of such embryonic processes [9]. The changes associated with
facial asymmetry comprise facial clefts, hemifacial microssomia, con-
genital muscular torticollis, unilateral coronal craniosynostosis, posi-
tional plagiocephaly and others [8].

As yet, there is no reasonable explanation for the causative me-
chanism of lateral guidance of the face but it might be related to the
imbalanced development of neural crest cells. It has been speculated
that neural crest cell migration happens earlier on the right side and
tends to be delayed on the left side [9,10]. It could be associated with
preferential laterality for some anomalies, such as cleft lip, which occur
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more commonly on the left side.

Facial asymmetry is one of the most common features in cleft lip or
cleft lip and palate patients [11]. The UCL nasal deformity is dominated
by the asymmetry of the soft tissue in the lip and nose area, as well as in
the underlying skeleton [12]. However, there was no statistically sig-
nificant difference between the amount of facial asymmetry in children
with repaired isolated cleft palate and their healthy peers [13].

Treatment of cleft lip and palate patients is focused on the soft tis-
sues of the lip and nose, and the hard tissues of the maxilla and dental
abnormalities [14].

Neonatal cheiloplasty performed in the first week of life solves some
of the problems connected with cleft lip such as feeding problems, and
leads to positive psychosocial outcomes for the whole family, enhanced
wound healing and excellent aesthetic results [15]. However our pre-
vious results revealed that it is still a cause of minor craniofacial growth
impairment. The differences in patients with cleft lip only were least
and observable only in the cleft area itself [16].

This study aimed at illustrating and evaluating facial asymmetry in
pre-school patients with various orofacial clefts who underwent neo-
natal cheiloplasty. To find out if there are any developmental trends in
asymmetry two age groups of patients were selected. The visualization
and 3D analysis of facial asymmetry in healthy children was carried out
to detect any similarities in asymmetry with cleft patients.

2. Participants and methods
2.1. Participants

The intervention group consisted of 96 patients with unilateral cleft
lip (UCL), unilateral cleft lip and palate (UCLP) and bilateral cleft lip
and palate (BCLP). Individuals with associated syndromes were ex-
cluded from the study. All the patients were Caucasian and underwent
surgery at the Faculty Hospital Motol, Prague, Czech Republic, by the
same surgeon. Primary cheiloplasty in all the patients was performed
using the modified Tennison's method within the first 10 days of life
(exceptionally 14 days). The UCLP and BCLP groups underwent pala-
toplasty, which was performed at a mean age of 10.3 months using
Furlow's technique by the same surgeon. The intervention group was
comprised of two separate age groups and both groups contained sub-
groups with each of the three cleft types. The younger category with a
mean age of 3 years (2.5-3.7 yrs) consisted of 51 patients (31 UCL,
right-8, left-23; 15 UCLP right-3, left-12; 5 BCLP). The older category
with a mean age of 4.5 years (4.0-5.0 yrs) consisted of 45 patients (21
UCL, right-8, left-13; 15 UCLP, right-9, left-6; 6 BCLP).

The control group consisted of age-matched healthy children at-
tending preschools in Letna, Hrabdkova, Kolovraty and Vozova in
Prague. The younger subgroup in the control group was comprised of
40 individuals and the older subgroup was comprised of 38 individuals.
All the children in the control group had harmonious balanced faces
and no craniofacial abnormalities.

2.2. Methods

A facial scan was obtained from each subject using a non-invasive
optical scanner Vectra 3D (Canfield Scientific Inc., Fairfield, NJ, USA)
and 3dMDface System (3dMD Limited, Brentford, London, UK). Surface
models were built automatically using the bundled software. Next, each
model was processed in RapidForm 2006 (INUS Technology Inc., Seoul,
South Korea). The processing involved manual trimming with removal
of the ears, neck and hair, closure of any holes and simplification to
roughly 30k triangles. Finally, scans with a unilateral cleft on the right
side were reflected about a plane to keep all clefts on the left side.

Before any statistical processing of the surfaces, vertex homology
had to be enforced. This was done using CPD-DCA [17], which is an
extension of the original DCA that uses an automatic nonrigid regis-
tration algorithm. Nine landmarks were placed on each model in
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standard locations (exoR = right exocanthion; exoL = left exocanthion;
enR = right endocanthion; enL = left endocanthion; N = nasion;
Pn = pronasale; chR = right cheilion; chL = left cheilion; Pg = pogo-
nion). These landmarks were used for rigid prealignment of the facial
surfaces by means of Generalized Procrustes Analysis (GPA). Vertex
homology was created by resampling all surfaces based on one arbi-
trarily chosen surface from the sample called the base mesh. Automatic
nonrigid registration and projection of the base mesh to each surface
was used to transfer the topology of the base mesh to all other meshes.
The resulting vertices can be considered homologous across the data set
and are subject to the same methods as ordinary landmarks; they are
therefore referred to as quasi-landmarks. Finally, the surfaces were ri-
gidly aligned to a mean surface using GPA.

Detailed analysis of asymmetry was evaluated using special work-
flow in Morphome3cs software (www.morhome3cs.com), whose out-
puts are both color-coded maps and shell distance significance maps.
From the correspondence meshes, symmetric meshes were created as fol-
lows. Each correspondence mesh was reflected about an arbitrary plane
and resampled to the topology of its non-reflected counterpart with the
same method that was used in the construction of correspondence
meshes. Rigid alignment of these two surfaces with GPA also produced
a mean surface, which was the sought symmetric mesh. Subtracting the
symmetric quasi-landmarks from those of the correspondence meshes
yielded the individual asymmetry (IA). For visualization, signed IA has
been calculated. Sign of IA in each vertex has been determined based on
the position of the correspondence vertex relative to the symmetrized
vertex, with respect to local surface normal. Positive values were as-
signed if the correspondence vertex was in front of the symmetrized
vertex; negative values if the converse was true.

The color-coded maps are interpreted in the following way: red
areas that are in the front of the corresponding mirrored counterpart,
suggest that they may be larger than the corresponding paired coun-
terpart (= positive values of asymmetry), while blue areas are smaller
and located behind the aligned mirrored counterpart (= negative va-
lues of asymmetry) [18]. Shell distance significance maps were used to
show where the asymmetry was statistically significant. The corre-
sponding p-values were coded in shades of blue.

In addition, asymmetry of the forehead in patients with left and
right side unilateral clefts, which were unlikely to be associated with
the oral defect, were separately analyzed for evaluation and illustration.

3. Results

Using scatter plots of principal components analysis, we visualized
variability of asymmetry in the cleft and control groups. First, we ob-
served that the cleft groups exhibited a greater variability in the prin-
cipal components (PCs) scores than the controls. The first 6 PCs have
been kept for statistical processing according to the broken-stick
method criterion. The most apparent separation of the groups were
observed from PCs 3 and 5 (Fig. 1).

Both the parametric and permutation version of Hotelling's T2 tests
on PC scores revealed that in each cleft or control group, the degree of
asymmetry did not differ significantly between age groups. This could
not be confirmed between BCLP groups alone due to the small sample in
the three-year-old group. Although there were no statistically sig-
nificant differences between age groups in overall facial asymmetry, we
decided to visualize age groups separately because of the possible
presence of local differences.

Further testing was focused on cleft groups in comparison with the
controls. The parametric and permutation version of Hotelling's T2 test
detected statistically significant differences in all the cases tested; (p =
0.01) in the BCLP group, and (p = 0.001) in the UCL and the UCLP
groups.

After determining the presence of the differences in asymmetry in
specific groups of probands using PCA scores, we visualized the dif-
ferences in asymmetry using color-coded maps and calculated per-
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Fig. 1. Variability of facial asymmetry of cleft and control groups described by PC3 and PC5, representing 9.4% and 2.9% of total variability. Confidence ellipses for groups at the 95%

level were included.

A

Fig. 2. Color-coded maps and shell distance significance maps of mean asymmetry. The figures on the left show probands at the age of 3 years: (A) controls, (B) UCL (unilateral cleft lip)
patients, (C) UCLP (unilateral cleft lip and palate) patients, (D) BCLP (bilateral cleft lip and palate) patients; figures on the right show probands at the age of 4.5 years: (E) controls, (F)
UCL patients, (G) UCLP patients, (H) BCLP patients. Mean asymmetry of the forehead in patients with left and right side unilateral clefts in B, C, F, G.

vertex in Morphome3cs to illustrate the areas that caused these results
(Fig. 2).

3.1. Controls

Most asymmetry in the controls occurred predominantly in the
forehead and medially in upper parts of orbits in both the younger and
older age groups (Fig. 2). Positive values of asymmetry were found on
the right side. With increasing age, asymmetry diminishes but remains
significant, especially in the forehead.

The upper face area showed asymmetry in the buccal region.
Significant asymmetry was illustrated only in the lateral parts of the
buccal region in the younger category and lateral parts of the zygomatic
region in the older category, positive on the left side. In the lower face
region, mild inconsistent asymmetry was illustrated on the lower lip.

3.2. Cleft lip patients

Patients with the mildest defect, cleft lip only, showed a similar
pattern in both age groups.

42

The forehead showed the presence of significant positive values of
asymmetry on the right side in all age groups except in the right-sided
clefts of the three-year-old patients, where the asymmetry was incon-
sistent (Fig. 2).

In the upper face area (Fig. 2), significant deviations from perfect
symmetry were apparent around the alae nasi, positive on the opposite
side to the cleft. Contrary to this, positive values of asymmetry were
found on the opposite side (cleft side) around the nasolabial fold as a
continuation of the asymmetry of the philtrum and upper lip (pro-
truding scar). Asymmetry was almost equal in both age categories.

The lower face showed positive deviations from perfect symmetry in
the lower lip of the cleft side. Only mild asymmetry of the chin was
found and evaluation of the lower face showed no substantial difference
between the age categories.

Inspection of symmetry in the nasolabial area revealed an asym-
metrical region that created an imaginary triangle, whereby the base
was on the upper lip and the apex was adjacent to the alae nasi, with
more noticeable asymmetry closer to the triangle base in the upper lip.
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3.3. Unilateral cleft lip and palate patients

Both left- and right-sided younger groups showed slight asymmetry
of the forehead on the right side. Inconsistent asymmetry was found in
the right-sided clefts in older category (Fig. 2). Only patients with left-
sided clefts in the younger group were evaluated due to small sample in
older category (only 3 probands).

The upper face areas (Fig. 2) in patients with complete UCLP were,
from the viewpoint of asymmetry, more affected than that of patients
with UCL. Significant positive deviations from perfect symmetry were
apparent in the area of the alae nasi in the non-cleft side and in the area
of the philtrum and upper lip in cleft side. In addition to this, positive
values of asymmetry found in the buccal region were more marked in
older category.

In the lower face area, positive values of asymmetry were found in
the lower lip in the cleft side, and were identical in both age categories.
There was also visible asymmetry of the chin with positive values on
the cleft side.

Once again, asymmetry in the nasolabial area created an imaginary
triangle. Conversely, the base of this triangle was in contrast to that of
UCL patients, with the base located around the alae nasi and the top
directed toward the upper lip. More noticeable asymmetry was found
once again closer to the triangle base but in this case closer to the alae
nasi.

3.4. Bilateral cleft lip and palate patients

In patients with complete bilateral cleft, positive deviations from
perfect symmetry were found on the right side of the forehead and the
upper parts of orbits.

In the upper face region, positive deviations from perfect symmetry
were present in the younger group on the left sidewall of the nose
continuing inferiorly around the alar base, on the extensive surround-
ings of the left nasolabial fold and on the left side of the philtrum. The
older group showed similar patterns in asymmetry, except the positive
asymmetry extended more laterally into the buccal region.

Asymmetry found in the lower face was not consistent within the
age categories. In both groups, positive deviations from perfect sym-
metry were found on the right side of the lower lip. In the older group,
positive deviations from perfect symmetry extended in lateral and in-
ferior directions from the cheilion, contrasting with the younger group
where we found negative deviations from symmetry. Thus, on the right
side of the mandible there were positive deviations from perfect sym-
metry in the younger group and negative deviations in the older group.

4. Discussion

The objective of this study was to evaluate asymmetry in patients
with various severe types of clefts, to assess whether there was a pro-
gression of asymmetry in early childhood and to statistically test the
differences compared to the control group using progressive 3D tech-
nologies.

Unlike other studies that utilized modern 3D techniques and eval-
uated asymmetry in individuals using color-coded maps [13], per-
formed linear dimensions in patient groups or performed different kinds
of shape analysis [11,19-21], our goal was to visualize the differences
between observed cleft subgroups and controls, and to identify the
areas in the whole face with significant divergences using color-coded
maps.

Statistically significant differences between the intervention and
control groups were observed within all the cleft groups and confirmed
by statistical tests, with the most marked asymmetry found in the UCL
and UCLP patients, followed by the BCLP groups. These findings were
contrary to the results of [16], who evaluated facial shape, wherein the
BCLP group showed more marked differences compared to control
group, then the UCL group. This finding indicates that there is no
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positive correlation between severity of the cleft lip (unilateral/bi-
lateral) and the expression of asymmetry, but implies that unilateral
clefts have a different influence on facial asymmetry than bilateral
clefts due to the unilateral nature of the defect, which affects both sides
and the asymmetry patterns, excluding the upper labial area, which
tends to be slightly closer to asymmetry in controls. This statement is in
accordance with the findings of Bugaighis et al. (2010) and Bugaighis
et al. (2014) [11,22].

Greater variability of facial asymmetry was found in the cleft groups
than in the more homogenous control group. Greater variability in the
cleft groups was found also in studies examining morphometrics of cleft
patients from the point of view of facial morphology as well as palatal
shape analysis [11,16,23,24].

In specific regions of the face, most of the cleft subgroups and even
the controls demonstrated similar patterns in the asymmetry of the
forehead, which is apparently not connected with the orofacial clefts.
The basis for this assumption include the presence of positive deviations
from perfect symmetry on the right side both in left- and right-sided
clefts, and the presence of positive deviations from perfect symmetry on
the right side in controls. Asymmetry of the forehead is probably a
vestige of the postural/positional plagiocephaly in infant age, where the
incidence can reach 50% in infants [25]. It occurs more commonly on
the right side [25,26] and leads to the protrusion of the forehead on the
side of the occipital flattening [27].

The upper face region in all the cleft groups showed the highest
levels of asymmetry. In patients with UCL, asymmetry was mainly
found in the nasolabial area, which was directly affected by the cleft.
The lateral zygomatic and buccal regions did not show deviations from
perfect symmetry. This suggests that the isolated cleft lip and early
neonatal lip repair do not cause asymmetry in other regions than the
nasolabial region, and do not affect growth of related parts of un-
affected maxilla [16]. Younger patients with UCLP also showed asym-
metry mainly in the nasolabial region, similar to the UCL group, and
showed opposite deviations from the line of symmetry between the alae
nasi and philtrum. Nasal asymmetry in unilateral cleft defects results
from a combination of asymmetry of the underlying skeletal base and
muscular diastasis [28]. Deviation of the nasal septum is caused by the
unopposed pull of the orbicularis oris muscle and the premaxillary li-
gament to the caudal nasal septum, which is deviated to the noncleft
side nostril leading to the asymmetric, less prominent nasal tip [29].
The lateral nasal cartilage on the cleft side is dysplastic, with shorter
medial and longer lateral crus, which results in a less-defined and wider
dome [30]. This was evident in all our groups with unilateral defects,
who showed negative deviations from perfect symmetry on the cleft
side around the alae nasi. In bilateral clefts, the nasal septum normally
remains midline; however, the less-severe side applies more force to the
caudal septum, resulting in deviation to this side [31]. There was only
slight asymmetry of the nose in our group compared to the patients
with UCL and UCLP.

Nose and lip asymmetry, caused by the initial clefting and sub-
sequent surgical repair, are the most visible deformities in cleft patients.
In a study by Borsky et al. (2012) [15], lip symmetry in 97 new-borns
who had undergone early neonatal lip repair, was qualitatively eval-
uated 8-12 months after surgery. This qualitative evaluation showed
that the labial contour symmetry was achieved in 68% of cases. How-
ever, our assessment using new 3D methods could detect ante-
roposterior asymmetry in both UCL and UCLP patients, within a few
years after this surgery. Positive values of asymmetry were present on
the side of the cleft as a slight vestige of the postoperative scar. Hy-
pertrophic scar formation is a postoperative complication of cleft lip
[32]. Although studies evaluating nose and lip appearance and wound
healing in patients who have undergone early neonatal lip repair re-
ported very good results [15,33-35] anteroposterior asymmetry of the
lip is still detectable using 3D morphometrics.

Despite the effects on both sides of the lip in the BCLP group, mild
lip asymmetry was found. Unlike the UCL and UCLP groups, similar
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deviations from symmetry were detected on the philtrum extending
cranially via the alae nasi to the nasal bridge region and close sur-
roundings. Russell et al. (2014) [36] also described significant asym-
metry of the upper lip in BCLP groups and implied that those findings
challenge previous assumptions that patients with bilateral cleft after
lip repair are relatively symmetrical.

Slight deviations from perfect symmetry were observed extending
laterally in the younger groups with UCLP and BCLP. Older groups with
UCLP and BCLP showed an extension of asymmetry laterally to the
buccal region, and even to the zygomatic region in UCLP patients.
Insufficient maxillary growth after lip repair in patients with UCLP/
BCLP, causing different facial morphology compared to healthy con-
trols [16], have been previously demonstrated [37,38]. Palatal shape in
patients with UCLP and BCLP were examined in several studies
[23,24,39-41] and their results showed that the palate of patients who
have undergone surgery are, among other things, more asymmetric
than in controls. Ruskov4 et al. (2014) and Smahel et al. (2004) [24,40]
described the shape and asymmetry in patients with UCLP, where the
asymmetry patterns with the maximum height of the posterior palatal
vault on the noncleft side support our theory that positive deviations
from perfect symmetry on the noncleft side in our patients have been
formed mainly as a consequence of the skeletal deviations. Smahel et al.
(2009) [41] found that the palatal vault is higher in patients with BCLP
than in controls in the anterior direction, but lower in the posterior
direction. Asymmetry is present and decreases posteriorly as the palate
vault is reduced compared to the controls. Asymmetry of the palatal
vault in the patients with BCLP was less noticeable than in the patients
with UCLP. This is in accordance with our findings, particularly in older
age groups, where the positive deviations from symmetry extended
from the nasolabial area to the buccal region and diminished laterally.

In the lower face region, varying degrees of asymmetry were present
in all of the groups in the lower lip ipsilateral to the upper lip and were
more severe in the patients with UCL but less severe in those with BCLP.
Inconsistent symmetry of the lower lip was also found in the controls.
Lower lip deformity, which can probably result in asymmetry, can be
caused by incorrect positioning of the anterior teeth, which works also
as a lip support [42], or as a result of skeletal abnormalities of the
mandible or a child's struggle to achieve bilabial closure with the af-
fected upper lip [43].

Positive asymmetry of the chin in the UCLP group was found on the
side of the cleft. This finding was in concordance with that of a previous
study by Kim et al. (2013) and Lin et al. (2015) [44,45], who showed
deviation of the chin to the cleft side; however, the asymmetry was
regarded as clinically non-significant. The results of the Kuijpers et al.
(2015) [46] study showed significant asymmetry of the chin in the
UCLP group compared to controls, and in the UCL group, the asym-
metry was lower and nonsignificant. Asymmetry of the chin in five-
year-old UCL patients with or without cleft palate was also described by
Djordjevic et al. (2014) [13].

Our patients with BCLP had asymmetry of the mandible; however,
asymmetry was positive on the right side in younger patients, and ne-
gative in the older category. There are studies [47,48] examining
mandibular asymmetry in patients with BCLP based on skeletal mea-
surements that showed no significant differences compared to controls.
Unfortunately, there are insufficient studies evaluating soft tissue
asymmetry in patients with BCLP. Thus, we are unable to sufficiently
explain our findings, and the inconsistent asymmetry of the chin be-
tween the age groups may also be caused by the small study sample.

5. Conclusion

The aim of our study was to illustrate and evaluate facial asymmetry
in two age groups of pre-school kids with various severe orofacial clefts
who underwent neonatal cheiloplasty and to compare asymmetry pat-
terns in each group with age-matched healthy controls.

Statistically significant differences were observed in comparison to
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controls within all the cleft groups. In unilateral clefts, the most no-
ticeable asymmetry was demonstrated in the nasolabial region, which is
directly affected by the cleft. The patients with UCL and UCLP had a
more protruded upper labial region and less protruded alae nasi on the
cleft side. In patients with UCLP who also had affected hard and soft
palate, asymmetry extended considerably in the lateral direction to the
buccal region with age (smaller cheek on the cleft side), which is
probably the result of affected maxillary growth. The BCLP groups were
characterized by positive asymmetry of the nasolabial region in both
the philtrum and the alae nasi on the left, and positive asymmetry of the
buccal region on the same side in the older age category. This finding
indicates that cleft deformity that includes the palate also tends to cause
asymmetry of the buccal region; however, the unilateral deformity
causes atypical asymmetry, while bilateral defects show asymmetry
similar to the controls. With the exception of the buccal region in pa-
tients with palatal defects, asymmetry did not increase in the older age
category.

Asymmetry of the forehead were found in all the subgroups, more
marked in controls and seems to have no connection with cleft defor-
mity.

Overall, we can say that although the aesthetic results of early lip
repair are very promising nowadays and the need of additional cos-
metic corrections is low, the mild asymmetry of certain parts of the face
are still detectable with modern 3D technologies.

Present study could give feedback to the surgeons, how the devel-
opment of the overall facial asymmetry goes in different cleft defect
severity and where and how asymmetry occurs outside the areas di-
rectly affected by the cleft.
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ORIGINAL ARTICLE

Facial Growth and Development in Unilateral Cleft Lip and Palate:
Comparison Between Secondary Alveolar Bone Grafting and Primary

Periosteoplasty

Veronika Caganova, M.A., Jifi Borsky, M.D., Zbynék Smahelt, R.N.Dr., C.Sc., Jana Veleminska, R.N.Dr., Ph.D.

Objective: To describe the effect of secondary alveolar bone grafting in patients with
unilateral cleft lip and palate by comparison with a sample of patients who have undergone
primary periosteoplasty.

Design: Cephalometric analysis of lateral x-ray films in a retrospective semilongitudinal
study.

Patients: Lateral x-ray films of 18 secondary alveolar bone grafting patients and 48 primary
periosteoplasty patients at 10 years of age and again at 15 years of age.

Settings: The treatment of secondary alveolar bone grafting patients included lip repair
according to Tennison, palatoplasty including retropositioning, pharyngeal flap surgery, and
secondary alveolar bone grafting. The lips of primary periosteoplasty patient were repaired using
the methods of Tennison and Veau, followed by primary periosteoplasty, palatoplasty including
retropositioning, and pharyngeal flap surgery.

Methods: Lateral radiographs were assessed using classical morphometry.

Results: There were few significant differences at 10 years of age between the secondary
alveolar bone grafting and primary periosteoplasty patients. At 15 years of age, there were
several significant differences. Compared with primary periosteoplasty patients, subsequent
development in patients who had undergone secondary alveolar bone grafting was characterized
by a significantly better position of the upper and lower dentoalveolar components in relation to
the facial plane, a higher increase in the global convexity of the soft profile, a significantly better
maxillary inclination, and a more favorable development of vertical intermaxillary relationships.

Conclusion: Craniofacial development in secondary alveolar bone grafting patients was
better than that in primary periosteoplasty patients due to the more marked facial convexity, the

increased prominence of the nose, and better vertical intermaxillary relationships.

KEY WORDS:

Care for patients with orofacial clefts requires a long-
term multidisciplinary approach and has a long tradition in
the Czech Republic. The approach to treating cleft patients
began to progress importantly after World War 11 (émahel
et al., 1998). Before secondary alveolar bone grafting
(SABG) became the method of choice for reconstructing a
defect involving the upper jaw, a cleft defect was
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classical morphometry, cleft lip and palate, secondary alveolar bone grafting

reconstructed using primary alveolar bone grafting
(PABG), which was gradually replaced by primary
periosteoplasty (PP) (Feichtinger et al., 2008).

The PP technique consists of surgical closure of the
alveolar cleft with local periosteal flaps. The flap used to
bridge the cleft is approximately 5 to 7 mm in width and 15
to 20 mm in length and is obtained from the lateral
maxillary segment. The flap is rotated around the medial
pedicle and fixed to the posterior premaxillary edge. The
flap first joins the cleft jaws elastically and later by bone
lamellae. Primary periosteoplasty is usually carried out
together with a lip repair (Kuderova et al., 1996). The
authors of previous studies have monitored patients after
PABG and PP and compared the success of these
operations (gmahel and Miillerova, 1994; Veleminska,
2000).

Secondary alveolar bone grafting, first introduced by
Boyne and Sands (1972), has replaced PABG and PP, and
today SABG is the most commonly used method for
reconstructing the upper alveolar ridge in cleft patients
(Feichtinger et al., 2008). From an orthodontic point of
view, SABG has become the conventional procedure for
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successful dental reconstruction without the need for
prosthetic appliances (Kawakami et al., 2004). It is typically
performed at a stage of transitional dentition (between 9
and 11 years of age, before the eruption of the maxillary
canines) to allow the corresponding canine to erupt through
the grafted site (Newlands, 2000; Duskova, 2007).

Although the main aim of SABG is reconstruction of the
upper alveolar ridge, it is possible that this surgery could
have an influence on the morphology of some parts of the
face that undergo significant changes during development.
For this reason, the purpose of the present study was to
describe the effect of SABG in patients with unilateral cleft
lip and palate (UCLP) by comparison with a sample of
patients with the same congenital defects who had
undergone PP. Our hypothesis was that there are no
differences in craniofacial development in patients after
SABG compared with patients after PP.

Our study follows a number of publications that have
described the influence of different types of surgery on the
development of the craniofacial area performed in the
Department of Plastic Surgery at the Faculty Hospital
Kralovské Vinohrady (Smahel and Miillerova, 1988, 1994;
Sameshima et al., 1996; Smahel et al., 1998). Investigation
of the different influence of therapies on patient skull and
face development are important for determining the
optimal means of reconstructing cleft defects without the
need for secondary corrections. Our results will allow
comparison between surgical methods and results from
other departments and could also prove useful for long-
term treatment planning.

PATIENTS AND METHODS

The current study was based on evaluating the lateral x-
ray films of 18 SABG patients (boys) and 48 PP patients
(boys); both groups of patients had complete UCLPs
without any associated visible malformations.

The study was approved by an ethical committee.

X-ray films were made at approximately 10 years of age
(£6 months) and repeated at 15 years of age (=6 months).
The SABG patients had a mean age of 10 years 4 months at
the time the x-rays were obtained and had a mean age of 15
years 1 month at follow-up. All patients were born between
1988 and 1992 and were treated and operated on using the
same methods. In all cases, the lips were repaired with the
Tennison method at a mean age of 11 months. The palate
was closed using the push-back method with pharyngeal
flap surgery at a mean age of 4 years 7 months. The mean
age at the time of SABG surgery was 10 years 5 months,
with a range of 9 years 3 months to 11 years 9 months.

The mean age of the PP patients was 10 years 1 month at
the time of baseline examination and 15 years 1 month at
follow-up. All of the PP patients were born between 1972
and 1978. Patient lips were repaired using the Tennison
method in 83% of the cases and the Veau method in the
remaining 17% of cases, at an average age of 9 months.

Both surgical methods were associated with PP using a
periosteal flap 5 to 7mm in width and 15 to 20 mm in length
obtained from the lateral maxillary segment. This was
followed by a palatoplasty (mean age, 5 years 2 months) in
which the push-back method was always used with
pharyngeal flap surgery. These patients have been described
in more detail in an earlier publication (Veleminska, 2000).

No type of appliances/treatment was used prior to the
first lip/lip+PP surgery in SABG and PP patients.

Orthodontic treatment was performed using fixed
appliances in 72% of the SABG patients and in 52% of
the PP patients. Other patients were treated using
removable appliances.

All treatment took place in the Department of Plastic
Surgery at the Faculty Hospital Kralovské Vinohrady by a
team of surgeons led by Professor Fara. Both groups of
patients were operated on by the same team of surgeons
using an identical protocol (excluding SABG and PP
surgeries).

X-ray films of both groups of patients (SABG and PP)
were obtained under standard conditions (lamp-object
distance = 370 cm; object-film = 30 cm; enlargement 8.1%).

The radiographs were evaluated using classical mor-
phometry (Smahel and Miillerova, 1994). A total of 35
important landmarks were marked on the digitized x-rays
(Fig. 1). The landmarks were important for acquiring the
cephalometric characteristics in the Craniometrics software
application (Veleminska et al., 2004). We measured 92
dimensions, including linear, angular, and dental charac-
teristics, which were necessary for constructing the
cephalograms. We selected 28 variables that best charac-
terized the sagittal and vertical skeletal relationships,
dentoalveolar relationships, and soft profile. Cephalograms
were created using the AutoCAD program.

Statistics

We had four samples for testing: SABG patients at 10
years of age; SABG patients at 15 years of age; PP
patients at 10 years of age; and PP patients at 15 years of
age.

We first tested basic assumptions, independence,
homoskedasticity, and normality. Due to the character-
istics of the data, we presumed that the data in each
sample were independent and identically distributed
(iid). We did not test this assumption because it is true
from a theoretical point of view. It was then only
necessary to test normality and the equality of
variances.

For normality, we used the Shapiro-Wilk and
Lilliefors tests. We used the tests on each sample. The
normality tests were rather weak and the results from
both tests were different. The Lilliefors test did not
reject the hypothesis of normally distributed variables,
but the Shapiro-Wilk test did so in some cases. We thus
decided not to generally presume normality. Due to the
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FIGURE 1 Cephalometric points and reference lines used in the present study: Ar (articulare)—intersection of the inferior contour of the clivus and the
posterior contour of the ramus; Ba (basion)—most posteroinferior point on the clivus; Cd (condylion)—most superior point on the condylar head; Go
(gonion)—point on the angle of the mandible determined by the axis of the ML/RL angle; Gn (gnathion)—lowest point of the mandibular symphysis; Pgn
(prognathion)—point on the mandibular symphysis farthest from Cd; Pg (pogonion)—most anterior point on the bony chin; Pg’ (soft pogonion)—most
anterior point on the soft chin; Sm (supramentale)—deepest point on the anterior contour of the mandibular symphysis; Sm’ (soft supramentale)—deepest
point on the soft contour of the lower jaw; Id (infradentale)—point of gingival contact with the lower central incisor; Ii (incision inferius)—incisal tip of the
lower central incisor; Is (incision superius)—incisal tip of the upper central incisor; Mol (molare)—tip of the distal cusp of the lower first molar; Pr
(prosthion)—point of gingival contact with the upper central incisor; Ss (subspinale)—deepest point of the subspinal concavity; Ss’ (soft subspinale)—
deepest point of the upper lip; Sp (spinale)—tip of the anterior nasal spine; Pmp (pterygomaxillare palatinum)—point of intersection of the palate plane
and the fissura pterygomaxillaris; Ptm (pterygomaxillare)}—most inferior point of the fossa pterygopalatina where the fissura pterygomaxillaris begins; S
(sella)—center of sella turcica; N (nasion)—most anterior point on the frontonasal suture; N’ (soft nasion)—intersection between NSL and the soft profile
contour; Rhi (rhinion)}—most anteroinferior point on the nasal bone; Rhi’ (soft rhinion)—point on the soft profile contour over Rhi; Prn (pronasale)—
point on the top of the apex nasi; Sn (subnasale)—point at which the columella merges with the upper lip; Ls (labrale superius)}—margin of the vermilion
of the upper lip; Sto (stomion)—point of contact of the upper and lower lips; Li (Iabrale inferius)—margin of the vermilion of the lower lip; NSL—Tline
through N and S; VL—perpendicular to NSL through S; PL—line through Sp and Pmp; OL—line passing though the midpoint between the incisal tip of
the upper and lower central incisors and the posterior cuspid of the first lower molar; +1—axis of the upper incisor; —1—axis of the lower incisor; CL—
line through Pg and Id; ASL—tangent to the maxillary alveolar process through Pr; ML—tangent to the mandibular body through Gn; RL—tangent to
the mandibular ramus through Ar; tGo (tangenta gonion)—intersection of ML and RL lines.

small number of observations in the two samples, we could be rejected, this was due to chance or a type I
could not use the central limit theorem. error.

We also tested the equality of variances between the Due to the aforementioned facts, we used a two-
samples with an F test. In the majority of cases, we sample ¢ test (parametric test) and a two-sample
could not reject the null hypothesis of equality; in the Wilcoxon test (nonparametric test) and compared the
small number of cases in which the null hypothesis results. It was necessary to use the nonparametric test
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because we did not generally presume normality. In the
case of the 7 test, we also computed a ¢ test based on the
Welch approximation of degrees of freedom, which is
used in cases when the variances differ, so as not to
underestimate the risk of errors resulting from violation
of the equality assumption. The results of this 7 test and
of the ¢ test for which we assumed the fulfillment of
equality of variances were nearly the same. The
Wilcoxon test and ¢ test produced very similar results,
but we decided to use those from the Wilcoxon test,
because we were not sure whether the assumptions of
the ¢ test were met.

An intergroup comparison regarding the changes
between 10 and 15 years of age was tested using the
two-sample ¢ test.

The Dahlberg error was calculated, as were the
precision and reliability of the measurements (Harris
and Smith, 2009; Smahel et al., 2009). The coefficients of
reliability in 15 selected dimensions were >.98 among all
measurements in both samples of SABG and PP
patients (Table 1).

The level of significance in the text are indicated by an
asterisk following the abbreviation of the relevant
dimension (e.g., N-Gn*). Accordingly, 5%, 1%, and
0.1% levels of significance are marked *, ** and ***,
respectively.

RESuULTS

To evaluate the effectiveness of SABG, a group of
patients who had undergone SABG was compared with a
group of patients who had undergone PP. Our major
interest was the area of surgery and the adjacent structures.
First, the groups of patients had to be compared before
SABG at 10 years of age to determine whether any
significant craniofacial growth differences existed.

The main difference between SABG and PP patients at
10 years of age (Fig. 2) was related to the anterior height of
the face; specifically, the SABG patients had a greater
height of the upper face (e.g., N-Sp***) and thus the whole
face (N-Gn*). The height of the lower face was not different
(Sp-Pg). This finding was associated with vertical facial
disproportionality (NSp%NGn*). Another significant
difference was the depth of the nose (Prn-Sn**) in the soft
profile (Table 2).

Figure 3 shows a comparison between groups at 15 years
of age; the mean values of the monitored dimensions are
shown in Table 3, and the intergroup comparison regarding
the changes between 10 and 15 years of age is shown in
Table 4.

At 15 years of age, there was a persistent divergence
between the two groups in the height of the upper face (N-
Sp**) and the height of the entire face (N-Gn*). This
difference did not increase, but rather diminished slightly.
The vertical facial disproportionality (NSp%NGn) was
decreased in the PP patients.

TABLE 1 Dahlberg Error (SDg) and Coefficient of Reliability (R)
of the Measurement*

PP SABG
Dimension SDg R SDg R
N-Sp 0.08 1.00 0.00 1.00
N-Gn 0.12 0.99 0.01 1.00
Sp-Is 0.19 0.99 0.00 1.00
Prn-Sn 0.01 0.99 0.02 1.00
N-S-Pgn 0.12 0.99 0.01 1.00
S-N-Ss 0.08 1.00 0.00 1.00
S-N-Sm 0.20 0.97 0.01 1.00
Pr-N-I1d 0.01 1.00 0.02 1.00
N-Ss-Pg 0.05 0.99 0.01 1.00
PL/NSL 0.03 1.00 0.01 1.00
SGo%NGn 0.01 0.99 1.45 0.98
N’-Prn-Pg’ 0.05 0.99 1.29 0.99
Is-li 0.02 0.99 0.26 1.00
Ls+Li 0.02 1.00 1.30 0.98
NPg-Is 0.02 1.00 1.30 0.98

* PP = primary periosteoplasty; SABG = secondary alveolar bone grafting.

Maxillary growth was evident based on an increase in the
dentoalveolar height of the maxilla, which was significantly
higher in the SABG group (Sp-Is**; Table 4). There was no
significant difference in the length or increment of the depth
of the maxilla (Ss-Pmp), which was very small in both cases.
There was a small insignificant retrusion (S-N-Ss) of the
upper jaw (Tables 3 and 4) in both groups. Proclination of
the upper alveolar ridge in the SABG patients (ASL/PL)
was higher, but not significant.

= —

[

FIGURE 2 Craniofacial comparison of SABG (solid line) and PP
(dashed line) patients at 10 years of age. The faciograms are aligned at
point S (sella) and the NSL and VL lines. Solid and dashed lines are
illustrative.
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TABLE 2 Craniofacial Differences Between PP and SABG
Patients at the Age of 10

PP Patientst SABG Patients

Dimensions Mean SD Mean SD P Value?;
N-Sp (mm) 46.97 2.99 50.17 2.83 .000%**
N-Gn (mm) 112.51 6.47 116.29 5.08 .038%*
Sp-Is (mm) 28.98 2.66 28.95 3.39 971
Sp-Pg (mm) 60.36 4.95 61.36 4.89 467
Ss-Pmp (mm) 44.61 2.61 45.88 291 113
Prn-Sp (mm) 21.29 2.67 22.85 2.92 .075
Prn-Sn (mm) 14.66 1.43 16.38 2.01 .002%*
Sn-Ls (mm) 12.46 1.94 13.09 1.86 317
Sn-Sto (mm) 19.50 2.40 20.32 2.44 .200
N-S-Pgn (°) 71.12 3.70 72.50 3.22 113
S-N-Ss (°) 75.02 4.15 76.55 3.50 126
S-N-Sm (°) 73.14 3.34 72.80 2.55 .823
Ss-N-Sm (°) 1.88 3.11 3.75 2.56 .061
Pr-N-1d (°) 1.68 2.34 2.20 2.76 522
N-Ss-Pg (°) 178.62 6.93 175.03 4.57 .050
PL/NSL (°) 6.63 2.75 8.52 3.75 .059
ML/RL (°) 129.98 5.83 129.50 6.96 .687
PL/ML (°) 31.60 5.19 31.60 6.26 .835
ASL/PL (°) 9476 9.55 95.91 9.67 471
SGo%NGn (%) 60.96 3.51 60.21 3.60 437
NSp%NGn (%) 41.78 2.07 43.16 2.64 .043*
N’-Prn-Pg’ (°) 143.66 6.05 140.40 4.58 .066
Ss’-N’-Sm’ (°) 6.01 2.75 6.52 1.56 741
Is-Ii (mm) 0.75 2.16 0.90 4.57 283
+1/PL () 9545 727 96.26 7.24 870
Ls+Li (mm) 2.78 2.24 3.06 1.60 708
NPg-Is (mm) 1.29 3.51 1.65 3.23 157
NPg-Ti (mm) 0.76 291 0.90 2.26 .920

T PP = primary periosteoplasty; SABG = secondary alveolar bone grafting; SD =
standard deviation.

1 P value of two-sample Wilcoxon test.

* P < .05%F P < .01 %% P < 001

With respect to the developmental changes in mandib-
ular growth, no significant differences existed. There was
also conformity in the slight anterior rotation of the
mandible (SGo%NGn) and the unchanged direction of
mandibular growth (N-S-Pgn). In the SABG group, as in
the PP group, there was a slight, insignificant protrusion of
the lower jaw (S-N-Sm).

With respect to facial shape, the difference between the
angles describing skeletal convexity (N-Ss-Pg) was un-
changed. A significant difference existed in maxillary
inclination (PL/NSL**), which was markedly decreased
in the PP patients. The maxillary inclination affected the
vertical intermaxillary relationships (PL/ML*), which was
worse in the PP patients (Table 4).

The differences in the soft profile especially existed with
respect the parameters describing the nasal area. Specifi-
cally, there was a more marked prominence of the nose
(Prn-Sp**) in the SABG group. The difference in the soft
part of the nasal depth (Prn-Sn) was evident by 10 years of
age, but it increased during the period of observation
(Tables 3 and 4). This was related to the decreasing
convexity angle (N’-Prn-Pg’**) during development and
the significantly more convex profile of SABG patients. The
enlarged angle of the soft profile convexity (N’-Prn-Pg’) in
the PP patients led to a flattening of the face. Another

b) c)
FIGURE 3 Craniofacial comparison of SABG (solid line) and PP
(dashed line) patients at 15 years of age. The faciograms are aligned at
point S (sella) and the NSL and VL lines. Solid and dashed lines are
illustrative. a: Comparison of the skeletal and soft profiles of PP patients
(dashed line) with SABG patients (solid line); b: detail of the central
incisor position in relation to line NPgL of SABG patients; c: detail of
the first incisor position in relation to line NPgL of PP patients.

significantly different dimension was the height of the upper
lip (Sn-Sto**), which was smaller in PP patients. The length
of the philtrum (Sn-Ls) differed also, being insignificantly
shorter in PP patients. The prominence of the upper lip
(Ls+Li) was equally decreased in both groups.

The sagittal intermaxillary relationships (Ss-N-Sm, Pr-
N-Id, and Ss’-N’-Sm’) were deteriorated in the SABG
group, as in the PP group. The vertical intermaxillary
relationships (PL/ML*) evolved significantly better in the
SABG group during the period of observation. In both
groups, treatment led to the maintenance of positive overjet
(Is-Ii) during development, which was higher in SABG
patients, although not significantly. The upper incisor
proclination (+1/PL) increased equally in both groups. The
position of the upper and lower incisors in relation to the
facial plane (NPg-Is** and NPg-Ii**) in the SABG patients
was much better compared with the PP group (Fig. 3b and
3¢).
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TABLE 3 Craniofacial Differences Between PP and SABG
Patients at the Age of 15}

TABLE 4 Intergroup Comparison Regarding the Changes Between
10 and 15 Years of Age

PP Patientst SABG Patients

Dimensions Mean SD Mean SD P Value?;
N-Sp (mm) 52.28 3.23 55.47 4.08 .004%*
N-Gn (mm) 126.39 7.59 132.04 7.99 .033*
Sp-Is (mm) 30.87 3.69 32.56 3.90 133
Sp-Pg (mm) 68.71 6.81 70.05 6.17 453
Ss-Pmp (mm) 46.28 3.00 46.75 3.34 408
Prn-Sp (mm) 26.56 3.64 30.09 4.65 .007%**
Prn-Sn (mm) 17.49 1.97 21.09 3.25 .000%***
Sn-Ls (mm) 12.10 2.22 13.54 2.75 .074
Sn-Sto (mm) 20.65 3.16 23.51 2.46 .002%*
N-S-Pgn (°) 70.89 4.35 72.52 4.67 112
S-N-Ss (°) 73.78 4.05 74.67 4.95 175
S-N-Sm (°) 74.57 391 74.26 3.50 .823
Ss-N-Sm (°) —0.79 3.17 0.41 3.46 229
Pr-N-Id (°) —0.07 2.70 1.08 2.34 .169
N-Ss-Pg (°) 185.35 7.40 182.16 7.19 122
PL/NSL (°) 5.93 3.24 9.01 4.42 .005%*
ML/RL (°) 127.69 6.72 127.32 7.34 977
PL/ML (°) 30.92 6.82 29.33 7.22 .584
ASL/PL (°) 101.69  9.01 106.70 11.93 131
SGo%NGn (%) 62.71 4.29 62.63 4.10 .857
NSp%NGn (%) 41.44 2.11 42.06 2.16 071
N’-Prn-Pg’ (°) 141.44 7.14 135.56 7.19 .006%*
Ss’-N’-Sm’ (°) 5.07 2.95 5.80 2.71 .801
Is-Ii (mm) 1.16 3.09 1.98 2.43 .360
+1/PL (°) 103.85 7.43 103.43 8.54 .852
Ls+Li (mm) 1.59 2.61 1.19 2.31 573
NPg-Is (mm) 0.79 4.05 3.51 241 O11%*
NPg-Ti (mm) —0.38 3.32 1.97 2.09 .008%**

+ PP = primary periosteoplasty; SABG = secondary alveolar bone grafting; SD =
standard deviation.

1 P value of two-sample Wilcoxon test.

* P < .05%F P < .01 %% p< 001

DiscussioN

Currently, SABG is the most commonly used method for
reconstructing an alveolar defect. From an orthodontic
point of view, SABG has become a regular procedure for
successful dental reconstruction without having to use
prosthetic appliances (Kawakami et al., 2004).

Secondary alveolar bone grafting has replaced methods
used previously, such as PABG and PP. In patients who
undergo PABG between the first and third years of life,
reduced growth of the maxilla occurs, as does pseudoprog-
nathism and anterior crossbite due to the lack of graft
growth (émahel and Millerova, 1994; Duskova et al.,
2007). Primary periosteoplasty bridges the cleft using an
elastic periosteal flap, which first connects the damaged jaw
elastically and later ossifies. Patients undergoing PP show a
more marked proclination of the upper dentoalveolar
component with restoration of a positive overjet than do
patients undergoing PABG (Smahel and Miillerova, 1994).

More recent studies related to SABG have primarily
focused on evaluating eruption of the canines and stability
of the graft (Long et al., 1995; Tai et al., 2000; Matsui et al.,
2005; Jia et al., 2006; Feichtinger et al., 2007).

The overall development of the faces of UCLP patients
after SABG has not been investigated in detail. Brattstrom

PP Groupt SABG Group
Dif Dif P Value}

N-Sp (mm) 5.31 5.30 492
N-Gn (mm) 13.88 15.75 .070
Sp-Is (mm) 1.89 3.62 .001%*
Sp-Pg (mm) 8.35 8.69 355
Ss-Pmp (mm) 1.67 0.87 179
Prn-Sp (mm) 5.26 7.25 .020*
Prn-Sn (mm) 2.83 4.71 .012*
Sn-Ls (mm) —0.35 0.45 147
Sn-Sto (mm) 1.15 3.20 .002%*
N-S-Pgn (°) -0.23 0.02 .349
S-N-Ss (°) —1.24 —1.88 241
S-N-Sm (°) 1.43 1.46 480
Ss-N-Sm (°) —2.67 -3.34 199
Pr-N-Id (°) —1.74 —1.12 142
N-Ss-Pg (°) 6.73 7.13 401
PL/NSL (°) —0.70 0.48 .044*
ML/RL (°) -2.29 —2.18 451
PL/ML (°) —0.68 -2.27 .039%
ASL/PL (°) 6.93 10.79 .148
SG0%NGn (%) 1.74 2.42 .626
NSp%NGn (%) —0.34 —2.55 .000%***
N’-Prn-Pg’ (°) —-2.22 —4.84 .022%*
Ss’-N'-Sm’ (°) —0.94 -0.72 351
Is-Ii (mm) 0.40 1.08 258
+1/PL (°) 8.40 7.17 .305
Ls+Li (mm) —1.19 —1.87 .069
NPg-Is (mm) —0.49 1.86 .012%
NPg-Ii (mm) —1.14 1.07 .002%*

T PP = primary periosteoplasty; SABG = secondary alveolar bone grafting.
1 P value of two-sample 7 test.
* P <.05; ¥ P <.01; *** P < .001.

(1991) evaluated and compared patients who had under-
gone different treatment regimes (group A: lip repair,
PABG, palatoplasty; group B: presurgical T-traction, lip
repair, PABG, palatoplasty; and group C: lip repair,
palatoplasty) and patients who had undergone SABG
(group SABG: lip repair + vomer flap, palatoplasty).
However, these patients underwent vomer flap surgery at 5
months of age, thus midfacial growth could have been
affected (Friede and Johanson, 1977), and both boys and
girls were included in the study. Another study evaluated
the development of the skeletal profile after SABG at a
mean age of 8.4 years at the time of surgery, but the range
was from 4 to 11 years (Ross, 1987). Other studies followed
the effect of SABG on maxillary growth alone (Semb, 1988;
Levitt et al., 1999).

Based on these findings, our main aim was to describe the
effect of SABG in patients with UCLP by comparison with
a sample of patients with the same congenital defect who
had undergone PP and to evaluate the presumed influence
of SABG on the morphology of the face.

All individuals were operated on in the Department of
Plastic Surgery in Prague by the same team of surgeons led
by Professor Miroslav Fara, underwent the same treat-
ment, and were metrically evaluated using the same
methodology by the same team of researchers.

Patients’ lips were repaired using the Tennison and Veau
methods. Based on current studies, we believe that the
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different methods of lip repair do not affect the basic
structures of the skull and produce differences (Ross, 1987
Smahel et al., 1998). Furthermore, no significant differences
existed between early and late lip repair (Sandberg et al.,
2002; Goodacre, 2004; Borsky, 2007; Galinier, 2008).

Orthodontic treatment was performed using fixed
appliances in more SABG patients (72%) than PP patients
(52%). Other patients were treated using removable
appliances. Previous studies suggested that there are better
overjet (proclination of upper incisors) but worse vertical
intermaxillary relationships (PL/ML) in patients with fixed
appliances. Worse vertical intermaxillary relationships were
associated with the height of the upper lip, which was
smaller in these patients (gmahel et al., 1998; Veleminska,
2000).

Such differences were not found in the current study.
Nonsignificant better overjet was caused by proclination of
the upper alveolar ridge, not by proclination of the upper
incisors. The vertical intermaxillary relationships were
better in the SABG patients. Orthodontic treatment
certainly affects the growth and position of the upper
incisors, but due to the aforementioned findings, we
concluded that our results were not affected by a different
ratio of using fixed appliances between the SABG and PP
groups.

The vertical facial disproportionality increased by
approximately 1% in the PP group and 2.5% in the SABG
group. The vertical disproportionality in the PP group was
still higher at 15 years of age, but not significantly. A
noticeable increase in the vertical growth of the lower face,
as opposed to limited vertical growth of the upper face, was
one of the abnormalities in the development of the cranium
in cleft patients. The lower height of the upper jaw was
likely of prenatal origin, but growth deviation in the form of
increased vertical growth of the lower face developed
mainly after palatoplasty as a compensatory adaptation
mechanism in response to the deteriorating sagittal
intermaxillary relationships (Smahel and Miillerové, 2000).

The maxilla grew primarily in the vertical direction in the
area of the upper alveolar process, and was significantly
greater in the SABG group than the PP group. In the
Brattstrom study (1991), SABG patients had a significantly
larger anterior height than patients in group A, but smaller
than those in group C. A very small increase existed in the
depth of the maxilla, both in patients who underwent
SABG as well as patients who underwent PP. These results
are in agreement with the findings of Levitt et al. (1999),
who did not show significant differences in the growth of
the maxilla between patients who underwent SABG and
patients who underwent PP. There were some differences in
the Brattstrom study (1991); specifically, SABG patients
had a significantly smaller maxillary length than patients in
group C.

An insignificant difference existed in maxillary inclina-
tion, which was higher in the SABG group. The SABG
group in the Brattstrom study (1991) also had better

maxillary inclination and maxillary prognathism than
groups A and B, but again worse than group C. Brattstrom
(1991) postulated that it was probable that the vomer flap
procedure affected maxillary growth. There was no
significant difference in maxillary prognathism between
the SABG and PP patients in the current study.

With respect to the growth of the mandible, no significant
differences existed between groups, even in the mandibular
rotation or direction of growth. In the Brattstrom study
(1991) the SABG group also had no differences with respect
to the mandible compared with groups A and B; whereas
group C had better prognathism and a larger mandible
than the SABG group.

The reduction of anterior maxillary growth accompanied
by retrusion and simultancous mandibular protrusion
caused by the stronger growth of the mandibular body
during the pubertal spurt compared with the growth of the
cranial base causes a flattening of the skeletal profile. The
convexity of the face in SABG and PP patients decreased
nearly evenly. Flattening of the face as a result of maxillary
retrusion and mandibular protrusion was another charac-
teristic deviation of craniofacial growth in UCLP patients.
This finding was also consistent with the results of
Veleminska (2000), Ross (1987), and Smahel and Brejcha
(1985). As a result of the greater growth of the posterior
facial height compared with the smaller growth of the
anterior facial height, the mandible was slightly rotated
anteriorly in SABG patients. The same result occurred in
PP patients.

The most significant increase in the SABG group, as well
as the PP group, occurred in the soft profile, specifically in
the nasal area. The main difference was an increase in the
depth of the nose, which was significantly greater in the
SABG patients, which led to a relative flattening of the soft
profile in PP patients compared with SABG patients.
Generally, the main difference in the configuration of the
soft profile in SABG patients compared with PP patients
was the significantly larger increase in the nasal area in the
anterior direction and the resulting greater prominence of
the nose. Another difference involved the greater convexity
of the soft profile in SABG patients; however, the
prominence of the upper lip compared with the prominence
of the lower lip was significantly reduced in SABG and PP
patients. The reduced height and thickness of the upper lip
was a fundamental deviation of the soft profile in UCLP
patients (gmahel and Millerova, 2000). Similar results were
reported by Brattstrom (1991). The group of patients
treated with SABG showed a more prominent nose, as well
as a better soft profile than the other three groups.

The dentoalveolar area of SABG patients evolved better
than that of PP patients. The sagittal intermaxillary
relationship worsened in both groups, but the vertical
intermaxillary relationship evolved more favorably in the
SABG group. This group also demonstrated significantly
better positioning of the upper and lower dentoalveolar
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component in relation to the facial plane compared with PP
patients.

CONCLUSION

Our work has brought new information for future
orofacial cleft research and clinical practice. The effect of
SABG in our sample of patients involved not only
successful dental and upper alveolar ridge reconstruction,
but also a positive influence on the formation of facial
morphology during puberty. Treatment using SABG gave
significantly better results compared with previous treat-
ments in which the upper alveolar ridge was reconstructed
using PP. The particular benefit of this treatment modality
lies in the improved development of the dentoalveolar
region and the nose.

The patient profile was more convex than that achieved
with any previous surgical procedure and the vertical
intermaxillary relationships were also better. Further
research in this field is needed to confirm our results.
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Structured Abstract

Objectives — To evaluate sexual dimorphism of facial form and shape
and to describe differences between the average female and male face
from 12 to 15 years.

Setting and Sample Population — Overall 120 facial scans from healthy
Caucasian children (17 boys, 13 girls) were longitudinally evaluated over
a 4-year period between the ages of 12 and 15 years.

Materials and Methods — Facial surface scans were obtained using a
three-dimensional optical scanner Vectra-3D. Variation in facial shape
and form was evaluated using geometric morphometric and statistical
methods (DCA, PCA and permutation test). Average faces were superim-
posed, and the changes were evaluated using colour-coded maps.
Results — There were no significant sex differences (p > 0.05) in shape
in any age category and no differences in form in the 12- and 13-year-
olds, as the female faces were within the area of male variability. From
the age of 14, a slight separation occurred, which was statistically con-
firmed. The differences were mainly associated with size. Generally boys
had more prominent eyebrow ridges, more deeply set eyes, a flatter
cheek area, and a more prominent nose and chin area.

Conclusion — The development of facial sexual dimorphism during
pubertal growth is connected with ontogenetic allometry.

Key words: 3D imaging; dense correspondence analysis; facial
morphology; longitudinal growth; sexual dimorphism

Introduction

The human face shows both individual features and features
that are characteristic of a specific group according to age, sex,
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ethnicity or health (1). The spatial position and
relative proportions of each facial component
(e.g. eyes, nose, lips, chin) are mostly deter-
mined by underlying genes, but different envi-
ronmental factors also play important roles.

Accurate and complex quantitative evaluation
of facial morphology is of great importance in a
variety of scientific fields, especially in a number
of biomedical disciplines such as orthodontic
and maxillofacial surgery, plastic surgery, and
genetics. With regard to pre- and post-operative
treatment, comparison of facial differences
between patients with craniofacial anomalies or
syndromes with normative values as well as
comparison between different age and sex
groups is important in deciding on an appropri-
ate therapeutic course (2—-4). For these purposes,
the most valuable and informative reference
data are those from longitudinal assessments,
which best describe the growth patterns during
development.

The degree of sexual dimorphism of the human
face changes as a function of age (5). The growth
rate is not constant throughout ontogenetic
development and differences are also apparent
between sexes, especially during the pubertal
growth spurt,
2 years earlier in females (6). In females, cranio-
facial growth is practically completed by about
13 years of age, while craniofacial growth in

which occurs approximately

males continues into early adulthood (7). The
presence of sexual dimorphism in adult facial
morphology is apparent (8, 9), but the develop-
mental aspects of facial sex differences are not so
clear. The generally accepted view is that the sex-
ual dimorphic facial traits became more appar-
ent after 13 years of age and result from different
growth trajectories in males and females (7).

Dense correspondence analysis (10) together
with 3D surface imaging systems enables objec-
tive study of the whole facial surface. The con-
struction of dense correspondences between 3D
surfaces is an accurate method used to support
clinical assessment of facial morphology, as well
as enables identification of the anatomical struc-
ture traits characteristic for a specific group of
individuals (e.g. sex- or age-specific features)
(11, 12).
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Using a 3D optical scanning system together
with modern geometric morphometric methods,
we hypothesized that this longitudinal approach
would help to clarify the development of sexual
dimorphism of the human face in adolescence.
The primary aim of this study was to analyse the
facial form and shape variation of males and
females aged from 12 to 15 years to identify the
sexual dimorphic traits unique to both groups.
The second aim was to evaluate the differences
between the average female and the average
male face in all age categories.

Subjects and methods

The sample consisted of children from a high
school in Kladno and an elementary school in
Prague, Czech Republic, who were longitudinally
studied between the ages of 12 and 15 years of
age from 2009 to 2012 at approximately the
same time of the year. Mean age of the subjects
was 12.4 years for boys and 12.3 years for girls
at the start of the study. The parents of all chil-
dren were previously informed about the 3D
optical scanning procedures and had given their
consent to the investigation. The inclusion crite-
ria of the study were Central European origin,
body mass index (BMI) within the normal range
(13) and absence of craniofacial anomalies, facial
trauma or previous orthodontic treatment. Over-
all, 120 facial scans from 30 children (17 boys,
13 girls) from the original sample of 45 subjects
were included in the study because only subjects
with a complete series of scans were included.

Scanning and image processing

Three-dimensional facial images were taken
using a high-resolution optical scanner Vectra-
3D (Canfield Scientific, Inc., Fairfield, NJ, USA)
based on stereophotogrammetric technology.
The subjects were scanned sitting on a chair.
They were instructed to look directly to the front
and to relax their face with lips together if possi-
ble. The capture time was 2 ms which mini-
mized changes in position or facial expression.
The model was imported into RapidForm 2006

89



software (INUS Technology Inc., Seoul, Korea)
for further processing. Finally, each facial model
was composed of a triangulated surface mesh
with different numbers of vertices.

Dense correspondence analysis

Prior to any other surface-based methods and
analysis (i.e. facial averaging, principal compo-
nent analysis), standardization of all facial mod-
els was performed. A dense correspondence
algorithm (11, 12) was used to convert all the
surface models into polygonal meshes with the
same number of vertices by finding mutual cor-
respondences between all facial models.

The first step of dense correspondence analy-
sis (DCA) was to manually place nine reference
landmarks on each facial model. One model was
selected as the base mesh, and the other models
were aligned to it on the basis of 9 reference
landmarks (right exocanthion, left exocanthion,
right endocanthion, left endocanthion, nasion,
pronasale, right cheilion, left cheilion and pog-
onion). Generalized Procrustes analysis (GPA)
was used to register the landmarks by removing
translational and rotational (14) differences from
the data. GPA enables either normalizing the
models to equal sizes or preserving the size. The
mean position of each landmark was computed.
Each surface model was then warped into the
mean position of the reference landmarks using
the thin-plate spline (TPS) technique (14). Corre-
spondences between the vertices of the base
mesh and points in other meshes were found
based on the closest point principle. Finally, all
the surface models were unwrapped back to
their original position by inverse TPS taking the
points of correspondence with them. In this
way, all of the surface meshes had the same
number of vertices, which could be used as
landmarks for further analysis. DCA is part of
the subroutine of in-house Morphome3cs soft-
ware (http://cgg.mff.cuni.cz/trac/morpho).

Facial averaging

The average facial shell for each specific group
was created using the tools available within
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Morphome3cs software (including DCA, GPA
without normalizing the size). Finally, four aver-
age male facial shells and four female facial
shells, one each at ages 12, 13, 14 and 15, were
constructed. The average faces were then
imported to RapidForm 2006, where morpho-
logic differences between all pairs of sex-specific
faces were compared using a specialized super-
imposition technique, which has been used and
described previously (15). The parameters used
in our study were colour deviation maps and
histogram plots, which were used to visualize
and quantify areas of difference between two
average facial shells. In each age category, the
average female face was used as the initial (ref-
erence) shell. Generally, the more protrusive
parts of the female faces were represented in
red. The parts which were situated more deeply,
compared to the male faces, were in blue and
vice versa. The tolerance level was set at
0.5 mm, and areas with deviation below this
threshold were represented in black and were
considered to be similar.

Shape and form analysis

Principal component analysis (PCA) was used to
explore the relationships between groups of
males and females in each age category and
also to analyse their variability. PCA was per-
formed both with and without normalizing size
to evaluate the variability of facial shape and
form. The study was mainly focused on those
components that distinguish males and females
in each age category in the best possible way,
that is those that most markedly exhibit sexual
dimorphism. The analysis was supplemented by
PCA scatter plot, which was used to visually
represent variation among the individuals in the
sample for a selected pair of principal compo-
nents (PCs).

Multivariate permutation testing of PCA scores
(16) was used to assess statistically significant
differences in facial shape and form between the
groups. The significance level was set at 0.05.
The broken-stick criterion (17) was used to
determine the number of statistically significant
components included in the analysis. PCA and
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permutation testing were performed in Morp-
home3cs.

Results

Analysis of facial form

First, variability of facial form in boys and girls
aged 12-15 was evaluated in the pooled sample.
Table 1 shows a summary of the statistically sig-
nificant PCA components according to the bro-
ken-stick criterion, which explained from 62.5%
to 72.2% of variability. However, sexual differ-
ences in each age category (Fig. 1) were best
characterized using the first two components
(PC1 and PC2), which together were responsible
for more than 50% of the total variability in
facial form (specifically 53.4%, 55%, 55.3% and
52.4%, respectively, from age 12 to age 15). PCA
scatter plots (Fig. 1) show the relationship
between PC1 and PC2 components and allow
visualization of the distribution within each age
and sex subgroup. Generally, the variation of
facial form was greater in boys in all age catego-
ries with the exception of 14-year-old subjects,
where variability was similar for both sexes. The
PCA scatter plots further showed a high degree
of overlap in the distribution of individuals in
the 12- and 13-year-old groups, indicating that

boys and girls were indistinguishable in these
age categories. In the 14-year-old group, PCl
slightly separated boys and girls, and in the 15-
year-old group, the separation became much
more evident.

The results of a multivariate permutation test
of PCA scores are shown in Table 2. Statistically
significant differences in facial form between
boys and girls were found only in the 14- and
15-year-old categories.

Superimposition was used to evaluate differ-
ences between the average male face and the
average female face from 12 to 15 years. Visual
comparisons are shown as colour-coded maps
together with histogram plots, which display
objective differences between paired average
faces (Fig. 2). A decrease in the black areas was
apparent (from 36.08% at age 12 to 18.34% at
age 15) which indicated increased highlighting
of sexual differences with age. Comparison of
the average faces from the lateral view shows
that the lower third of the average male face is
longer in all age categories compared to females
(Fig. 2). As a result, female faces appear to have
relatively more protruding lower lips and
anterior parts of the chin (in colour-coded
maps), but in fact, these areas were situated
within the supramental concavity of average
male faces.

Table 1. Principal component analysis components of facial form and shape of boys and girls aged 12-15 according to the

broken-stick criterion

Age categories

12 years

13 years

14 years 15 years

% of variability

% of variability

% of variability % of variability

Number of components Form Shape Form Shape Form Shape Form Shape
1 38.4 25.0 41.5 19.7 39.2 25.1 34.2 24.5
2 15.0 12.9 13.5 16.2 16.1 14.7 18.3 15.6
3 8.9 1.5 8.2 12.2 9.6 13.8 10.0 11.6
4 6.6 8.9 55 8.9 7.3 10.1 9.2
5 7.5 7.0 7.2
6 6.7 6.1

7 5.7

) 68.9 72.5 68.7 75.8 72.2 63.7 62.5 68.0
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each subgroup.

In the 12-year-old group, the upper third of the
average female face was longer compared to
males. The female face tended to have a more
anteriorly situated eye region. In contrast, males
showed more marked protrusion of the lateral
part of the forehead and the eyebrow ridges, as
well as the nostril region, philtrum and upper lip.

In the 13-year-old group, the upper third of the
average female face was still slightly longer and
was also more protrusive in the central part of
the forehead. The deeper situated eye region in
males became more obvious compared to age 12,
and the central sections of the cheeks were more
prominent in girls. The boys had on average a

PC1 (34.2%) PC1 (24.5%)

larger and more protruding nose tip, nostrils,
area below the nose, upper lip and areas around
the corners of the mouth. The chin region
showed more marked protrusion compared to
age 12. These differences can be seen more
clearly in profile view (Fig. 2).

In 14-year-old girls, there were no apparent
differences compared to the previous age cate-
gory, except for a more protruding cheek region,
which became more evident and enlarged in
downward projection. There was a visible
increase in nose prominence connected with a
downward shift of both upper and lower lips in
boys.

Orthod Craniofac Res 2015;18:175-184 | 179
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In the 15-year-old category, the sexual dimor-
phic differences in favour of girls were again
apparent in the eye region and the cheeks. The
greater and more protrusive parts of the face in

Table 2. Comparison of facial shape and form differences
between males and females using permutation tests

Number of

components* p-value
Age
category Form Shape Form Shape
12 4 6 0.188 0.230
13 3 7 0.122 0.333
14 4 4 0.019 0.136
15 3 5 0.003 0.109

*Number of components included to the analysis according to
the broken-stick criterion.

Y
©E8
T
08
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12
years

14
years

i 00 i

favour of boys were the forehead (except the
central part), eyebrow ridges including the gla-
bellar area, the entire nasal region, upper lip and
mandibular area.

Analysis of facial shape

In this study, only variability in the facial shape
was evaluated, because no significant sexual
dimorphism in shape was found. Table 1 shows
a summary of those PCA components which cor-
responded to the broken-stick criterion. These
components explained from 63.7% to 75.8% of
variability in total facial shape. PC1 and PC2
described on average 38.4% of the total variabil-
ity (specifically 37.9%, 35.9%, 39.7% and 40.1%
at ages 12 to 15). PCA scatter plots (Fig. 1) show

Superimposition

Fig. 2. Average facial shells for
girls (left) and boys (centre) in
each age category and their
superimposition within the same
age category. Superimposition is
represented by colour deviation
maps, supplemented with histo-
gram plots and lateral views of
transparent facial surfaces (right).
The histogram plots show the dif-
ferences in the colour maps. The
more protrusive parts of the aver-
age female faces are represented
in red, while the parts which are
situated more deeply, compared
to male faces, are coloured blue
and vice versa in males. Black
represents the areas below the
tolerance level of 0.5 mm. The
percentages of black areas were
36.08%, 31.21%, 24.73% and
18.34% at ages 12, 13, 14 and 15.
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the relationship between the first and second
components and visualize the distribution within
each subgroup. Generally, variability in facial
shape was greater in boys in all age categories
with the exception of 14-year-old subjects, where
the variability was similar for both sexes. The
PCA scatter plots further show a high degree of
overlap in the distribution of individuals at ages
12, 13 and 14 and indicate no overall shape dif-
ferences. In the 15-year-old group, PC1 slightly
separated boys and girls.

The results of multivariate permutation testing
of PCA scores are shown in Table 2. No statisti-
cally significant differences in facial shape
between boys and girls were found in any age
category, so visual evaluation of facial shape was
not performed.

Overall, statistically significant sexual differ-
ences in facial morphology were found only in
the 14- and 15-year-old categories with respect
to form, while facial shape differences were not
observed in any age category.

Discussion

In the present longitudinal study, a 3D optical
scanning system and its applications together
with modern geometric morphometric methods
(GMM) were used to describe the development
of facial sexual dimorphism in children between
12 and 15 years of age. Previous longitudinal
studies describing the sex-related facial differ-
ences during growth were mostly based on
direct linear measurement of the face (18) or on
X-ray films (19, 20). These studies provide valu-
able information about the growth of individual
dimensions, but fail to capture the essence of
the face as a three-dimensional structure. The
3D imaging systems used in our study overcome
some of the limitations of such 2D methods,
because salient features of the facial form as a
whole are overlooked (21).

Variation in facial shape and form

According to the distribution of individuals, no
clear differences in variation between the two

Koudelova et al. Development of facial sexual dimorphism in children

sexes were found in any of the observed age cate-
gories with respect to facial shape (Fig. 1). Previ-
ous cross-sectional studies of soft-tissue facial
surfaces showed no significant differences in
overall facial shape in the 8- to 12-year-old group
(22) and slight but non-significant differences in
the shape of the lower facial third during puberty
(23). This is in contrast to a longitudinal craniofa-
cial study carried out by Bulygina et al. (24), who
found that differences in facial shape occur from
age 12, when growth trajectories in males and
females exhibit some degree of divergence.

In terms of facial form, the separation of both
sexes was observed from 14 years of age and
became more apparent in the 15-year-old age
category, which was confirmed statistically. This
sex differentiation was obtained using the first
component (PC1), which is usually interpreted
as a measure of size, while all the other compo-
nents are interpreted as measures of shape and
this association between size and shape during
growth is connected with ontogenetic allometry
(25). Facial form therefore more closely reflects
the development of facial sexual dimorphism
than facial shape.

Sex differences in various facial parts

In terms of the upper third of the face, the aver-
age female faces were found to have a larger
forehead in the lateral view in the 12- and 13-
year-old age groups. These findings correspond
with those of several previous studies (23, 26).
The most noticeable differences in this area were
found in the eyebrow ridges. Their lateral parts
were more prominent in boys from 12 years of
age and the prominence increased with age up
to 15 years, when the prominence extended up
to the glabellar area. In a slightly older age group
(15.5 years), prominence of the eyebrow ridges
was observed only in the lateral areas (27). In
association with the more prominent supraor-
bital part, eyes were situated more deeply in
relation to the facial plane in boys compared to
girls in all age categories. One possible explana-
tion is that sinus enlargement in conjunction
with size differences in certain areas of the orbit
might cause this difference in the prominence of
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the glabella and eyebrow ridges (9). Deeply situ-
ated eyes in males were also found in the study
population aged 15.5 years (27), as well as in
adult facial morphology (8).

In the middle third of the face, differences
were mainly evident in the cheeks and nose. The
cheeks were protruded more in girls, which cor-
responding with the increase in facial (buccal)
fat during puberty, which is generally much
more evident in females (28). On the other hand,
males had flatter cheeks in all age categories,
probably due to their wider frontal and zygo-
matic processes (29). The most distinctive differ-
ences were observed in the nasal region. While
in the 12-year-old group, no or minimal sex-
related differences were found, each part of the
nose subsequently enlarged with age. These
results correspond with previous 2D (30) and 3D
studies (27, 31). According to the hypothesis of
Rosas and Bastir (32), the size of the nose and
nostril soft tissues could be important in meet-
ing the greater oxygen requirements of males.

Overall, elongation of the nose also affected the
area of the philtrum and upper lip, which were
more prominent in boys in all age categories,
with prominence increasing with age. The same
results have also been described in similar stud-
ies (27, 31). In younger age groups (below
12 years), a fuller and more prominent upper lip
was found in girls (22). We also observed a
greater prominence of the lower lip vermillion
area in girls in all age categories and a more
prominent lower lip in boys from 14 years. These
differences could be observed in the lateral view
(Fig. 2). If male and female average faces were
ideally superimposed according to the lip area,
the whole lower lip would be more prominent in
boys. A more prominent lower lip in boys has
also been described in the slightly older age
group (15.5) (27). After 13 years of age, an overall
elongation of the lower face in boys occurred,
but due to the shift of the compared parts,
female faces appeared to have a relatively more
protruding anterior part of the chin, but from the
lateral point of view, these parts were situated
within the male supramental concavity. Length-
ening of the lower face was mainly due to puber-
tal growth of the mandible, which has been
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described in previous studies (24, 33). One of the
reasons for the more prominent mandibular
region is that the male muscles, which are stron-
ger compared to female muscles, produce greater
forces that affect mandibular growth (34).

Increasing size and shape (form) of facial fea-
tures during puberty is associated with a high
testosterone-to-oestrogen ratio (T/E ratio) (35).
Direct measurement of plasma testosterone lev-
els in boys during puberty shows its increase
with age, which results in larger and more
robust male faces compared to girls with mild
sexual ontogenetic allometric divergence (36).
The onset of puberty occurs about 2 years earlier
in females and the growth spurt slows down at
about 13 years of age (7, 24), while male growth
peaks at 15 years of age (37), so males take
longer to achieve full facial development and
their features appear more distinct (36).

Conclusions

1. Facial sexual dimorphism became more evi-
dent during pubertal growth (from 12 to
15 years). Significant sexual differences in
facial form were found, but only in the 14-
and 15-year-old categories.

2. No significant sexual differences in facial
shape were found between 12 and 15 years.

3. The variability of facial form was greater in
boys at ages 12 and 13; the female faces were
within the variability of the male faces, indicat-
ing that boys and girls are indistinguishable in
these age categories. At age 14, a slight separa-
tion between boys and girls was found and this
separation became more evident at age 15.

4. Three-dimensional surface-based analysis

together with geometric morphometric meth-

ods provides a qualitative and quantitative
non-invasive technique for studying facial
morphology.

Clinical relevance

Sexual dimorphism of facial morphology is
clearly present in adults, but the developmental
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aspects are not so clear. In this longitudinal
study, a three-dimensional optical scanning sys-
tem and its applications together with modern
geometric morphometric methods (DCA, PCA)

Koudelova et al. Development of facial sexual dimorphism in children

were used to provide a detailed analysis of the

facial surface as a whole, leading to a better
understanding of differences between the two

1388213.

sexes during pubertal growth. Knowledge of the
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