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Peculiarities of the Upper Lip Morphogenesis and Its Relation to Facial Development

Bukovinian State Medical University, Chernivtsi, Ukraine

Abstract. An appreciation of the fundamental principles associated
with the development of the craniofacial structures is essential for
attaining competency within the fields of facial surgery, dentistry and
pediatrics.

The objective of this literature review was to highlight the main
stages and precise time ranges of human upper lip development, as
well as to elucidate the fundamental mechanisms of normal
morphogenesis and possible congenital malformations.

The structures of the head and neck arise from the lateral portion
of the neural tube, which forms five pairs of branchial arches. Recent
studies have identified various molecular pathways (including Bmp,
Fgf and Shh signaling) and genetic mechanisms in human face
development. Primordial structures of the upper lip begin to appear
early within the 6" week of ontogenesis; their development involves a
number of highly coordinated, genetically programmed ontogenetic
mechanisms that include growth and expansion of the facial
prominences, programmed cell death, active fusion and breakdown of
the epithelial seam between the initially freely maxillary, medial nasal,
and lateral nasal processes. Defects of epithelial and mesenchymal
fusion during upper lip formation result in orofacial cleft. Further
research should be directed to studying normal ontogenesis at the
molecular and topographical levels with the determination of critical
periods, time ranges and developmental stages that are sensitive to
teratogens.

Keywords: upper lip; prenatal development; face; morphogenesis

Background

Congenital malformations rank first among the causes of
infant mortality and disability [4, 11, 17]. Cleftlip and cleft palate
being a group of conditions that includes cleft lip (CL), cleft
palate (CP), and both together (CLP) is the most common
craniofacial birth defect in humans that occurs once in 500—
2500 live births worldwide. In Ukraine, from 420 to 450 children
with CLP are born annually. Over 300 Mendelian syndromes in
humans include CLP as a part of the phenotype [12, 16].

Theupper lip (UL) is formed by the fusion of facial processes
in which many genetic and environmental factors are involved
[7]. Much confusion exists in the literature concerning
morphological processes and mechanisms leading to the
formation of normal UL, topographic relations between the
midfacial structures during ontogenesis, formation of the CLP
and other congenital malformations ofthe oral cavity.

The study of developmental defects can improve the
understanding of the mechanisms of normal human development as
well as congenital malformations and can help select the most
appropriate time for correcting any facial abnormality. An
understanding of the fundamental principles associated with the
development of the craniofacial structures is essential for attaining
competency within the fields of facial surgery, dentistry and pediatrics.

Therefore, the objective of this literature review was to
highlight the main stages and precise time ranges of human UP
development, as well as to elucidate the fundamental mechanisms
ofnormal morphogenesis and possible congenital malformations.

Main part

The peculiarities of prenatal development of the craniofacial
region have always been an acute topic for research and
discussion [1, 7, 9, 12]. The formation of the UL and palate is
known to be a complicated process which is composed of a series
of highly coordinated steps during tissue morphogenesis. Recent
studies have clarified various molecular pathways (including
Bmp, Fgfand Shh signaling) and genetic mechanisms in human

face development. Genetic variations in TGFocs, RARocs,
NADH dehydrogenase (an enzyme involved in oxidative
metabolism) and cytochrome P-450 (a detoxifying enzyme) have
been implicated as contributing genetic factors for CLP
development [3, 11].

F. He and Chen Y. (2012) described Wnt signaling as an
essential process (I-catenin-dependent (canonical) or I-catenin-
independent (non-canonical) Wnt signaling pathway) in UL
fusion and, therefore, the formation of the UL as well as the
development of the secondary palate; its effect on the pathology
of these structures, the determination of cell death, the regulation
of cell proliferation, differentiation, and survival [5].

Another method of influence is the fibroblast growth factor
(FGF) receptors of which are expressed at specific stages and
precise locations during normal formation of the UL and palate
regulating cellular processes. Mutations in FGF signaling
pathway gene are associated with syndromic forms of CLP with
mutations in FGFR1 and FGFR2 [19].

Sonic hedgehog (Shh) is an ectodermal signal that regulates the
proliferation of mesenchymal cells in ectoderm and
transdifferentiation of epithelial cells to mesenchymal processes of
cell death, which is necessary for fusions between palatine processes.
In addition, Shh expression in facial ectoderm supports cell survival
at the initial stages of ontogenesis and contributes to the proliferation
at later stages to control the size of facial protrusion [21].

The structures of the head and neck arise from the cephalic
portion of the neural tube, which forms five pairs of branchial
arches [13]. Each arch consists of three layers: outer layer of
ectoderm, middle layer and inner layer of endoderm. The
development of the facial structures starts with the stomodeum
which develops into the mouth during the fourth week of
ontogenesis. By the fifth week of the prenatal development, the
medial (MNP) and lateral nasal (LNP) processes develop on
either side of the frontonasal process (FNP). The medial one
forms the UL [22].

Tadahiko lizuka (1973) divided the development of the UL
into 5 stages [7]. At the first stage, the fusion between the MNP
and the maxillary processes does not involve both sides, while
atthe second stage, it occurs on more than two-thirds of the total
length of the future UL on both sides. The third stage shows that
more than two-thirds of the total length of the future UL fuse on
both sides, although the boundary grooves between the processes
are still deep and can be easily recognized. At the fourth stage,
the grooves are less distinct as compared to the previous stage
and hardly traceable. The fifth stage is characterized by almost
completely developed UL without boundary grooves. The author
emphasized that although in several cases, the difference in
development of the UL was observed during the initial stages of
its formation, there was found no consistency among them.

Relying on fundamental works of human facial
embryogenesis it is possible to understand a detailed step-by-
step pathway of the UL development using the Carnegie staging
system (CSS) for human embryos [1, 7, 9, 12, 17-22]. At stage
11 (the 24™ day of gestation), according to the CSS, the
stomodeum (primitive mouth) is separated rostrally by the
developing forebrain and caudally by the developing maxillary
arches; the UP is not found yet. An embryo, at this stage, has 19
pairs of somites and 2 pairs of branchial arches. At stage 12 (the
26™ day of gestation), the facial primordial consists of
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prominences surrounding the stomodeum and the FNP is
identified on its rostral side. The embryo has three pairs of
branchial arches. The stomodeum becomes a transverse slit-like
structure that is laterally separated by a pair of the maxillary
processes and caudally by mandibular processes [21]. During
stages 13-15 (from the fourth to the fifth weeks), the medial
ends of the mandibular processes form the lower lip and the jaw.
At stage 14 (32 days of gestation), nasal pits are formed. Stage
15 (the 35" day of gestation), shows rapid growth of mesenchymal
connective tissue in the maxillary processes and ventrolateral
growth of the MNP. At this stage, the UP s laterally represented
by the maxillary processes, medially — by the MNP with the
LNP found between the medial nasal and maxillary processes.
Therefore, the LNP and the maxillary process are components
of the structure of the UL [9, 11].

At stage 16 (the onset of the 6" week), the MNP and maxillary
process grow and fuse quickly; damage to this process can result
in lateral cleft lip. The type of CLP indicates the inability of
MNP fusion with both maxillary processes and the LNP during
the development of the UL. This epithelial fusion continues from
stage 16 till stage 18 when the groove between the MNP becomes
smooth and the nasal pits convert to nose chambers and nasal
duct[1]. X.C. Jian, et al. reported on a rare clinical case of massive
medial cleft of the UL in a 4-month-old boy with a successful
surgical treatment [8].

During stage 16 (the 38" day of gestation), three auricular
hillocks may be distinguished on the hyoid arch; the cerebral
vesicle is prominent and the retinal pigment is observed externally.
The cervical sinus disappears totally at stage 17 when the groove
between the maxillary process and the LNP becomes visible and
the nasal sac is formed. The critical period of UL formation is
known to appear between stages 17 and 18. The eyes and nasal
pits move to the medial portion of the face at stage 18. At this
stage, the maxillary processes constitute more than two-thirds of
the UL and both MNP start forming the future nose [3, 7].

At stage 19 (the 48" day of gestation), after the breakdown
of epithelial seams and mesenchymal fusion between the MNP
and the maxillary processes, formation of the UP is completed.
The intermaxillary segment derived from the distal part of the
MNP forms the central part of the lip. During this period, the
anterior part of the primary palate arises from the intermaxillary
segment in the oral cavity and, then, connects to the secondary
palate derived from the maxillary processes. Since the fusion
between the primary and secondary palates occurs much later
ontogenetically than the fusion between the maxillary process,
the MNP and the LNP during lip formation, damage to the process
of lip fusion often affects palatal contact secondarily. As a result,
CL is usually accompanied by CP [9]. However, some authors
stated that the complete formation of the UL and its surrounding
areas is completed only at fetal stage 21 [20]. The early rapid
growth of the UL and, accordingly, early maturation are not
surprising considering the phylogenic importance of well-
developed lips for breast-feeding.

As mentioned above, the morphogenesis of the craniofacial
tissues and structures has a complex basis and is associated with
anumber of factors, which include the origin of tissues, molecular
control of growth disturbances and others [1, 6, 13]. The FNP
forms the forehead, the bridge, and dorsum of the nose and the
nasal bones. The MNP forms the columella of the nose, the
philtrum, the perpendicular plate of the ethmoid bone and the
vomer, the cribriform plates, and the primary palate. The LNP
forms the sides and alae of the nose. The maxillary processes
form the upper cheek region and most of the UL, the maxilla,
the zygomatic bone, and the secondary palate. The mandibular
processes form the chin, the lower lip, the lower cheek region,
and the mandible [2, 10, 18, 22]. B.K. Hall, et al. (2013) noted
the importance of the nasal septum as a pacemaker for midfacial
growth, and its effect on skeletal and soft tissues [4].
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R. Nagaoka, et al. (2012) described the relationship between
embryonic hypoxia and UL formation. In hypoxic embryos, the
activity of the LNP mesenchymal cell proliferation decreased
being accompanied by reduced regulation of the genes being
involved in UL formation resulting in insufficient growth of the
facial processes [15].

The UL is known to be supplied with blood by two superior
labial arteries originating from each facial artery [ 18]. According
to the O. Magden, et al. (2004), about 30% of the labial arteries
have a unilateral origin. Therefore, it is recommended to conduct
preoperative examination of the vascular system before any
microsurgical repair of the lips [12].

The palate develops from the MPP, the LPP, and the nasal septa.
The MNP, a part of the intermaxillary segment, is called the primary
palate as well; the lateral palatine process is called the secondary
palate. When the coordinated development of these processes and
the tongue is damaged, a cleft between the processes may develop.
The exact time of palatine closure and critical periods of its
development are still insufficiently studied [4, 5, 19].

As concerning the prenatal development of the mandibula
and the adjacent oral region, T. Humphrey (1971) concluded
that more rapid growth of the mandibula is accompanied by
change in the position of the tongue and the palatine processes
[6]. This acceleration in mandibular growth depends on the
presence of the tongue in the floor of the mouth, rather than on
change in the position of the palatine processes and the UL.

T. Humphrey[6] noted that the movement of the mandibula
during the prenatal development promotes increased growth of
blood vessels which affect the accelerated morphogenesis of both
the mandibula and the oral cavity (the UL in particular).

The facial muscles arise from the mesenchyme of the second
arch and are innervated by the facial nerve. The derivates of the
facial muscles are identified between the 6™ and 7" weeks of
ontogenesis [10]. The superficial musculoaponeurotic system
(SMAS) is a continuous, organized meshwork connecting the
facial muscles to the dermis that is identified since the 8" week
of ontogenesis. The SMAS is not identifiable in the labial region;
however, the SMAS type 1 is clearly visible in the UL and ends
postnatally at the nasolabial fold [2].

The Juxtaoral organ (Chievitz organ) is a rudimentary
epithelial structure with a neuroendocrine function that appears
since the 7" week of ontogenesis. It is located deep to the medial
pterygoid muscle at the level of the pterygomandibular raphe in
close relation to fibers of the buccal nerve and consists of three
fibrous strata (the stratum internum, the stratum externum and
the stratum nervosum). J. R. Miirida-Velasco, et al. (2005)
classified three stages of the Juxtraoral organ development: the
blastematic stage, the cavitation stage and the maturation stage
[14]. The function ofthis organ is controversial possibly including
secretory, neuroendocrine, masticatory, mechanic and sensory
as well as sensory and nervous ones.

CLPis known as orofacial cleft as well. It is generally divided
into two groups: isolated CP and CL with or without CP,
representing a heterogeneous group of disorders affecting the
lips and the oral cavity. CLP can occur in isolation or as a part of
broader range of chromosomal, Mendelian or teratogenic
syndromes. The effect on speech, hearing, appearance, and
psychology can lead to long-lasting adverse outcomes for health
and social integration. Although there has been marked some
progress in identifying genetic and environmental triggers for
developing CLP, the etiology of the isolated forms at the
ontogenetic level remains poorly studied [17, 19].

Conclusions

A detailed study of normal morphogenesis, anatomical
peculiarities of the formation of the UL in the prenatal period of
human development has both theoretical and practical
significance for understanding the mechanisms of the possible
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occurrence of congenital diseases, variants and deficiencies, and
the development of more effective methods for correcting these
anomalies by surgical methods. Further studies of pre- and
postnatal developmental features of the UL and adjoining facial
structures, in particular, will be useful in planning the
reconstruction of congenital lip defects and in-depth knowledge
of the mechanisms of ontogenesis and successful treatment of
congenital malformations such as CLP.
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OcobiuBocTi MOpdorenesy BepxHboi rydu Ta ix 3B 530K i3
PO3BUTKOM JIMIEBOI JiIAHKU

BJIH3 VYxpaian “BykoBUHCHKHMI Aep)KaBHUII MEAWYHHUN yHIBEp-
curer”’, M. YepHiBui, Ykpaina

Pe3tome. Po3yMiHHSA OCHOBOIIOJIOKHUX NIPUHIIMIIB, TTOB’SI3aHUX 3
PO3BHUTKOM CTPYKTYP YEPEIHO-THIEBOI IUITHKH Ma€ B)XKJIMBE IPaK-
TUYHE 3HAYEHHS B raJly3sX JIMLEBOI Xipyprii, CTOMaToIOrii Ta neaiaTpii.
Meroro TaHOro OISy JITEpaTypy € BUCBITIICHHS OCHOBHHUX €TaIliB 1
Ta JUCKYCIHHUX MUTaHb U100 YacOBHX Jiana3oHiB eMOpioreHesy
BEPXHBOI TyOU JIOAWHM IS 3’ SICyBaHHS OCHOBHUX HOPMAalbHHUX
MOP(OTEHETUYHUX MEXaHI3MIB OHTOTEHE3Y Ta MOXJIMBUX BPOMKEHUX
Bajl po3BUTKY. CTPYKTYpH TOJIOBH 1 IIHi MOXOAATH 3 JIATEPAITHLHOI Yac-
TUHHU HEPBOBOI TPYOKH, sIKa yTBOPIOE I’ ITh Hap 3510poBux Ayr. OcTaHH1
HayKOB1 JOCTI/KEHHS BKa3yIOTh Ha Pi3HI MOJEKYIIPHI (BKIIOUAIOYH
Bmp, Fgf'i Shh nuaxu curnanisartii) 1 reHeTHYHI MEXaHI3MH PO3BUTKY
CTpyKTyp muus. CTPyKTypu BEpXHBOI I'yOU 3’SIBIIOTHCS HA MOYATKy
6-TO TWO)KHSI OHTOTE€HE3Y, 1 IX PO3BUTOK BKJIIOYAE B ceOe sl BUCOKO-
CKOOPJMHOBAHMX Ta F'€HETHYHO 3alPOrPaMOBAaHUX MEXaHI3MIB POCTY
KJITHH, PO3IIUPESHHS JIMIICBUX BHUCTYIIIB, 3alIPOrPaMOBaHy 3arudenb
KJITUH, aKTUBHUI CHHTE3 1 pO3MaJ| €HITeIaIbHOTO 1B MDK CIIOYaTKy
BUIBHO PO3TAIIOBAHUMH BEPXHBOILCICITHUMH, MEAIATBHUMU 1 OTYHUMHU
HOCOBHMH BifipocTKaMu. JleheKTH emiTeniaTbHOro 1 Me3eHXIMaIbHOIO
3IUTTA B Ipoueci GopMyBaHHS BEPXHBOI I'yOH MOXKe IPHU3BECTU 10
BUHUKHEHHS PO3TBOPY BEepXHbOI IyOu i minHeOiHHA. [loganbiii BuB-
YeHHS CNiJl HAIPaBUTH Ha BHUBYCHHS HOPMAIbHUX 3aKOHOMIPHOCTCH
HOPMaJIbHOTO OHTOTeHE3y Ha MOJICKy-IIIpHOMY 1 ToIorpadhidHOMYy piB-
HSIX 3 BU3HAUCHHSIM KPUTHYHUX [EPIOJIiB, YACOBUX Jlialla30HiB 1 YyTII-
BUX CTaJill JUIsl TEPaTOrCHHUX BILUIMBIB HA JIFOICHKUI €MOPIOH.

Kniouosi cnosa: eepxua zyba, npenamanvbuuil po3sumox, uuyesa
odinanka, mopghozenes.

Hueuxano A.B., Kysusax H.b., Ilonosa U.C., Onuiinvix U.1O.,
Jmumpenko PP, Ilepeowuinuc I111., lopuykuii A.B.

OcoGennocti MopdoreHe3a BepxHeii ry0bl 4 HX B3aMMOCBSI3b
¢ pa3BUTHEM YepenHo-JuLeBoii od1acTn

BI'Y3 VYkpauns! “bykoBHHCKHI roCyaapcTBEHHBIN MeIUIIMHCKUI
yHHUBepcuTeT”, T. UepHOBIbI, YKpanHa

Pe3tome. IlonnmaHne OCHOBHBIX ITPUHIIUIIOB, CBSI3aHHBIX C POCTOM
U Pa3BUTHEM CTPYKTYP UEpPEIHO-JIMIEBOH 00JaCTH MMEET BaXKHOE
[IPaKTHYECKOE 3HAYCHHE B IULIEBOH XUPYPT UM, CTOMATOIOT UK U TTeIHa-
Tpuu. llenpio KaHHOrO 0030pa JUTEPaTypH! SABISETCS OCBELICHUE
OCHOBHBIX 3TaIlOB M JMCKYCCHOHHBIX BOIIPOCOB CBA3aHHBIX C BPEMEH-
HBIMH JIMana3oHaMH 3MOpHOreHe3a BepXHeW TyObl YeloBeKa s
BBISICHEHHS OCHOBHBIX HOPMAIBHBIX MOP(OTeHETHIECKIX MEXaHH3MOB
Pa3BUTHS U BO3MOXKHBIX BPOXJIEHHBIX aHOMAJIUH BEpXHEH TyObI.
CTpyKTypBI TOJIOBBI 1 ILIEU BOSHUKAIOT U3 JIATEpaJbHOM YaCTH HEPBHOM
TpyOKH, KOoTOpas o0pasyeT mATh map »xabepHbIX nyr. [locnennue
Hay4HBIE HCCIICJOBAHUS YKa3bIBAaIOT Ha PA3IMYHbBIE MOJICKYISIPHbIC
(sxmouast Bmp, FGF u Shh mytu curnanuzanum) u reHeTnyeckue Mexa-
HU3MBI Pa3BUTHUA CTPYKTYp jua. CTPyKTypsl BepxXHeil IyObl MOsB-
JISIIOTCS B Havayie 6-f HeJlenu OHTOreHe3a, U UX Pa3BUTHE BKIIOYACT B
ce0s Pl BBICOKOCKOOPAMHUPOBAHHBIX U TE€HETUYECKU 3allporpaMMHU-
POBaHHBIX MEXaHH3MOB POCTa KJIETOK, paclIMpeHHe JHULEBBIX OT-
POCTKOB, 3alpOrpaMMHUpPOBAHHYIO THOEIb KJIETOK, aKTUBHBIA CHHTE3
1 pacraj 3MUTEIHAIBHOTO IIIBa MEKLy TIOHa4YaTy CBOOOIHO pacIoso-
JKCHHBIMU BEPXHEUCTIOCTHBIMHU, MEANAIBHBIMU U OOKOBBIMH HOCO-
BBIMH OTPOCTKaMH. JIeheKThl AMUTENHANBPHOTO U ME3CHXUMAIBHOIO
CIIMSHYA B Iporiecce GOpMHUPOBaHUS BEpXHEH TyObl MOTYT IPHBECTH
K BO3HUMKHOBEHHIO pacLIeNUH BepxHel TryOnl u HeOa. [lanpHelimme
HCCIIENI0BAaHM ClIeAyeT HAIpPaBUTh HA M3y4CHHE 3aKOHOMEPHOCTCH
HOPMaJIbHOTO OHTOT€HE3a BEPXHEH I'yObI Ha MOJIEKY/IIPHOM H TOIIOIpa-
(HUECKOM YPOBHSX C ONpPEIEICHUEM KPUTHYECKUX NEPHOIOB, Bpe-
MEHHBIX AMANa30HOB M YyBCTBUTEIBHBIX CTAAUN UL TEPaTOr€HHBIX
BO3CHCTBUI Ha YENOBEUYCCKUI IMOPHOH.

Knioueswie cnosa: eéepxmuan zyba, npenamanvHnoe pasgumue,
auyo, mopghozenes.
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