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Editor's Note: The following is a reprint of a report published in

Science (acknowledgments are below). Typically we do not replicate

in CPJ material published elsewhere. We make this exception in the

belief that the material in this report is unique and so highly relevant

to our area of interest that reprint is not only justified but indicated.

Clefts of the primary and secondary palate are among the most

important congenital malformations, judging by the burden of expense

and unhappiness they impose on society. Yet evidence of the embryo-

logical mechanisms by which they occur is scattered, scanty, and

conflicting. In view of this fact, a small group of workers, directly

involved in research on palate formation and its failure, met in

Denver 22-23 May 1967 to evaluate the current status of knowledge in

the field. Two days were spent in comparing data, slides and opinions,

and although no intellectual breakthroughs were achieved, or indeed

anticipated, the resulting consolidation of knowledge may stimulate and

orient further efforts in this area. In the following account, references

will not be given to published work, but unpublished observations will

be acknowledged by including the participant's name in parentheses.

The primary palate (lip and gum) is formed from the maxillary and

nasal processes at an early stage of development when many important

organogenetic processes are rapidly occurring. There are, as one might

expect, differences among species in morphology of the early face. For

instance, in the rat and mouse the central part of the upper lip is

formed by the maxillary processes, which meet each other in the

midline. In man it is formed by the medial nasal processes. Rat and

mouse differ in the relative size and position of medial and lateral nasal

processes. Yet the mouse, rat, and human embryos are remarkably similar

in size when the face is forming, and basically the process of face formation

appears to be the same in the mammalian species studied.

Evidence from amphibia and chick shows that the nasal placodes are

induced in the presumptive face epithelium primarily by the parts of

the forebrain that will become the olfactory lobes. The mesenchyme of
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the swellings, or processes, that form the early face are derived from

neural crest cells that migrate from the neural crest, above and below

the optic cup, and by their proliferation raise the overlying ectoderm to

form the processes. Extirpation of the neural crest on one side of the

forebrain region frequently results in clefts of the primary palate (or

beak, comparable to the mammalian lip) on the same side. Thus a cleft

lip could be determined by interference with neural crest cell migration

at an embryonic stage well before there was any sign of a face. What

factors determine the routes of migration of the neural crest cells thus

becomes a matter of some relevance. They appear to follow natural

cleavage planes between mesoderm and ectoderm or endoderm (M. C.

Johnston, University of Toronto). Much more study of this important

process is required.

The appearance of a cleft lip requires a breakdown of tissue between

the medial nasal, lateral nasal, and maxillary processes in the area where

they meet (the isthmus). Maintenance of an intact isthmus depends on

fusion between the epithelia just in front of it, at the posterior end

of the nasal pit (that is, between the lateral surface of the medial

nasal and the medial surface of lateral nasal and maxillary processes).

Internally the fused epithelia form the nasal fin. In the mouse, at least,

spontaneous lateral cleft lip results from partial or complete failure of

fusion between these epithelia, with subsequent breakdown of the isth-

mus. Differences in shape of the embryonic face may alter susceptibility

to cleft lip by changing the relation of medial nasal to lateral nasal

and maxillary processes, thus making it more or less easy to maintain

epithelial fusion (D. G. Trasler, McGill University). This concept is

supported by the results of treatment during pregnancy with salicylate.

In a strain of mice in which the medial nasal processes are set close

together, and do not diverge widely towards the maxillaries, the treat-

ment causes lateral cleft lip. However, in a strain with widely spaced,

sharply diverging medial nasal processes a median cleft is produced.

Similarly, in the rat, maternal treatment with methyl salicylate,

trypan blue, or 9-methyl pteroylglutamic acid, causes cleft lip associated

with a failure of the normal extension laterally of the medial nasal

process, and with a short maxillary process. It was not clear whether

the latter was caused directly by the treatment, or was secondary to

the defect in the medial nasal process. The same teratogens can also

produce median clefts which apparently result from insufficient ap-

proximation of the medial processes (I. Monie, University of California

Medical Center, San Francisco).

Although the conference was directed to the question of pathogenesis

rather than etiology, some discussion of causal factors was inevitable.

Cleft lip in both mouse and man shows a strong familial tendency,

indicating that genetic factors are involved. However, there is no simple

mode of inheritance, at least for the usual types of defect. Anomalies

of tooth morphology in children with cleft lip, indicating early de-



CLEFT LIP AND CLEFT PALATE 189

velopmental interference, were proposed as evidence of a teratogen

causing abnormalities not limited to the primary palate-possibly a

virus (B. Kraus, University of Pittsburgh). Conceivably the dental

anomalies could result from abnormal stresses resulting from the cleft

in the primary palate. The question remains open.

In summary, formation of the primary palate and lip is a compli-

cated process, involving the delicate integration of many processes, and

can be disrupted in many ways. Interference with the origin, migration,

or proliferation of neural crest cells could prevent successful formation

of the facial processes. Alterations in the points of induction of the

nasal pits, or in the paths of migration of the neural crest cells, could

bring about changes in face shape that would make the embryo more,

or less, able to achieve and maintain fusion of the processes. There

could be interference directly with fusion of the processes, or formation

of the nasal fin. Both genetic and environmental factors could impinge

at various points of the system. More information is needed about

the anatomical and biochemical events involved in formation of the

. face, both normal and abnormal. What determines the migration of

the neural crest cells, the sites of the nasal placodes, and the topograph-

ical relations of the facial processes? It may be that an approach to

prevention may come from learning how to modify these prerequisites

to successful lip formation rather than from studies directed at the

stage when the defect is actually appearing.

The secondary palate closes well after the primary palate at a stage

when most organogenetic processes are over. The palatal shelves, which

will eventually form the roof of the mouth, first appear as downgrowths

from the inferior surface of the maxilla. The shelves are posterior to

the primary palate and on either side of the tongue, as if compressing

it. There are differences among species in the dimensions and shape

of tongue, jaws, and shelves, but the extent to which they reflect

differences in the mechanism of palate closure is not known.

In order to close, the shelves must change their position from the

vertical to the horizontal plane, which requires displacement of the

intervening tongue. The process involves a complicated interaction of

the shelf movement, tongue resistance, mandible growth, and head

growth. All these factors need to be coordinated with one another

and probably with many other factors to achieve successful closure.

At the beginning of closure the shelves are lying parallel to one

another, with the tongue between them. Palatal movement begins

posteriorly and proceeds anteriorly. A finger-like projection appears

to extend backward at the posterior end of the shelf, and it is this

projection that first moves in above the tongue. Possibly this is aided by

changes in the contours of the posterior pharyngeal wall which may

displace the back of the tongue downward sufficiently to allow the

inward movement of the shelf projections (F. C. Fraser, MceGill Uni-

versity). If the tongue is experimentally removed in the living embryo
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just before closure normally begins, the shelves rapidly move upward

and medially toward the horizontal, even against gravity. Such ex-

periments have sometimes been confounded by the effects of surface

tension, but movement does occur when the shelves are completely

immersed in fluid (B. E. Walker, University of Texas Medical Branch,

Galveston; D. G. Trasler). Thus there is a force (shelf force) building

up within the shelves which causes them to move against the resistance

of the intervening tongue.

At the beginning of closure, the tip of the tongue is lying behind

the primary palate. It then moves forward, sliding down the sloping

posterior surface of the primary palate and coming to lie under its

inferior surface. There is evidence (mouse) that shelf movement begins

before tongue displacement. It may be that the primary palate acts as

an inclined plane, displacing the whole tongue downward as it moves

forward, thus creating a space above the tongue into which the shelves

can move (F. C. Fraser). Forward and downward movement of the

tongue may be aided by forward growth of the mandible (I. Monie).

Reorientation of the shelf from vertical to horizontal proceeds pos-

teroanteriorly until the whole shelf becomes horizontal. There was no

consensus on whether this is brought about by a change in shape, with

the medial wall of the shelf bulging into the space above the tongue

and concurrent retraction of the ventral edge, or a 90-degree sweep of

the shelf in "barndoor fashion". In the rat, at least, it may be the former

at the back and the latter at the front. In some embryos fixed during

closure, one shelf is horizontal and the other vertical with the tongue

displaced toward the side of the horizontal shelf. Perhaps in the

struggle of the shelves toward each other against the resisting tongue,

it is easier for one shelf to move medially than for both to do so

simultaneously. We do not know what proportion of embryos go through

this stage but there is evidence that some do not (D. G. Trasler).

After both shelves become horizontal, they become progressively more

flattened. Their free edges approach one another to meet, at a point about

one-third of the length of the shelf from the front. Epithelial fusion

then spreads anteriorly and posteriorly, followed by breakdown of the

apposed epithelia to give mesenchymal continuity. Formation of the

soft palate occurs by merging, rather than fusion (man).

Little is known of the nature of the force that causes the shelves

to move. Possibilitiee include mitotic growth changing the stresses on

encircling epithelia, increase in volume of the mesenchyme or inter-

cellular material, changes in vasculature, or a change in the physical

properties of some supporting framework that gives the shelf its shape.

There does not appear to be collagen in the shelves previous to

closure, but there is rapid synthesis of acid mucopolysaccharide. The

most convincing model was a mechanical one based on a report that

at the beginning of palate closure the cranial base is flexed in the

area of the craniopharyngeal canal. As palate closure progresses there
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is a gradual reduction in flexure of the cranial base until, when the

shelves are horizontal, the cranial base is straight. This can be repre-

sented by a piece of parafilm cut in the outline of a sagittal section

of the vertical shelf, with a piece of string attached to the convex border

to represent the cranial base. When the string is pulled, and the con-

vexity of the base reduced to a straight line, the distal part of the

model shelf will rotate to a plane perpendicular to the proximal part,

much as the embryonic shelf appears to do (A. C. Verrusio, National

Institute of Neurological Diseases and Blindness). The shelf force

might therefore result from a straightening out of the shelf's attached

edge, by longitudinal growth of the floor of the skull, or decrease in

the angulation of the cranial base, or both. This mechanism would re-

quire a flexible framework in the shelf, that might possibly be formed

by acid mucopolysaccharide.

The tongue, too, may play a role in shelf closure. Several questions

need further investigation: Is the tongue displaced by the moving

shelves, possibly aided by changes in contours of the pharyngeal

wall, or by forward growth of the mandible and the inclined plane

of the primary palate, or by sudden changes in degree of flexion of

the head as it is in the rabbit (B. E. Walker), or by a combination of

several of these? After the tongue comes to lie beneath the shelves,

it may aid flattening of the shelves and hasten the meeting of their

free edges (D. G. Trasler). However, in the rat, fusion does eventually

occur in shelves explanted with their maxillary base, in the absence

of the tongue (R. Gerstner, New York University). In the rabbit the

tongue appears to be an important factor in shelf movement. The

shelves do not move to the horizontal rapidly when the tongue is pulled

out of the way experimentally, as they do in the mouse. There is

evidence that shelf closure may depend on displacement of the tongue

from between the shelves by sudden hyperextension of the neck and

pressure on the shelves from below by the displaced tongue (B. E. .

Walker). _

The anatomical differences between species in the embryology of .

palate formation are small, but not negligible. If these observations

are to have any relevance to man we need to know which, if any,

of the anatomical differences reflect differences in the mechanism of

closure.

Theoretically cleft palate could occur as the result of: delay in shelf

movement, due to decreased shelf force, or increased tongue resistance,

or decreased tongue pressure, or other obstruction to the shelf; an

abnormal shelf, which may be too narrow, or pathologically incapable

of movement; failure of shelf fusion; abnormal head width; or post-

closure reopening. Many of these possibilities have been demonstrated,

either through the use of teratogens or study of mutant genes.

Decrease in shelf force has been demonstrated in vivo following

treatment with cortisone, hypervitaminosis A, and x-ray (B. E. Walker).
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Cortisone added to the medium in vitro delays movement of explanted

shelves towards each other, when the palatal region is explanted at

a stage before movement begins (R. Gerstner). The modes of action

of such teratogens, and others that may act on the shelf force, are

still unclear. Several teratogens (for example, cortisone, salicylates)

decrease synthesis of acidic mucopolysaccharide, which is normally oc-

curring rapidly in the shelves preceding closure [K.-S. Larsson, Karo-

linska Institute, Stockholm (published observation)]. A variety of

antimitotic agents (for example, x-ray, colchicine, 6-aminonicotinamide)

may cause cleft palates. Changes in fluid content have been reported,

but it is not clear whether these and other alterations in shelf metabo-

- lism are the cause or the result of interference with shelf movement.

According to the hypothesis that lengthening of the shelf base is the

basis for the shelf force, antimitotic agents may act by delaying growth

of the cranial base, and so might agents that interfere with cartilage

growth, such as cortisone and 6-aminonicotinamide. There is need for

further detailed study of the morphology, vasculature, and biochemistry

of normal and teratogen-treated shelves before and at the normal time

of closure.

Increased resistance of the tongue to shelf movement can occur in

many ways. Overconstriction of the embryo, as from oligohydramnios

(for example, following amniocentesis in the mouse) may result in the

tongue being crammed between the shelves. However, reduction in

amniotic fluid volume appears not to be the precipitating cause of cleft

palate following treatment with cortisone or 6-aminonicotinamide.

Failure of forward movement of the tongue, due to micrognathia, may

be the cause of the cleft palate in the Pierre Robin syndrome, though

other explanations are possible. The cleft palate that frequently occurs

with cleft lip appears to result from obstruction to forward movement

of the tongue by the unduly large median process present in embryos

with cleft lip. Theoretically, an unduly large tongue could increase

tongue resistance and delay movement. However, no examples of this

were cited. Paradoxically an unusually small tongue may get cupped

between the shelves so firmly that it is difficult to dislodge, as in

the recessive "shorthead" mutation in the mouse. A small tongue could

also delay the shelf flattening and approach to the midline that occurs

after the shelves have moved above the tongue. _

If displacement of the tongue depends on hyperextension of the

head (for example, in the rabbit), cleft palate could result from

interference with this mechanism (B. E. Walker) by cervical, vertebral

deformities as in cleft palate induced by chloreyclizine (A. J. Steffek,

National Institute of Dental Research) or in the Klippel-Feil syn-

drome; by oligyhydramnios; or by lack of muscle tone as in the "fetal

muscle degeneration" mutation of the mouse.

Whether active movement of the tongue may aid the shelves to

wriggle their way in above it is an open question. The tongue responds
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to artificial stimulus at the time of shelf closure, but it is not known

whether the myoneural mechanism for movement is functional at this

time. Obstruction to shelf movement by structures other than the tongue,

such as an anterior encephalocoele, is another possible cause of cleft

palate which is observed rarely in the mouse (D. G. Trasler) and man.

Changes in the interrelation of shelf and tongue may lead to more-

or-less delay in shelf movement to the horizontal plane. If growth of the

head continues there will be a particular stage in development beyond

which, if the shelves come up, they will no longer be able to meet,

and a cleft palate will result. The variability in stage of shelf move-

ment can be thought of as a continuously distributed variable, and the

point beyond which they cannot meet as a threshold separating nor-

mality from abnormality. In this sense cleft palate is a threshold

character. »

A number of examples are known of shelves that are too abnormal

to permit closure. In the urogenital mutant of the mouse the shelves are

too narrow. The "phocomelic'"' mouse mutant has shelves with abnor-

mal cartilaginous bars which appear to interfere with movement. Hyper-

vitaminosis A results in hypoplastic palate shelves with abnormal

cartilage and bone formation in the rat. Chloreyclizine and related

compounds result in a fusion of the tongue with the vertically oriented

palatal shelves. However, in this case the glossopalatine fusion is

probably not the cause of the cleft. Palatal clefts have also been in-

duced by chlorcyclizine in a nonrodent species, the ferret (A. J.
Steffek). _

Although failure of fusion of the horizontal shelves is clearly not

the mechanism by which some cleft palates occur, it is certainly a

possibility for others. In culture, studies of fusion (that is, adherence of

the apposed epithelia to form a septum, which is continuous) show that

cell adhesiveness increases at the free edges of the shelves immediately

before shelf elevation. Experiments involving dissociation and re-

combination of cell layers indicate that this "zone of adhesiveness"

appears in the epithelium as the result of an induction by the under-

lying mesenchyme (M. Pourtois, University of Pittsburgh). The mesen-

chyme may also influence the rupture of the epithelial wall. Vitamin

A in excess in the medium causes the mesenchyme to separate from the

epithelium. Under these conditions the shelves could still achieve epi-

thelial fusion but not the subsequent breakdown of the epithelia. Pre-

vention of epithelial breakdown was also observed in the presence of

cortisone, which had a cytotoxic effect on the mesenchyme (M. Pourtois

and V. Vargas, University of Pittsburgh). In the mouse, palates have

been observed at term in which the shelves are in contact but not fused.

These may result from abnormal head growth leading to the shelves

meeting at abnormal angles. Thus, the epithelia in contact are not

competent to fuse (D. G. Trasler).

Postclosure reopening, possibly as a result of viral infection (B.
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Kraus), is another possible origin of cleft palates. The existence of

epithelial pearls in the line of fusion of the humanpalate (though not

in lower mammals) and their presence in the shelves of a human fetus

with cleft palate could be interpreted as evidence of midline breakdown

of the fused palate. However, further evidence is needed. . -

Finally, the shelves may move to the horizontal at the right time,

but fail to meet because the head is too wide. No proven case of this

situation was cited. Possible examples may be the cleft palate following

treatment with folic acid antagonists (D. G. Trasler) or associated

with hypertelorism in man.

In summary, palate closure is a complicated process involving syn-

chronized interactions of shelf, tongue, jaw, and head. Major interference

at various points of the system either by specific environmental agents

or by mutant genes can bring about failure to close. Study of these

examples as well as further study of the normal embryology of closure

may lead to further understanding of the process. It is likely that

many "spontaneous" clefts in man may result from interaction of

a large number of minor genetic and environmental factors which to-

gether cause delay in movement of the shelves to a point at which,

when they do come up, they are too far apart to meet. Efforts to

reduce the frequency of cleft palate in man should be directed not

only to a better understanding of the process of closure and to the

identification of specific environmental teratogens, but also to learning

how to promote early shelf closure, thus reducing the probability that

the embryo will reach the threshold of abnormality (F. C. Fraser).

Much remains to be done.
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