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A total of 45 subjects, 15 complete unilateral cleft lip and palate
(UCLP), 15 complete bilateral cleft lip and palate (BCLP), and 15
cleft palate only (CPO) were studied. Measurements of alveolar
points on maxillofacial models were taken of each subject at 5
months, 19 months and 4 years of age. The results revealed
different types of growth retardation among the cleft groups. A
comparison with 10 controls at 4 years of age showed that the
dimensions of the three cleft groups were smaller than the controls,
especially at the anterior region of the maxilla. These findings
suggest that the relation of the nasal septum to the palatal processes
may play an important role in the underdevelopment of the maxilla

in the cleft lip and palate patients.

Midfacial retrusion with dental crossbite
is a characteristic of many patients with
cleft lip and palate. The causes of under-
development of the maxilla are thought to
include alveolar arch collapse following lip
and palatal surgery (Harvold, 1954; Wada,
et al., 1975, 1976), maxillary tissue defi-
ciency (Coupe and Subtelny, 1960; Hud-
dart, 1969) and of less maxillary growth
potential in these patients (Van Limborgh,
1969).

Exactly how this is brought about has
long been a subject of controversy. How-
ever, the secondary displacement of the
alveolar segments following surgery is one
of the major factors to cause the underde-
velopment of the maxilla. The deformity
varies with differences in discontinuity of
the lip, alveolus and palate, and with differ-
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ences in the union between the nasal sep-
tum and palatal processes.

The aim of the present study is to com-
pare the growth changes of the maxillary
dental arch in different types of cleft, and
to obtain information about the possible
role of the nasal septum in the growth of
the maxilla.

Sample

A sample of 45 subjects was used in thec
study: 15 with complete unilateral cleft lip
and palate (UCLP), 15 with complete bilat-
eral cleft lip and palate (BCLP), and 15
with cleft palate only (CPO). In the com-
plete unilateral cleft lip and palate cases the
palatal processes on the non-affected side
were united to the vomer. In the complete
bilateral cleft lip and palate cases there was
no union between the palatal processes and
the vomer. Cases of cleft palate only were
selected with a cleft of both the hard and
soft palate so that almost a total lack of
union between the palatal processes and
the vomer could be recognized clinically
through the palatal cleft.

Records for each cleft group were ob-
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tained just prior to lip repair (stage 1), just
prior to palatal repair (stage 2) and at about
four years of age (stage 3). Details are pre-
sented in Table 1. Ten normal controls
were matched to the cleft groups for the
final record at four years.

The cleft lips were repaired using Ten-
nison’s triangular flap operation and the
palate by a mucoperiosteal push back. For
the bilateral cases lip repair was performed
in one stage.

Method

For a three dimensional analysis of max-
illary growth in early childhood, we had
previously devised a maxillofacial model
which includes the patient’s upper jaw and
upper face on the same model (Wada, et
al., 1971, 1975). The apparatus for taking
the impression consists of a tray with facial
and palatal components, an attached face
bow and index rods to locate the tragia
(Figure 1a). An impression is taken under
general anesthesia of each patient’s upper
jaw and upper face simultaneously using
alginate impression material (Figure 1b). A
plaster model is poured and trimmed to
give a horizontal plane related to the three
reference points mid-endcanthion, and
right and left tragia (Figure Ic, 1d).

The measurement points used are de-
scribed and illustrated in Figures 2 and 3.
All markings and measurements on the
models were made by one of the authors
(N.M.). The measurement error was found

TABLE 1. Description of the Sample

CLEFT-TYPE DIFFERENCE IN DENTAL ARCH GROWTH
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to be less than 1.3 per cent (co-efficient of
variation) in all three dimensions studied.
A comparison of the upper facial dimen-
sions of Tr.-Tr. and End.-End. revealed a
uniform distribution of the patients within
the groups. There were no significant dif-
ferences between the cleft groups and with
the control group related to age, body
weight and upper facial dimensions. It was
concluded that the horizontal plane was
acceptable as a basis of measurement.

For the statistical analysis, means and
standard deviations were calculated for
each dimension. The Student t-test (two
sample) was used to compare the various
groups and a significant difference was pre-
determined at 5 per cent level of confi-
dence. The analysis was made longitudi-
nally for each group at succeeding stages
and cross-sectionally between the groups at
each stage.

Results

I. DIMENSIONAL CHANGES WITH AGE

UCLP (FIGURE 4). Prior to lip repair at
stage 1 in the UCLP group, there was
lateral displacement of point I and a greater
anterior arch width compared to that of
the later stages. This common feature re-
sults from the presence of the anterior cleft
and the rotation of the segments. The pos-
sible explanation could be the asymmetrical
muscle pull, tongue pressure or the natural

UCLP Group BCLP Group CPO Group Cont. Group

Stage 1: at lip surg.

Number 15 15 — —

Body weight (kg) 7.0+ 0.6 6.9+0.5 — —

Age in month 5.0+0.3 4903 — —
Stage 2: at palatal surg.

Number 15 13 15 —

Body weight (kg) 10.1 £0.7 10.1 £ 0.6 10.3 £ 0.9 —

Age in month 19.0+ 0.9 19.2 £ 0.6 18.0 £ 0.5 —
Stage 3: at 4 years of age

Number 15 15 15 10

Body weight (kg) 14.8 1.0 145+ 1.2 14.8 0.8 14.1 1.0

Age in month 48.0 = 5.1 46.1 £ 5.1 46.0 = 4.3 45.0 = 4.6
Total Observations 45 43 30 10

Means and S.D. given for body weight and age. There were no significant differences in the mean body
weight, and in the mean age between the groups at the same stage, at 5% level of confidence (t-test).
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FIGURE 1. Procedure for making maxillofacial model.

FIGURE 2. Three dimen-
sional analysis of the maxilla on
the maxillofacial model. Point I
(Incisal point): the tip of the inter-
dental papilla between the central
incisors, or a point on the crest of
the alveolar ridge crossed by a
line connecting the incisal papilla
and the labial frenum. Point C
(Canine point): the tip of the in-
terdental papilla between the ca-
nine and first molar, or a point on
the crest of the alveolar ridge at
the labial sulcus. Ret (retromolar
point): the posterior limit of the
tuberosity.

free expression of the growth of the sepa-
rated alveolar segments under the cleft
condition. Following lip repair these alveo-
lar segments showed remarkable changes
of shape. The maxillary arch assumed a
symmetric form with point I on the midline
by stage 2 (prior to palate repair). Maxillary
growth in depth and in height showed sig-
nificant increases and the maxilla as a whole
showed growth in a forward direction. Fur-
ther, the fact, that point I was brought to
the midline suggests that the effect of mold-
ing action on the major segment after lip

edentulous
maxilla

maxilla with
deciduous teeth

repair is advantageous and may not cause
extreme arch collapse due to the excessive
movement of the major segment. The
shape of the maxillary arch at stage 3 was
similar to that of stage 2. Growth in height
showed significant increase but not in
depth and in width between the stages 2
and 3. The maxillary arch form remained
unchanged without any more secondary
segmental displacements after palatal re-
pair.

BCLP (FIGURE 5). The shape of the max-
illary arch in the BCLP group showed sym-
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FIGURE 3. Measurements
used for the analyses of the max-
illo facial model. The anteropos-
terior depth of each point was
measured from the bi-tragel line,
vertical heights were measured
from the horizontal plane, and
arch widths were recorded in the
anterior (c-c) and posterior (Ret-
Ret).

mid

metry through all the stages and the di-
mensional growth at each stage was differ-
ent from that seen in the UCLP group.
The point I on the protruded premaxilla
showed little increase in depth but signifi-
cant increase in height between the stage 1
and 2. However, there were remarkable
depth and height increase at points C and
Ret., and both anterior and posterior arch
widths showed little change during this pe-
riod. The possible explanation for these
growth changes is the effect of molding
action after lip repair which caused down-
ward flexion of the premaxilla without
greatly affecting the lateral segments. A
small increase in all alveolar points in depth
was noted but not in the height between
the stages 2 and 3. There was a decrease
in width at stage 3 after palatal repair,
CPO (FIGURE 6). There were no remark-
able changes in dimensions in the CPO
group, except the height of point I between
stages 2 and 3. This may indicate that after
the palatal repair in this group there was
significant maxillary growth only in the

height

anterior alveolar region in a downward
direction.

II. DIMENSIONAL CHANGES BETWEEN
DIFFERENT CLEFT TYPES (TABLE 3)

Stage 1: The dimensional growths be-
tween the UCLP and BCLP groups were
compared at this stage. Figure 7 presents
the composite mean pattern of each group.
The anterior arch width in the UCLP
group was significantly greater than that of
the BCLP group, and the depth of point I
in the BCLP group was significantly
greater than that of the UCLP group.
However, there was no significant growth
differences in the heights of all of the al-
veolar points and the three dimensional
growth at point Ret. showed almost the
same characteristic. These findings may
suggest that the lateral displacement at the
anterior portion of the alveolar segments
in the UCLP group, and the protrusion of
the premaxilla in the BCLP group are the
characteristic feature in each group, but
the growth at the posterior alveolar region



184

Cleft Palate Journal, July 1984, Vol. 21 No. 3

mid 1

60 —

N

ine

SN

20 - O———0O Stage 1
Omeme O Stage 2
Q@e=mme® Stage 3
Depth 10 =
Tr T T T T T Tr.
20 10 0 10 20  (in mm.)
Arch width
Horizontal plane
Height 10— D=0 Stage 1
Omeme(Q Stage 2
20— Q@o=mmme@ Stage 3
,O
I’ )
l’ ./
<
50—
mid line (in mm.)

FIGURE 4. Composite mean patterns of the maxillary arch form of the complete unilateral cleft lip and

palate group (UCLP group).

does not depend on the type of the cleft by
the time of lip repair.

Stage 2: The dimensional growth of the
maxilla in the UCLP, BCLP and CPO
groups were compared at this stage. Figure

8 presents the composite mean pattern of
each group.

The dimensions at this stage were ob-
tained just prior to the palatal repair. As
seen in Table 3, the only significant differ-



185

Wada, et al., CLEFT-TYPE DIFFERENCE IN DENTAL ARCH GROWTH

“(g0" > d) sa8ers Suipasoons usam1aq dULIYIUSIS 4

03 F LSS 1 F82¢ ¥'¢F3388 L'CFTTH I'¢ ¥ 1'9% 9°¢ F¢¢¢ 9°¢ FGES PEF 09 ¢ o8e1g
1043U07)

L€ F 19 0ZF31I¢ 0% F 983 G'¢ F §68 0¢ F 82 % F L03 G'¢F 608 % F 886 ¢ a8e1g

«l

6’1 F 66§ 6TFI11¢ L'8FELS 9TFFLE 8% F 668 S'¢F 663 9TFG LY 6 F 09 g 98u1g
0dD

$'€FGGE L'EFGLE 6'GF LS SYFELE CEFSIV SEF IS 9ECF6IG 8'EFEI9 ¢ o8eig

[ "
L'3F 8L ¢ F60¢ SV F 163 8¢ F G LS 9V F8'I¥ 8¢ F 6°0¢ 6'¢F '8 0°G ¥ 086 g ?8e1g
« [ | « «l

¢ FH9¢ 8¢ F ¢€S 72 F 0638 1'Z2F31¢ YeFI'VE 98 FELE L'TF0TE 8% F 0°9G [ 98e1g
104

L' F 868 3T F 608 PEFEIE CTFIIH 8T FV¥¥ 6°¢F 10 6'CF 36 6 F L9 ¢ 98e1g

M| M| «l
GEFGLS €8 F 35388 TEFLLS 93 F 8°9¢ L5 F 8'6€ L'S F 608 LSF LY 6'¢ F €69 g °8e1s
[ [ «l «l « «l "

I'ZF 08¢ $'Z ¥ 8°G¢ L'TF €63 IIF6IE 8L FFe 0SF8LE I's F9'1¥ I'¢F¥21§ 1 98wig

410N
1919y 20 9y o} I 0y o) I
syIpIm yory srydapy syrdaq

sdnoin) 139[D JULISJI Ul Yoay [eIud( Ale[[IXe]y Y3 jo suoisudunq ‘g ATdV.L



186  Cleft Palate journa],]ulyv1984, Vol. 21 No. 3

mid line
70 —
(]
PIN
7 AN\,
. ’ \\
4 N, e
Cd
s 50— S
40
30
20— O] Stage 1
Qmeme=(O Stage 2
@:c=m=m.® Stage 3
Depth 10
Trs T T T T T Tr
20 10 0 10 20 (in mm.)
Arch width

Horizontal plane

Height 10 Qe Stage 1

Ommm O Stage 2

@+.=mume+® Stage 3
20 —

50 =
mid line (in mm.)

FIGURE 5. Composite mean patterns of the maxillary arch form of the complete bilateral cleft lip and
palate group (BCLP group).
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FIGURE 6. Composite mean patterns of the maxillary arch form of the cleft palate only (CPO) group.

ence was the smaller posterior arch width BCLP groups were almost similar to that
in the CPO group compared to the UCLP  of the CPO group. Thus, the lip repair
group. Arch forms in all groups showed performed in the study did not inhibit the
symmetry. It is interesting to note that the growth of the maxilla and the molding
dimensional growth of the UCLP and action after the repair led to good arch
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TABLE 3. Comparison of Cleft Types at each Stage

Depth Height Width
1 C Ret I C Ret C-C Ret-Ret

Stage 1

UCLP vs BCLP * — — — — _ * _
Stage 2

UCLP vs CPO —_— — — — — — — *
Stage 3

UCLP vs BCLP * * * * * * * *

BCLP vs CPO — — — — — — * _

Con vs UCLP * * * — — — * *

Con vs BCLP — — — * * * * _

Con vs CPO — — — * * * * .

* Indicates significance (p < 0.05). All other measurement differences were not significant.

alignment. The arch forms showed sym-
metry without an excessive arch collapse at
the alveolar cleft region.

Stage 3: All measurements between
UCLP and BCLP were significantly differ-
ent. Depths were less, while heights and
widths were greater in UCLP than BCLP.
The growth rates in depth, height and
width in the CPO group were about half of
the UCLP and BCLP groups. The anterior
arch width showed a tendency to decrease
in the UCLP group and more remarkably
in the BCLP group after palatal repair.
However, there was a small amount of in-
crease at the anterior and posterior arch
widths in the CPO group. These findings
suggested that the secondary displacement
of the alveolar segments and the narrowing
of arch widths could be caused by the pal-
atal repair, but the degree varied depend-
ing upon the type of the cleft.

III. GROWTH OF CLEFT GROUPS
COMPARED TO CONTROLS

Table 3 and Figure 9 show the compar-
ison of the three cleft groups and the con-
trols at stage 3. The three cleft groups were
smaller than the controls in all dimensions,
especially at the anterior portion of the
alveolar segments including points I and C.
Growth in depth of the UCLP group and
in height of the BCLP group were signifi-
cantly less than those of the controls.

It has been our clinical impression that
the patients with isolated cleft of the palate
who have incomplete union between the
nasal septum and the palatal processes show

a tendency for underdevelopment of the
maxilla at a young age, even with no palatal
surgery. This observation is confirmed by
the present study which has shown a defi-
nite tendency for growth retardation es-
pecially at the anterior portion of the max-
illa in all three dimensions in the CPO
group at this older age level. These facts
suggest that the secondary segmental dis-
placements as seen in the UCLP and in the
BCLP groups are major factors in the un-
derdevelopment of the maxilla. However,
the growth retardation as seen in the CPO
group is not the result of the segmental
displacement but suggests that there might
be another factor which may reduce the
growth potential of the maxilla with any
cleft in the nasomaxillary complex. In ad-
dition to the morphological difference seen
in the lips, alveolus and palate, a definite
difference in the skeletal configuration of
the cleft group as compared to the controls
was the lack of union between the nasal
septum and the palatal processes of the
maxilla in the present study.

Wada and associates (1980) studied the
effect of vomer resection on midfacial
growth in beagles and the results showed
that the resection or absence of the vomer
was an important determinant of antero-
posterior growth of the maxilla. This sup-
ported the view that the vomer may serve
as more than merely a mechanical support
for a part of nasal septum. It was also
supported (Stenstrom and Thilander,
1970) that the cartilagenous nasal septum
increased in height postnatally by apposi-
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FIGURE 7. Mean patterns of maxillary arch form between the UCLP and the BCLP groups at stage 1.

tional growth along its borders with the
nasal and vomeral bones. Histological in-
vestigation in man by Melsen (1977) also
showed that the increase of the nasal sep-
tum which took place during postnatal de-
velopment was mainly due to apposition on
the posterior margin and on the superior
surface of the vomer. Sarnat and Wexler

(1966) studied the effect of injury to the
septovomeral region on growth of the rab-
bit snout and suggested that “in children
with complete bilateral clefts, the upper jaw
is unable to obtain a full expression of
growth because of lack of contact with the
septovomeral region. . .”. Although the un-
certainties whether the septal cartilage has
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an active or passive role for the midfacial
growth appear to exist still today, there is
general agreement that the nasal septal car-
tilage, and the vomer might contribute to

the growth activity by maintaining normal
facial form and might be an essential struc-
tural component of a growth system of the
maxilla. With this in mind, the hypothesis
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might be proposed that the functional con-
nection of the vomer with cartilagenous
nasal septum and with the palatal processes
of the maxilla is of great importance.

The union between the nasal septum and
the palatal processes of the maxilla differs
according to the type of the cleft and this
study showed different growth in each
group at stage 3. It is interesting to note
that the growth in height of both the BCLP
and CPO groups showed the same tend-
ency for retardation. Both of these groups
showed a lack of union between the nasal
septum and the palatal processes, and the
skeletal morphological difference between
the two groups was the presence of the cleft
of the alveolus in the BCLP group and its
absence in the CPO group. This common
feature related to the lack of union to nasal
septum might have caused a growth retar-
dation in height. The growth in depth of
the BCLP group was similar to the controls.
The reason for this is that the premaxilla
had an optimal growth potential because of
its attachment to the nasal septum. The
lateral alveolar segments also achieved a
forward growth by new bone appositions
on the posterior region of the maxilla, since
there was no restraint from the lip and the
premacxilla.

The UCLP group showed growth retar-
dation in depth. The push back operation
for the palatal closure employed in this
group included the elevation of the vomer
flap for the construction of the nasal floor.
Then, the repaired condition of the palate
tends to show a “septo-palatal ankylosis” of
which the original palatal cleft was packed
with scar tissue along with the bony cleft of
the palate and with the lower portion of
the nasal septum. It is possible that the
“septal sliding effect along with the vomer
in the forward growth” could be inter-
rupted by the formation of the scar tissue

between the vomer and the palate after
palatal surgery, as has also previously been
mentioned by Melsen, 1977; Wada, et al.,
1980.
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