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This study is based on serial lateral X-ray headfilms from one month
to ten years for 64 children with unilateral cleft of lip and palate
(UCLP), 32 children with bilateral cleft lip and palate (BCLP), and 78
children with cleft palate only (CPO). Measurements for eleven dimen-
sions and three angles were obtained. These included measurements for
the cranial base, facial heights, midfacial depths, and the mandible.
The 10-year period was divided into infancy, i.e., birth to one year;
early childhood, i.e., one to six years; and mid childhood, i.e., six to ten
years. All measurements were evaluated on the basis of growth time
and growth velocity. The shape of the cranial base as seen in the sellar
angle was influenced by clefting whereas the size, i.e., the clival length
and the anterior cranial base length were affected by sex. No sex
differences were observed for the angle S-N-A. Face heights, midfacial
depths, and mandibular body length were all found to be larger for
males.
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Introduction

This study is an extension of an earlier one
(Krogman et al. (1975)) on children with uni-
lateral cleft lip and palate (UCLP), bilateral
cleft lip and palate (BCLP) and cleft palate
only (CPO). The age and sample size have
been increased, and males and females are
considered separately. Thus, this report is in
greater depth and provides increased perspec-
tive on growth as it relates to age and sex
within the three cleft-types.
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Materials and Methods

Serial radiographs were measured of 174
children, 64 with unilateral cleft lip and pal-
ate (UCLP), 32 with bilateral cleft lip and
palate (BCLP), and 78 with cleft palate only
(CPO). Table 1 presents summary informa-
tion for this sample.

Data on the lateral roentgenographic head-
films with respect to several major growth or
morphological areas are presented. Three an-
gular relationships and 11 dimensions were
measured: Ba-S, the clival length; S-N, the
anterior cranial base length; Ba-S-N, the sel-
lar angle; N-ANS; N-Ids, upper face heights;
Idi-Gn, lower face height or the mandibular
symphyseal height; S-N-A, the angular rela-
tionship of the profile of N-A in the upper
face to S-N; Ptm’-ANS, the palatal length;
Ptm’-A; Pun’-KR, the posterior half of the
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TABLE 1. Sample Sizes*

UCLP BCLP CPO
Age
Male Female Total Male Female Total Male Female Total

0:1 18 9 27 9 6 15 7 8 15
0:3 8 5 13 8 3 11 10 7 17
0:6 26 14 40 10 9 19 16 19 35
1:0 30 22 52 14 9 23 27 33 60
1:6 25 18 43 15 11 26 27 31 58
2:0 33 23 56 16 11 27 30 35 65
3:0 36 23 59 20 12 32 30 42 72
4:0 37 26 63 19 11 30 28 39 67
5:0 37 26 63 18 11 29 30 43 73
6:0 37 26 63 20 11 31 31 41 72
7:0 35 24 59 16 9 25 27 41 68
8:0 32 22 54 15 5 20 23 38 61
9:0 25 20 45 15 7 22 19 31 50
10:0 24 16 40 11 3 14 11 28 39

* 64 UCLP, 32 BCLP, 78 CPO: total 174 casc historics.

FIGURE 1. Cephalometric  end-

points, dimensions, and angles.

palatal length; KR-ANS, the anterior half of Finpinas

the palatal length; Ar-Go, the ramal height;

Go-Gn, the body length; and Ar-Go-Gn, the Possible sex differences were ascertained by
gonial angle. All these dimensions and angles using the t-test. The differences found to be
are shown in Figure 1. The detailed defini- statistically significant are given in Table 2.
tions are given in Krogman et al. (1975). In Tables 3 through 9, the means and stan-
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TABLE 2. Significant Sex Differences for Different Cleft Types Discovered by t — Test at a = .05*

Age
Variable Group
0:1 03 06 1.0 1.6 2.0 3.0 40 50 60 7:0 80 9:0 10:0
Dimension UCLP X X X X
Ba-S BCLP X X X
CPO X X X X X X X X X
Dimension UCLP X X X XX X X X O'X X
S-N BCLP X X X
CPO X XX XX XX XXX
Angle UCLP X
Ba-S-N BCLP X X O O %X O O I X X
CPO
Dimension UCLP ¢ X
N-ANS BCLP
CPO X X X X X X
Dimension UCLP X
N-Ids BCLP
CPO X X X X X X
Dimension UCLP X
Idi-Gn BCLP X X X
CPO X XX X X
Angle UCLP
S-N-A BCLP X X
CPO
Dimension UCLP
Ptm’-ANS BCLP
CPO X X X X X
Dimension UCLP
Ptm’-A BCLP
CPO X X X X X X X X
Dimension UCLP X
Ptm’-KR BCLP X X
CPO X
Dimension UCLP
KR-ANS BCLP
CPO X X
Dimension UCLP X
Go-Gn BCLP D¢
CPO X X X X X X
Dimension UCLP X X
Ar-Go BCLP
CPO X
Angle UCLP
Ar-Go-Gn BCLP 'X X X X
CPO
* An X indicates a significant difference. The superscript in front of X indicates the index of the group having the larger mean (1 = males, 2 = females).

dard deviations for selected dimensions and
angles are presented. The detailed tables for
other measurements can be obtained from the
authors. However, in Table 10, the total
growth that occurred during the 10 year pe-
riod covered in this study for all measure-
ments is given.

Results and Discussion

A. CraNIAL Base

Table 2 shows that for clival length (Ba-S)
sex is a factor in CPO and possibly in UCLP
but not in BCLP. The clival length for UCLP
for the pooled data presented here agrees very



TABLE 3. Means and Standard Deviations of Dimension Ba-S (in MMs.)

Pooled

Females

Males

BCLP CPO

UCLP

BCLP CPO

UCLP

BCLP CPO

UcLp

Age
yremo

1.50

28.0 2.76
30.8 2.66

26.6
268 33.2 243

2.05
3.26
2.21

2.08 27.1
276 236 306

26.3

1.62

264 274 257 082 265

27.0 2.74 30.0

1.50
3.

1.74 28.0 212 267

26.3

0:1

280 220 309 3.76 28.7

1.73 27.0 2.00

09

0:3

31.0

314 285

333 278
34.8

1.82

29.8 324 308 239 299

319 229 334

323 224 312 215 319 311

0:6

33.8

1.74 326 2.56

343 270 34.0 3.19 34.0 2.03
354 266 35.1

36.5

1:0
1:6
2:0
3:0
4:0
5:0

6:0

265 342 259

3.00

253 347

222 342 232 335 255
342 230 350 286 344 240

35.7

4.1

3

2.38
1.80

289 35.1

354 237

285 369 270 364 254

35.6 266 35.5

36.7
37.7

250 359 3.14 365

36.2 286 360 248

2.72

374 275 37.3 258 369 257

83
2.58

2.
344 389 275

328 37.0

384 254 375

38.7
346 404 3.66 39.1

3.05 414 268

289 373
41.0 325 421

3.10
3.31

37.1 269 358 204 363 254

358 379 3.01

38.8 293 393 224 390 267

38.0 3.00 382

38.5
39.5

2.24

374 332 380 232

37.1
39.4 292 386 276

38.0 3.32 37.0 245

39.0 3.07

39.8 347 394 336 402 283

40.2

2.85
2.24

2.71

40.0

396 3.43

409 244 400 282
419 242 403

3.51

7:0
8:0
9:0

10:0

39.3

409 2.76 398 3.11 38.7 225 41.1

1.86

413  3.27

264 40.1

408 289 409 279 394 292
419 274 440 5.29 40.1

2.06

243 413

412 356 427

42.1 306 433 3.00 409 3.25

3.31

243 428 223

.1 331 431
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closely with the data of Aduss (1971) and
McNeill (1962). Males have a larger S-N di-
mension (Table 2) especially in UCLP and
CPO.

Over and beyond cleft-type and sex, a pos-
sible cranial shape factor may be operative.
Thomson (1903) found a high positive corre-
lation between total cranial length as mea-
sured from glabella to opisthocranion and
anterior cranial base length as measured from
sella to nasion. Long-headed crania were
classed as dolichocranic, and short- or broad-
headed crania were classed as brachycranic.
Hence, the dolichos have a larger S-N than
the brachys. During 1947-1971 at the Growth
Center in Philadelphia, several thousand
heads of children from the “Greater Delaware
Valley” area were measured. Long-headed-
ness was the major tendency in this sample.
Our cleft-palate sample does not differ sig-
nificantly in ethnic origin from the Philadel-
phia sample. Thus, the tendency to long-
headedness is apparent in the present data.
An additional observation is that males, in
general, tend to long-headedness and females
to broad-headedness. The greater male S-N
length, perhaps, is a true sex and ethnic factor,
wholly unrelated to clefting.

The sex difference in angle Ba-S-N (Table
2) seems to exist in relationship to clefting,
rather than to male-female differences. The
sellar angle is definitely an indication of
greater cranial flexion in the females, partic-
ularly in BCLP. It seems logical that the more
severe the cleft type in females, the greater
the sellar angle of basicranial flexion. This
situation almost certainly is a carry-over of
differential embryogenesis in the females.
Burdi and Silvey (1969) provide a possible
explanation when they state that the timing
of the elevation and medianward movement
of the palatal shelves occurs later in the fe-
males. Since, at the same time-interval, cra-
nial flexion, cerebral flexion, and pontine flex-
ion, in that order, are occurring, it is possible
that the extent of such flexion in the females
over a longer period of time will be greater.
This permits the conclusion that the larger
sellar angle in the females, the most marked
in BCLP, is an early and real sex-cleft occur-
rence which persists into the first decade of
postnatal life.

An over-all interpretation of a possible sex
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and the sex-size factor appears in a dimen-
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38 therefore, to conclude that cranial base shape
Sl RIl2e g it g g § 2 s g 5 5 ; is influenced by clefting, while cranial base
oo © size is a manifestation of a male dominance
Jagzegg-zgygogryg| factor . o
RN R I R I R I The growth of the cranial base is quite
S 200 mnnen o9 ng complex, for it involves two different types of
SER3B355838858B8BR| growth velocity, i.e., Scammon’s neural curve
and his general or somatic curve (Harris et al.,
1929). The former has a high velocity and
reaches 95% of its value by about seven years.
The latter has high initial velocity (to about
5. 3 E § § § § § :i E § § § § § 5:0), then slow (to about 10:0), then rapid to
o™ o . R
2 15:0, declining by 18:0 to 20:0. Ba-S, with the
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JE sa2s32LIsseezan spheno-ocmpltal synchondrosis that gives rise
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S-N was longer than Ba-S and that the pro-
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equal rates of growth in each dimension. Bro-
die, Jr. (1955) demonstrated via angular mea-
Slazsgezragngngng | surements that each part of the cranial base
o P|ciwwaiaaasenndoac| complexwasa growth constant up to 18 years
S lmmmwev oo of age. In a more sweeping generalization
I e B = B B ol s Elmajian (1959) stated that the plane of the
sphenoid, the cribriform plate of the ethmoid,
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Jaldlgo2eesaxeaxan Ta) and the curve of the great wing of the sphen-
Q Ul N NN NN . . .
§ 3 oid hold a steady relationship to one another.
R e g § g ; % g g E § g % 'é % g The foregoing data emphasize our own
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Bl Bl N I IS B I natal decade. Our findings also affirm that
8 2D RN TATIAG R gy cranial base flexion has its transverse axis
TTEBTETEELS ~| through the body of the sphenoid (Moss and
Greenberg, 1955). Like Ross (1965) we did
not find the “dyostosis sphenoidalis” reported
by Moss (1956). Nakamura ¢t al. (1972) found
no significant differences in the cranial base
2 Mmoo 0o oo oooooo| inclefting. Hayashi et al. (1976) found the
WE |S88 - ~di@ ¥ 8 EN&ES S| cranial base “flatter”, a possible tendency to
platybasia not discovered in our cranial base
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TABLE 9. Means and Standard Deviations of Dimension Go-Gn (in MM:s)

Pooled

Females

Males

BCLP CPO

UCLP

BCLP CPO

UCLP

BCLP CPO

UCLP

Age
yrimo

S.D.
3.26
3.66
2.48
3.16

46.6 3.56

S.D.

5.39 333 4.07

S.D.

1.95

32.7

4.43
3.10
3.27

350 34.7
354 3.57

34.0
41.0

3.24 325

33.7
35.4

319
344 359 4.36

370 362 3.15

34.2
354 4.17

0:1

35.5

38.7
350 420

4.13
3.83

49.6 3.45
52.8

2.08 35.0 2.58

2.79 37.7

39.1

0:3

39.3
466 3.35 44.1

383 2.13
488 4.12

39.4 3.08 41.0 3.20
440 428 473

406 3.38

419 343 429 3.21
459 388 46.1

48.2 3.77

0:6

45.1

235 439 340

3.88 442 290

1:0
1:6
2:0
3:0
4:0
5:0
6:0
7:0
8:0
9:0

10:0

47.8

394 479 330 463 4.01

47.1
49.0

495 4.63 469 3.01

3.70
3.53
4.51
4.46

50.4 453 49.0

3.75
3.83

48.5

3.70 51.2

49.5 3.62 3.38 496 5.05
4.

50.0 349 51.0 4.21

53.1

387 53.1 392 518

3.82
3.91

60.6 4.07

52.9

3.27
3.45

52.3

2.88
3.46

2.7
559 4.18 56.2

584 430 59.0 4.19 59.2

61.1

5

53.3 4.13

4.22
4.06

556 4.21 545

58.8

It}
tat

4.82

53.3

44

(i)

2}

e
>

56.2

57.5

3.99
3.90

58.0

56.3 4.05

328 585 3.83

574

4.54
4.69

386 61.4 418 584 4.18

62.4 3.81

59.4 4.52

61.4

60.0

3.86 60.7

420 614

639 4.18 61.2 449
66.7 63.0 4.83

655 4.76 68.2 4.62 650 4.82

4.53
4.25

3.94 62.5
4.3

4.12  60.1

67.0 4.00 619 4.04

63.7

626 502 640 434 629 483

3.77

6

63.9 341
6

3.83 648 555

68.3 398 663 5.70

66.6

646 4.77

64.2 4.10

4.18 679 6.12

5.1

659 5.23
67.3

65.9 4.21

21

5.27  69.2

7.57 659 4.35 66.9

66.2 6.09 67.7

473 696 4.78 659 4.04
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data. Brader (1957) discovered significant dif-
ferences in the sellar angle between cleft and
non-cleft samples.

B. FaciaL HeiGgHTS

In the more severe cleft types, UCLP and
BCLP, where the premaxillary area is in-
volved, it seems that the more severe the
clefting, the more the leveling-off of a possible
sex factor, and the more the equating of a
male-female similarity in facial heights. It
may be that in CPO, the least severe cleft-
type, the transition from deciduous to per-
manent incisors is recorded by slightly greater
alveolar growth in the males (possibly longer-
rooted permanent central incisors).

In a broader sense, it becomes relevant to
relate the profile of the upper face to the
anterior cranial base, a basifacial relationship.
This can be achieved via an angular relation-
ship, the S-N-A angle.

The decrease in the S-N-A angle, the mag-
nitude of which (in the decreasing order) is in
the order of BCLP, UCLP, and CPO, points
to a moderate increase in midfacial retrusive-
ness, which is apparently related to severity
of clefting. The data, do in fact, warrant the
conclusion that with growth, i.e., with age
change, there is a slightly more retrusive mid-
face, but this retrusion is not to the degree of
so-called “growth failure” or “midfacial con-
cavity”. What may be involved is the re-po-
sitioning of Point A on the anterior aspect of
the maxillary complex. Since the age-linked
decrease in the angle is greater in BCLP and
UCLP than in CPO, it is possible that the
premaxillary segment (upon which A is lo-
cated) is post-operatively stabilized so that it
is increasingly relatively less protrusive. As
can be seen from Table 2, no significant sex
differences were observed.

C. MipraciaL DepTHS

With these dimensions we come to the ver-
itable center of the manifestation of the pal-
atal cleft, for the measurements are at palatal
level, antero-posteriorly. Here there is a focus
upon two aspects of palatal morphology: (i)
clefting, per se, whether singly midline or
unilaterally or bilaterally involved; (ii) their
growth behavior in the first postnatal decade,
as a whole or considered in terms of anterior
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TABLE 10. Growth from Age One Month to Ten Years

Males Females Pooled
Measurement

UCLP BCLP CPO UCLP BCLP CPO UCLP BCLP CPO
Ba-S (mms.) 15.8 15.1 16.1 15.5 18.3 13.6 15.8 15.2 14.3
S-N (mms.) 23.8 24.9 24.5 22.1 21.9 22.8 23.1 25.5 24.3
Ba-S-N (deg.) —4.4 -5.3 —2.4 —4.0 -7.7 —2.2 —4.3 —6.5 —2.3
N-ANS (mms.) 25.9 24.1 24.6 24.2 25.4 24.3 25.3 24.6 24.4
N-Ids (mms.) 29.9 29.5 30.6 27.1 30.2 26.6 28.9 29.9 27.1
Idi-Gn (mms.) 1.5 12.1 12.4 11.1 11.7 11.7 11.4 12.5 12.0
S-N-A (deg.) -9.0 —13.2 —6.3 =77 —12.3 —-5.4 —-8.4 —13.0 —=5.7
Ptm’-ANS (mms.) 18.9 18.4 19.9 17.6 17.8 18.0 18.0 18.4 18.7
Ptm’-A (mms.) 16.6 15.0 17.5 15.7 13.4 15.5 16.3 14.7 16.3
Ptm’-KR (mms.) 8.9 7.9 8.2 8.9 11.3 9.0 8.9 9.1 8.9
KR-ANS (mms.) 10.0 10.3 11.4 8.8 6.2 9.0 9.6 9.1 9.8
Go-Gn (mms.) 33.1 33.4 34.0 32.5 35.2 32.6 32.9 345 33.2
Ar-Go (mms.) 20.4 19.9 17.2 19.6 18.7 21.4 20.2 19.6 20.1
Ar-Go-Gn (deg.) —-8.8 -7.7 —4.9 —15.5 1.5 -9.8 —-11.2 —4.5 -7.9

and posterior segments with KR as the divid-
ing point.

The only statistically significant differences
observed for Ptm’-ANS and Ptm’-A are for
CPO in which case males have significantly
larger dimensions than females sporadically
in early childhood and more concentratedly
in later mid-childhood. Apart from this, sex
or clefting seems to have played a minor role
in over-all dimensionality of Ptm’-ANS and
Ptm’-A.

D. MANDIBLE

For the ten year postnatal period studied,
the growth seems to be relatively uniform
across cleft types and sexes, and only in CPO,
the males were found to have significantly
larger body length than females during late
early childhood and early midchildhood.
Body length is, as it were, the dental counter-
part of alveolo-based length, Ptm’-A.

The data on male size dominance in both
Ptm’-A and Go-Gn in CPO show its occur-
rence at about the same time period, i.e., late
early childhood and late mid-childhood. Both
maxillary alveolo-basal and mandibular body
length are functionally and structurally re-
lated to dental arch length, so that there may
be a male dental arch length factor which is
greater (more significant) in the later growth-
period in CPO; but, one may reflect, why not
in UCLP and BCLP? Is it possible that in the
more severe and hence complex cleft-types

dental calcification and eruption (and there-
fore, alveolo-basal growth) are moderately re-
tarded in both sexes, so that possible sex dif-
ferences are inhibited or repressed?

Gonial angle does not seem to exhibit any
real sex differences. This is probably related
to two circumstances, viz., (i) the synchronous
growth of Ar-Go and Go-Gn, and (ii) the fact
that the two compartments of the angle, Ar-
Go and Go-Gn, themselves show a relatively
weak sex factor.

Conclusion

In the cranial base there is a male size factor
only in dimensions Ba-S and S-N. In UCLP
the male factor operates early in Ba-S, later
in S-N. In BCLP it operates only in later mid-
childhood. In CPO for both Ba-S and S-N it
is the force over most of the 10-year period.
The sellar angle, Ba-S-N, is ruled by a female
size-factor, seen only in BCLP, which, as we
pointed out, may be a postnatal holdover of
a very early (embryonic) cleft and cranial
flexion non-synchrony. The presence of a male
size-factor in late mid-childhood may betoken
the fact that growth in S-N, the anterior
cranial base, is such a dominant dimension in
cranial base growth that it over-rides the fe-
male component registered in angularity.

In facial heights we may, for practical pur-
poses, negate a sex size-factor in UCLP and
BCLP for dimensions, and also for the S-N-A
angle (basifacial angularity). It appears that



‘maleness and femaleness are subordinate to
the more extensive and severe clefts; it is as
though UCLP and BCLP “masked” any pos-
sible sex differences. This does not hold for
the facial height dimensions in CPO, since all
three height dimensions grow synchronously
over most of the 10-year period, with N-Ids
and Idi-Gn later than N-ANS;, for both the
former involve a factor of alveolar growth,
probably time for the replacement of the de-
ciduous incisors by their permanent succes-
sors. In CPO there is no sex-size factor for the
S-N-A angle.

In facial depths the complete absence of a
sex-size factor in UCLP and BCLP parallels
the similar condition seen in facial heights.
One may ponder the possibility that cleft-
mediated facial growth as a whole—both
heights and depths—triumphs over sex-me-
diated patterns of total facial growth. Once
more we envision the philosophy of the
“masking” phenomenon. In CPO this concept
does not hold since a male size factor seems to
be operative in early and mid-childhood in
palatal length (Ptm’-ANS) and possibly in
late mid-childhood in KR-ANS. This situa-
tion suggests that the posterior segment of
palatal length is less affected by clefting so
that a male size factor comes to significance.
This holds for CPO only, for it is the least
severe and complex of the three cleft-types.

The mandible parallels facial heights and
depths in the presence of a male size factor in
CPO only, but for a single dimension, viz.,
body length. The fact that the size factor
shows up in late early childhood and early
mid-childhood points to a dentally-mediated
age-period, i.e., the time of the beginning of
the transition from the deciduous dentition to
the permanent, i.e., the beginning of the
mixed dentition. Ramal height shows no sig-
nificant male factor and the gonial angle only
doubtfully (its irregular presence in late early
childhood in BCLP may be due to sample
size).
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