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Treatment planning in cleft lip and palate habilitation is contingent
upon an understanding of the natural history of the palatal cleft defect
and the face in which it exists. With the introduction of roentgenocepha-
lography, clinical research focused on the examination of the developing
affected face. Longitudinal facial growth studies ultimately helped ex-
plain many cause and effect relationships which existed between palatal
surgery and subsequent facial development. However, there still remains
an important deficiency in our understanding of palatal development
which is essential to further refine and improve rehabilitative procedures.

The purpose of this report is to reconsider previously posed questions
in the light of newer biostereometric techniques. Specifically, the follow-
ing questions have been asked with respect to cleft lip and or palate.

1. Are the palatal shelves intrinsically deficient, adequate, or exces-

sive in mass?

2. To what extent does the geometric relationship of the palatal shelves
in one cleft compare with that of another in the same type of cleft?
With other types of clefts? With normal palates?

3. To what extent are the palatal shelves displaced in space?

4. How are these parameters altered as a consequence of growth and
surgical reconstruction?

The advent of advanced biosterometric techniques, (1, 2) made it pos-
sible to analyze the size and shape of the palate in greater detail through
intensive geometric survey. The data collected by this system can be re-
duced to a mathematical format and subjected to analysis by high speed
computers.
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In accordance with these objectives, we undertook a series of phased
studies utilizing stereophotogrammetric analysis of serial casts of infants
with cleft lip and palate with the following specific aims:

A. Test the reliability of the method for selecting the proper anatomi-

cal landmarks when extrapolating data from the stereophotographs.

B. Compare and contrast two and three dimensional surface area mea-
surements with other descriptive measurements to determine if there
are significant differences in their interpretive values.

C. Perform analytical photogrammetric analysis of serial casts in or-
der to describe the changing geometry of the palatal vault in mathe-
matical terms.

D. Determine whether the descriptive analyses revealed additional in-
formation relative to the geometric changes that follow in the course
of time.

E. Determine by differential analysis if a constant geometrical rela-
tionship might exist between the size and shape of the lesser to
greater palatal segment in a complete unilateral cleft lip and palate.

Method

A comprehensive review of the general methodology can be found in the
literature. The special armamentarium essential to the study of dental
casts has been described previously (1,2).

MATERIALS

The following series of casts were selected from the longitudinal growth
studies at the Center for Craniofacial Anomalies, Abraham Lincoln
School of Medicine, University of Illinois.

Types of Casts Selected to Study

1. Dizygotic Twins: Discordant for cleft lip and palate (3 months)
a) complete unilateral cleft lip and palate (brother)
b) normal (sister)

2. Complete Bilateral Cleft Lip and Palate:
Serial casts on one patient beginning at age 21 days and extending to
age 3Vs years.

3. Complete Unilateral Cleft Lip and Palate:
Initial casts of nine patients in the unoperated state varying in age
from one month to six months.

4. Pierre Robin Syndrome:
Series of five casts in a single patient extending from 2 months to 6
years of age.

Glossary of Terms (Figure 1A, B, C and D)

The landmarks listed in this study will vary with the type of cleft being
analyzed. For ease of listing they are all grouped together.
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FIGURE 1A. Normal palate. Stereophotogrammetry permits sections of the palate
at any area (HP) to be made without actually cutting the mold.

Points—( )! = right side; ( )2 = left side
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PTM = Sillmans Point = Posterior extent of alveolor
crest

Cleft point on base line P—P;

Greatest width point of palate on base line P—P,. If
it is abscent, than P; (P;) is the most lateral landmark.
Most anterior point on the alveolar crest at the cleft.
Most anterior point of each palatal segment, may be AC
in some instances.
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FIGURE 1B. Complete bilateral cleft lip and palate.
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lateral point of premaxilla (right side)

lateral point of premaxilla (left side)

The center of the premaxilla on the most anterior sur-
face.

The most anterior point of the premaxilla when it is off
center. (May be ¢ in some instances.)

The most posterior point of the premaxilla at the center.
Most anterior point of cleft space in isolated cleft pal-
ates.

Anterior most point on alveolar crest.

Perimeter of palate.

Greatest posterior palatal width.

Posterior palatal width (when PW;-PW, is missing in-
cludes posterior cleft spaces if present).

Posterior hard palate width up to cleft

Posterior cleft width.

Bisector of P—P,.

Anterior cleft width when each is on either side of Z line
(if one AC is on the same side as the other AC, then the
cleft space is the shortest distance between segments).
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FIGURE 1C. Isolated cleft of the palate.
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Relative Length (Two dimensional) and is perpendicular
to base line.
AC-P; (ACs-P;) = Absolute Length (three dimensional) as measured along
alveolar crest.
Slopes—are taken in three frames of space
a) XY = Palatal tilt toward the midline bisector A.
b) XZ = From alveolar crest to the cleft space.
Pos = posterior slope along line P—P,.
Med = from the middle and perpendicular to the alveolar
crest to the cleft space.

M1—P1P2 (1\' 2_P1P2)

c) YZ = slope of the alveolar crest. This was also taken at three
points; middle, anterior and posterior extensions.

d) PM;-PM; = length of premaxilla.

e) aC-PM; = width of premaxilla.

f) CAP-P,—P, = Antero-posterior length of cleft space (isolated clefts).

g) APC-P,P, = Relative length of alveolar crest when alveolar crest is con-

tinuous.

Analytical Methods

The following measures were selected to deseribe the cleft palate as a
changing and variable three dimensional form.
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FIGURE 1D. Complete unilateral cleft lip and palate.

A) Degree of Curvature: (Figure 2) Reflects on the form of the arch.
In a parabola it is defined as being the distance from the Vertex to its
Focus. A parabola is fitted to the two posterior points on the alveolar crest
(P1—P,) with its arch lengths equal to the sum of the absolute lengths of
the palatal segments. The degree of curvature is a summary measure of
the form of the parabola. As the number gets larger, the curvature is less,
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V= VERTEX

F= FOCUSs

L= FITTED RELATIVE LENGTH
C: DEGREE OF CURVATURE

P— I>2= BASE LINE

m=smmrmws : ALVEOLAR CREST

= RECONSTRUCTED ARCH

FIGURE 2. A parabolic curve fit for a complete unilateral cleft lip and palate.
Points used in the geometrical analyses.

that is, the parabola becomes more tapering. Conversely, as the number
becomes smaller, the parabola becomes more ovotd.

B) Fitted Relative Lengths: (Figure 2) This measurement is taken
from the base line perpendicular to the Vertex (the most anterior point) of
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the created symmetrical arch. This is the relative length each palatal seg-
ment would have if the anterior cleft space was to be eliminated. In most
instances this length is less than both existing relative lengths and suggests
that each palatal segment is over expanded and each side needs to be
brought medially (Figure 3). If the fitted relative length of a segment is
greater than its absolute length measurement it emphasizes the extreme
medial position of the palatal segment and points out that it needs to be
moved laterally to form a more perfect arch form. If the fitted relative
length is greater on one side and less on the other, then the palatal seg-
ments need to be moved in opposite directions.

C) Surface Areas: Comparisons were made between two-dimensional
and three-dimensional surface areas to determine the reliability of diag-
nostic interpretation based on two-dimensional drawings or photographs.

D) Slopes: Measurements were made at three points (anterior, middle
and posterior) on the alveolar crest of the palatal process in three axis
of space (XY, ZX, YZ). It needs to be determined which slope measure-
ment more truly reflects on the spatial relationship of the palatal segments
for interpretive analyses.

E) Time Sequence Analysis: This demonstrates the rate that palatal
form changes relative to time and recognizes the inherent capacity of bi-
ological structure to change under the influences of external forces.

Results

Stupy I—THE SELECTION OF LANDMARKS. This was one of the most difficult
and time consuming tasks that needed to be performed. There was some
error locating landmarks early in the study but as the photogrammatist
became more acquainted with the subject the error factor was reduced and
became negligible.
Stupy II—Surrace Area 1. Complete Unilateral Cleft Lip and Palate
(Figure 4A, Table 1). Comparisons were made of the surface areas of the
smaller and larger lateral palatal segments. The ratio of the smaller to
larger segment ranged from .458 to .6575 using 2D surface area measure-
ments and ranged from .527 to .835 using 3D surface area measurements.
Significantly, the 3D measurements reveal a greater variation among sur-
face areas than detectable by comparable 2D measurements. Hence, 2D
measurements alone tend to under-describe the palate and suggest inter-
pretations not supportable by more complete analysis. A main reason for
the difference in interpretative value is that the two-dimensional measure-
ments are taken from a projection to a horizontal plane. The tilting of the
two palatal segments relative to the horizontal plane affects their projec-
tion. The three-dimensional measurements, however, are not based on a
projection and therefore are a more accurate representation of the palate.
The ratio range of smaller to larger 3D surface area measurements, for
all cases studied, is between 46% and 83% with most measurements falling



142 Berkowitz, Krischer, Pruzansky

SAMPLES OF PARABOLIC CURVE FIT FOR SELECTED CLEFT
PALATES AND A NORMAL PALATE.
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FIGURE 3. These diagrams describe how the lateral palatal segments must be
moved in order to establish a “best parabola” based on the absolute lengths and the

distance between Pi—P.
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FIGURE 4A. Surface area dimensions. Two and three dimensional surface area
measurements are compared. There is no direct relationship between the cleft space
and the size of the palatal segments. In all but one case (#¥2) the 3D surface area of
the lesser segments are nearly equal. The size of the lesser segment is not related to
the size of the greater segment. B. Degree of curvature. In all but one case (¥5) the
degree of curvature falls between 2 and 3.

between 53% and 65%. The ratio of cleft space to total 3D surface area
ranges from 10% to 30%.

2. Dizygotic Twins (Figure 6, Table 2). The results served to depict
the type of error that can be encountered in extracting information from
2-plane photographic representations. For example, the 2D surface area of
the lesser segment was approximately 30% less than the 3D measure-
ment of the same area. The 3D total surface area of the normal palate
equaled the 3D total surface area of the cleft palate while the 2D mea-
surements showed the normal palate to be 20% larger than its cleft palate

TABLE 1. Complete unilateral cleft lip and palate. Comparisons of Surface Area
measurements between a 3-dimensional object and its 2-dimensional projection
drawing.

2-dimensional 3-dimensional
. surface
case no. area
age . gzig%ii:t total . ;;Z%% total 2-D /
right left Jlarger surface | right left Jlarger surface | 3-D
segment area segment area
1. 0-1-0 | 498.19 | 259.80 | .52 | 757.98 | 802.94 {430.45| .54 | 1233.39 | .61
2. 0-3-15 | 621.34 | 374.53 | .60 | 995.87 |1090.39 (847.38| .83 | 1856.76 | .53
3. 0-2-0 | 571.69 | 264.80 | .46 | 836.49 |1135.19 |842.38| .74 | 1977.56 | .42
4. 0-3-0 | 578.89 | 276.23 | .48 | 855.11 | 920.75 |485.62| .53 | 1406.37 | .60
5. 0-3-10 | 491.49 | 323.16 | .66 | 814.65 | 755.3 |546.66| .72 | 1301.97 | .62
6. 0-0-20 | 405.00 | 228.87 | .57 | 633.87 | 646.37 (379.61| .59 | 1025.99 | .62
7. 0-2-23 | 485.85 | 276.75 { .57 | 762.60 | 691.37 |446.92| .65 | 1138.29 | .67
8. 0-3-0 | 515.12 | 235.87 .46 | 750.99 | 837.87 1449.78| .54 | 1287.65 [ .58
9. 0-5-0 | 645.14 | 374.30 | .58 [1019.44 | 962.07 (578.48| .60 | 1540.55 | .66
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COMPLETE UNILATERAL CLEFT LIP/PALATE

XY ant.
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PALATAL SLOPES DEGREES

FIGURE 5. Slopes of the complete unilateral cleft lip and palate in the XY and
X7 axis. In the XY axis the right larger segment is always more obtuse than the
lesser segment. In the XZ axis the slopes at the middle of the palatal segment are al-
most the same with the lesser segment being slightly steeper.

DIZYGOTIC TWINS
20004 2D AND 3D SURFACE AREAS DIMENSIONS

20 B
3b ]

Rt. Lt. Sum Rt. Lt Sum
NORMAL J COMPLETE UNILATERAL CLEFT-LIP-PALATE

FIGURE 6. Dizygotic twins; 2D and 3D surface area dimensions. The total 3D
surface area of the normal and complete unilateral cleft lip and palate are nearly the
same. The total 2D surface area measurements when compared suggest that the cleft
palate surface area is significantly smaller.
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TABLE 2. Dizygotic twins. Comparisons of surface area measurements between a
3-dimensional object and its 2-dimensional projection drawing.

comparisons
2-dimensional 3-dimensional 2-di- | 3-di-
Ages: 0-3-0 men- | men-

stonal | sional

. . 1
right left total right left total rlsé h/t fg;z/t

normal......... 553.66 | 451.48 [1005.14 | 619.19 | 544.94 | 1164.13 | .815 | .881
complete unilat-
eral cleft lip
and palate. . .| 505.78 | 298.23 | 804.01 | 705.27 | 444.27 | 1149.89 | .591 | .631
unilatera/nor- :

mal.......... .80 | .98

twin. If reliance has been placed on the 2D method, the results would have
been interpreted to signify a deficiency in palatal development in the case
of the cleft. While the surface area of the normal palate as seen in the 2D
photograph was only 15% smaller than its 3D measurement, the surface
area of the cleft palate as seen in the photograph was approximately 30%
smaller than its 3D measurement. The greater reduction in the cleft palate
measurements resulted from the increased steepness of both palatal seg-
ments which produced a foreshortening with resultant distortions in the
projected images.

3. Bilateral Cleft Lip and Palate: (Figure 7, Table 3). The measure-
ments of the premaxilla were found to be unreliable because of the insuffi-
cient number of coordinate points selected to describe its contour. The 3D
surface area of the palatal segments doubled in 1% years. Between 15 and
3V% years there was approximately a 25% increase and at 3l% years the
palatal 3D measurements were %3 greater than those calculated in 2D
drawings.

4. Pierre Robin: (Figure 8, Table 4). The 3D surface area increased 50%
in the first year and by three years it was 70% larger. The 2D cleft space
area decreased only slightly during the same period of time. In a previous
report on the same case, it was observed that there was a change in the
cleft space configuration. The configuration not only became longer as the
palate lengthened, but narrowed as well. Thus, we observed concurrent
phenomenon: the cleft narrowed and elongated as the palate grew. At the
same time, the total area of the cleft decreased only slightly. These find-
ings suggest that appositional growth at the margin of the clefts can con-
tribute to the reduction of cleft space. )

Stupy III—GEOMETRICAL ANALYsis. Fitted Relative Lengths. This mea-
surement reflects the distance from the base line, P1—Ps to the vertex of
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BILATERAL CLEFT LIP AND PALATE
2D AND 3D SURFACE AREA CHANGES

1500+
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Rt. Lt. Sum Rt. Lt. Sum Rt. Lt. Sum Rt. Lt. Sum Rt. Lt. Sum
Palatal segments
CASE 1A 18 1c D 1E

AGE 0-0-21 0-3-14 0-8-3 1-5-0 3-8-4

TIME SEQUENCE ANALYSIS OF SURFACE AREA

TIGURE 7. Serial changes in surface areas. The greatest rate of change occurred
between the 8th month and 1V years. Between 21 days and 1%2 years, the 3D sur-
face area nearly doubles. Between 1% and 3% years there is an approximate increase
of 256%.

the curve and generally falls somewhere between the absolute and relative
lengths. It is the constructed relative length in a parabola fitted to pass
through the points Py and P with arch length equal to the absolute length.
Degree of Curvature (D of C). This measurement described the shape
of the arch. Ovoid arches in this study had small numbers, between 0.50
and 1.5. As the measurement increased so did the taperedness of the arch.
(1) Bilateral Cleft Lip and Palate and Complete Unilateral Cleft Lip
and Palate Casts: Chart I. The D of C of 4.9 seen in the earlier casts of

TABLE 3. Bilateral cleft lip and palate. Comparisons of Surface Area measurements
between a 3-dimensional object and its 2-dimensional projection drawing.

2-dimensional surface area 3-dimensional surface area
m‘jfg:‘o' smaller smaller
right left sel% 7;::;/ total right left seli::fzzt / total
segment segment

1A. 0-0-21 | 220.56 | 283.06 .78 503.62 | 299.42 | 449.18 .67 748.60
1B. 0-3-14 | 289.91 | 281.11 .97 571.02 | 450.07 | 425.74 .95 875.81
1C. 0-8-3 | 318.54 | 289.67 91 608.20 | 497.59 | 408.43 .82 906.02
1D. 1-5-0 | 507.36 | 423.33 .83 930.69 | 723.81 | 673.81 .93 1397.62
1E. 3-8-4 | 574.89 | 595.29 .97  |1170.18 | 848.28 | 791.84 .93 1640.12
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PIERRE ROBIN
2D AND 3D SURFACE AREA CHANGES

Hord 2D
Palate 3D O
Cleft -

Space

x Cleft space
CASE 1A 8 closed surgically

AGE  0-2-10 1-02-23

FIGURE 8. Serial surface area changes. The greatest rate of change occurs during
the first year. The 3D surface area increases 50% in one year and by 3 years it is 70%
larger. After one year the rate of increase rapidly diminishes. The cleft space area di-
minishes only slightly.

the bilateral series was a measure of the protrusion of the premaxilla and
therefore, suggested the existence of highly tapered arches. By the age of
three years the D of C was 2.0 which was comparable to that found in un-
operated complete unilateral cleft lip and palate cases. The increase in
length of the palatal segments relative to the restrained forward position
of the premaxilla in space accounts for the change in values and is reflected
also in the increasing values of the fitted relative length.

(2) The Pierre Robin Casts: Chart I1. The D of C was relatively small
and depicted an ovoid arch. The measurements ranged from 1.1 to 1.5. In
a previous study each stage was graphically superimposed, and one can
clearly view the progressively changing arch form from ovoid to tapering.

TABLE 4. Pierre Robin syndrome. Comparisons of Surface Area measurements
between a 3-dimensional object and its 2-dimensional projection drawing.

2-dimensional surface area 3-dimensional surface area
case no.
age
g hard palate | cleft space }f:% Sf:lfz% hard palate | cleft space Zlg fisg:lil‘%
1A. 0-2-1 868.97 79.26 .09 1053.53 79.26 .08
1B. 1-3-0 1220.19 60.88 .05 1578.83 60.88 .04
1C. 2-10-0 1367.78 72.41 .05 1984 .84 72.41 .04
1D. 3-11-0 1378.89 65.56 .05 1708.78 65.56 .04
1E. 6-1-0 1554.33 .00 .00 1733.69 .00 .00
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CHART III. Dizygotic twins

IVENTIFICATION NOrRMAL DIzYGOTIC UNILAT DIZYGOTIC
ASE 0=03=00 0=03=00
ANT CLEFT WIDTH 2,667 14,333
PUS CLEFT WIDTH 0,000 9.333
TUT WIDTH (P12) 26,667 34,333
Pl=pC1 WIDTH 13,824 13,007
Pwi=P1 WIDTH 0,000 0,000
PR=pC2 WIDTH 13,824 13,428
PW2=P2 WIDTH 0,000 0,000
PH1=PW2 WIDTH 27,647 35,765
ABSOLUTE LEN RT 54,637 41,510
ABSOLUTE LEN LT 43,817 29,5482
RELATIVE LEN RT 33,956 33,136
RELATIVE LEN LT 33,956 23,000
DEGREE OF CURV., 0,961 2,508
FITTED REL. LEN 46,250 29,375
SURFACE RT (3D) 619,186 705,273
SURFACE LT (30) 544,941 484,616
SURFACF RT (20) 553,656 505,776
SURFACE LT (20) 451,483 298,231
CLFT SPACE AREA 10,444 318,505
PREMAXILLA WIDTH 0,000 0,000
PREMAXTLLA HT, 0,000 0,000
PREMAXILLA LEN, 0,000 0,000
PREMAXTLLA DIST 0,000 0,000
PREMAX AREA (3D) 0,000 0,000
PREMAX AREA (20) 0,000 0,000
XY SLOPE POS RT 86,186 71.565
XY SLOPE MED RT 31,477 64,983
XY SLOPE ANT RT 29.358 39,289
XY SLOPE POS LT 71,565 82,405
XY SLOPE MED LT =80,538 “80,538
XY SLOPE ANT LT 27,897 *41,987
X¢ SLOPE POS RY 12,680 *17.969
X& SLOPE MED RT =11,560 =47.490
X4 SLOPE ANT RT 0,000 0,000
X¢ SLOPE POS LT 12,680 17,526
X¢ SLOPE MED LT 30,606 41,009
X4 SLOPE ANT LT 0,000 0,000
Y. SLOPE POS RT 0,000 30,964
YZ SLOPE MED RT S.711 11,310
YZ SLOPE ANT RT 0,000 *33,690
YZ SLOPE POS LT 0,000 11.310
Y. SLOPE MED LT 11,310 26,565
Y4 SLOPE ANT LT «18,435 *53,130

(3) Dizygotic Twins: Chart I1T

cast Dof C arch form
complete unilateral cleft lip and palate 0.96 ovoid
normal twin 2.5 taper

This unilateral cleft lip and palate measurement was very similar to other
measurements found in the nine unilateral cleft lip and palate cases. The
tapering form resulted from the relatively short A-P dimension of the
lesser segments and the relative smallness of the P;—P, measurement. This
explanation was more greatly appreciated in the graphic superimposing of
tracings of the normal and cleft casts. The fitted relative length of 29mm
suggested that the larger segment was laterally displaced and, therefore,
needed to be brought medially. Although the linear length (relative
lengths) measurements of right and left sides in the normal twin are not
equal, the absolute length measurements of this discrepancy is caused by
graphic interpretation: the Z line divides the palate in two equal sections
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in a single plane while the absolute lengths are not constrained to one
plane. ;

(4) Unilateral Cleft Lip and Palate Casts: (Figure 4B) Charts IV and
V. Most D of C measurements fell between 1 to 3. Only one measurement
was between 1 and 2. These clefts reflect a slightly more tapered form when
compared to an isolated cleft palate, as seen in the Pierre Robin casts. The
fitted relative length measurements fell between both absolute length
measurements and was very close to that of the lesser segments. The ‘best
fit’ parabola for all of the unilateral cleft lip and palate casts calls for the
larger segments eventually to move medially while the lesser segments are
to be moved laterally.

Slopes

Time Sequence Analysis

a) Pierre Robin Series (Figure 9) Both sides of the palate as measured
on the line P;—P2 became progressively flatter with time. Since this
represented the posterior extension of the hard palate it was inti-
mately involved with the cleft space.

b) Bilateral Cleft Lip and Palate Series (Figure 10) This graph showed
changes in the XZ plane and demonstrated the lac of definite order
in slope behavior of the right and left palatal segments. The medial
and posterior slope changes of both segments showed no similarity
in behavior. The best one can say is that the arches tended to become
flatter with time. (Figure 11) The behavior of the left palatal seg-
ment in the XY plane appeared to be more erratic than that of the
right segment. This appeared to reflect on the effect of two stage lip
closure where the left side was closed first. The net effect, however,
was for the two palatal segments to tip medially with the right side
tipping the most.

Slopes—Unilateral Cleft Lip and Palate Series:

a) XZ-—Measurements taken at the middle of the right segment fell be-
tween 40 to 50 degrees, while the posterior slopes range between
20 to 50 degrees. The slope taken at the middle of the left segment
ranged between 40 to 57 degrees. There appeared to be greater
similarity in slopes measurements at the posterior palate (on line
P,-P,) when compared to the slopes through the middle of each
segment. However, considering slopes at both areas of each seg-
ment, the range of variation remains great.

b) XY—When measured by their anterior points the right segments ap-
peared to be more vertical than the left sides. The more acute left
segment ranged between 23 to 71 degrees with most measurements
falling below 45 degrees. The right segments are mostly over 60
degrees.
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CHART V. Unilateral cleft

TUENTIFIGATIAON UNILAT. CLEFT 6 UNILAT, CLEFT 7 UNILAT, CLEFT 8 UNILAT
AGE 0=00=20 0"02%23 0=03=00 o-é‘é-oa CLEFT 9
ANT CLEFT WIDTH 19,000 9,667
PUS CLEFT WIDTH 13:920 71353 1538 ey
TUT WIDTH (P12) 304813 26,352 284340 35,000
Pl=pCy WIDTH 8,180 14,072 12,958 184066
PnleP1 WIDTH 3,903 3,236 2,040 3.162
P¢=pC2 WIDTH 15,350 15,065 14,533 174962
Pw2=P2 WIDTH 1,667 1,414 0,000 34606
Pr1=PW2 WIDTH 43,020 41,120 40,864 514463
A8SOLUTE LEN RT 38,804 41,333 464669 464699
AoSQLUTE LEN LT 26,480 28,405 27.772 33,586
RELATIVE LEN RT 30,265 34,234 35,022 35,440
RELATIVE LEN LT 22,561 23,537 23,409 264000
OLGREE OF CURV, 2,178 1,400 . 1,518 24227
FITTED REL. LEN 27,250 31,000 33,063 34,375
SURFACE RT (30) 6464371 691,365 837,870 9624070
SURFACE LT (3D) 379,615 466,922 849,779 5784476
SURFACE RT (20) 4054000 485,854 515,124 6454136
SURFACE LT (20) 228,867 276,749 235,867 374,303
CLFT SPACE AREA 360,089 155,972 152,655 914198
PREMAXTLLA WIDTH 0,000 0,000 0,000 04000
PREMAXTLLA HT, 0,000 0,000 0,000 0,000
PREMAXTLLA LEN, 0,000 0,000 0,000 04000
PREMAXTLLA DIST 0,000 0,000 0,000 0,000
PREMAX AREA (3D) 0,000 0,000 0,000 04000
PREMAX AREA (2D) 0,000 0,000 0,000 0,000
XY SLOPE POS RT 68,199 78,690 75,069 784690
XY SLOPE MED RT 71,565 73,301 78,690 634435
XY SLOPE ANT RT 86,186 80,538 38,660 0,000
XY sLOPE POS LT =75.069 0,000 =86,186 64,983
XY SLOPE MED LT =73,301 “80,538 =76,866 =784690
XY SLOPE ANT LT =33,690 48,366 =30.964 =274553
X4 SLOPE POS RT 224249 “41,987 =39,600 =38.830
X4 SLOPE MED RT 43,059 40,795 43,668 "45.630
X& SLOPE ANT RT 0,000 0,000 0,000 04000
x4 SLOPE POS LT 45,000 48,013 48.013 40,972
X¢ SLOPE MED LT 524524 47,305 57,609 39.806
X< SLUPE ANT LT 0,000 0,000 0,000 04000
Y¢ SLOPE POS RT 0,000 0,000 3,434 04000
Y¢ SLNPE MED RT 8,531 10,758 4,004 1.718
Y¢ sLOPE ANT RT =50.194 =36.,870 =564310 =564310
YL sLopPE POS LT 4,574 S5.711 0,000 04000
YZ SLOPE MED LT 2,291 6,843 0,000 0,000
YZ SLOPE ANT LT 0,000 *59.,036 68,199 *60+255
Discussion

As a tool in biometrics, stereophotogrammetry is the science of produe-
ing a reliable digital representation of a scene by means of measurements
taken from photographs of that scene. This method permits increased so-
phistication in data reduction by electronic computers leading to results
of exceptional precision. The data acquired from a comprehensive analysis
of casts, when interpreted in biologic terms, permits a better understanding
of the natural history of all cleft palates. As mentioned earlier, the added
information can be used in deciphering the mechanism which determines
success or failure of the rehabilitative process.

Huddart (4, 5) and Mazaheri (6) developed techniques to study changes
in linear dimensions and arch form by the use of electrostatic photocopiers
which graphically reproduced the form of the cast. Mazaheri made his
linear measurements directly from the graphic representation. Huddart
(5), in 1971, was able to improve on the analysis of the technique by con-



154 Berkowitz, Krischer, Pruzansky

PIERRE ROBIN

TIME SEQUENCE ANALYSIS OF MID-PALATAL SLOPE CHANGES.
(XZ Plane)

V4

3

2

o

@

o

Cast No. 1A 1B 1C 1D 1E
Age 0-2-10 1-3-0 2-1-0 3-1-0 6-1-0

PIERRE - ROBIN —~ XZ SLOPE - POSTERIOR

FIGURE 9. The posterior border of the hard palate becomes progressively flatter
with time.

Z COMPLETE BILATERAL CLEFT-LIP- PALATE
TIME SEQUENCE ANALYSIS OF MID-PALATAL SLOPE CHANGES
70 (XZ Plane)
60
50
40 Right Medial
%<> o \ 0%
30 o, °°° N, ° eleft Medial
g) oooo oo * Right Posterior
g ° ;
a 20 o Left Posterior
Cast No. 1A 18 1C 1D 1E
Age 0-0-21 0-3-4 0-8-3 1-5-0 3-8-4

FIGURE 10. No definite order of behavior appears between XZ slopes of both
palatal segments. The best one can say is that the arches tend to become flatter with

time.
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Y COMPLETE BILATERAL CLEFT- LIP- PALATE

TIME SEQUENCE ANALYSIS OF RIGHT AND LEFT PALATAL
SEGMENTS IN XY AXIS: Represent changes in position of
70 the most anterior tip of alveolar crest.

Degrees

Cast No. 1A 1B 1C 1D 1E
Age 0-0-21 0-3-14 0-8-3 1-5-0 3-8-4
FIGURE 11. The behavior of the left palatal segment appears to be more erratic
than that of the right segment. This may reflect on the closure of the lip in two stages

with the left side being closed first. Both anterior points of each palatal segment be-
came more medially located with the right segment tipping the most.

verting the diagram obtained from the photocopier of XY coordinates (a
2-dimensional representation) on paper tape. This tape could then be fed
into. an electronic computer for analysis. He states that this is a reliable
system for recording linear dimensions between selected landmarks. His
test for reliability is the reproducibility of the measurements using the
same techniques. Huddart, in still an earlier article (4), advocated the use
of the photocopying technique to measure surface areas as well as do
linear measurements. He made extensive comparisons between surface
area measurements of bilateral, unilateral and normal palates as taken
from photocopies.

His conclusions relating to surface area between cleft types may be er-
roneous because it is impossible, with geometric safety, to translate a 3-di-
mensional object to a 2-dimensional surface representation without suffer-
ing errors due to projections and a significant loss of information. There
is always significant foreshortening of the image when this translating is
done. The amount of tissue lost in projection is directly related to the
steepness of the slopes of the palatal segments. The steeper the slope, the
greater the error in calculation. This was recorded in all of our cases when
2D and 3D findings were compared. In some cases the error was as great



FIGURE 12. The palatal contour is divided into equal sections along the Y axis.
Each section bisecets contour lines and creates coordinate points which are recorded
and stored for use by the computer. Each point has 3 values (in the X, Y and Z axis).
00 point 1s the location on the X axis at the bisector point with the Y axis.

L i X X 3 ,54 v
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! \ /\ et ‘l Kimxs ) (4 )+ (Zr 2o
j;- . - LA T S - Q+E+C :Xi ?erurne&er

(I // 7 /]

2, /// E /
Nav \/, /\/' | Ay S(5-0)6-6)(5-0)
A= Surface orea

_—— e Ve e e e

b X

FIGURE 13. The computer is programmed to separate the coordinate points and
then connect the points in such a fashion as to create continuous triangles within ecach
section. By knowing the location of each point in the X, Y and Z axis, the lengths of
each triangular leg can be calculated. The surface area of each section is determined
and then all surface area mcasurements of the remaining sections are totaled. The
accuracy of this method is related to the number of Coordinate Points that arc
chosen. They in turn determine the size and number of triangles used in computation.
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as 20-30%. The only time a normal palate was compared to a cleft palate
was in the Dizygotic Twin Study. A 10% difference in surface area was
found to exist between 2D and 3D measurements of the normal palate.
This can be compared to a difference in 2D to 3D measurements of more
than 30% in surface area of the unilateral cleft palate. Since the 3D sur-
face areas in both cases are almost identical, one could suppose that there
is no tissue deficiency in the cleft palate. An opposite conclusion would
have been reached if one used 2D measurements alone.

Huddart may have been correct in selecting the posterior arch slope to
be on the line passing between Sillman’s right and left point (P1-P2) to
depict the inclination of the palatal segments. This line corresponds to the
posterior limit of the hard palate and connects PTM of right and left
sides. In this study, the slope drawn through the middle of the palatal
segments does not correspond to the slope found on line P1—Ps. It still has
to be determined which of the two areas more accurately reflects the true
slope characteristics of the palatal segments. In this study we used both
areas for slope determination but in a future study, using a larger sample,
we will try to determine whether it is necessary to consider one or both in
describing the geometrical characteristics of the palatal segments.

As in a previous study, we have again demonstrated that the differences
in the absolute and relative lengths of the palatal segments reflect on the
inclinations of each segment in the XY axis. The greater the inclination of
palatal segment, the smaller their relative lengths.

Tt must be stressed that the Absolute Length is three dimensional and
includes measurements in the vertical dimension (Z axis) as well as in the
XY axis. The steeper the alveolar crest (the YZ slope) as one measures
along the crest, the longer the absolute length.

Stockli (7) also used a photoelectric copier to analyze changes in arch
form in a series of complete unilateral cleft lip and palate. He drew some
interesting conclusions which we hope to test in our more complete second
study which will follow. He stated that no clinical correlation could be
found between preoperative arch form and arch form of the postoperative
phase. He concluded that the configuration of initial arch form proved to
be a poor prognostic criterion for predicting arch form development. Per-
haps the difficulty in predicting the final arch form results from the limita-
tion of the measuring systems employed and the parameters included.

We fully support his statement that a 2-dimensional measuring system
is limited and cannot be classified as a comprehensive measuring system for
the gathering of all information needed to explain the special relationship
of the palatal segments in the region of the alveolar cleft.

Pruzansky and Aduss (8) have defined a number of variables, not visible
in the casts alone, which can influence arch form.

Tme SequeENncEs Stupiss. Many of the linear or surface area dimen-
sional changes must be considered in relation to changing geometric form.
Small or no change in linear lengths or distances between points over a
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period of time may be misleading when considered in isolation but mean-
ingful when related to the changes in size and shape of the palatal arch.
This was already discussed in the Pierre Robin series when it was ob-
served that the cleft space area does not change significantly but its
shape does.

The second cast of the bilateral cleft lip and palate series, which repre-
sents the first stage of a two step lip closure procedure, shows that the
anterior and posterior cleft dimensions and cleft space area actually in-
crease. This needs to be related to a 15% increase in total palatal surface
area. After the second side is closed and the lip is completely reunited the
anterior and posterior cleft space widths are greatly reduced by the
medial movement of both palatal segments. This results in a smaller
anterior and posterior cleft dimension and an approximately 35% decrease
in cleft space area. The total surface area of the hard palate increased
approximately 10% during this same time. Between eight months and one
year of age the cleft space area decreased by 25% while the surface area
of the hard tissue increased by 60%. Between the age of one and three
years the cleft space was further reduced by 15-20% while the total hard
tissue surface area increases 12-15%. The Time Sequence Analysis reveals
that the hard tissue increased the first year by 60% and by three years of
age the total surface area increase was 80% over its original size. During
this period of time the cleft space decreased 40%. The reduction in cleft
space is due to both the medial movement of the palatal shelves and the
increase in hard tissue as a result of growth.

It has been suggested by Coupe, and Subtelny (9), who used cephalo-
metric laminagraphy, that patients with bilateral clefts of the palate
tended to show distinctly the greatest degree of deficiency when compared
to the other classes of cleft palates. These conclusions will be tested in a
future study when a greater number of serial cases will be analyzed. This
conclusion has important treatment implications and deserves clarifica-
tion and verification.

DgeGrEE oF CURVATURE. The most difficult problem in recording changes
in palatal arch form was solved by determining its Degree of Curvature.
The Degree of Curvature summarizes the two perimeter measurements:
Absolute length and posterior width (P;-P2) To describe the shape of a
parabola (assuming that arches take this form) it is necessary to deter-
mine its focus. The arch length of the parabola is equal to the sum of the
absolute lengths of the palatal segments as measured along the alveolar
crest. (See Fig. 5.) Since a parabola is the locus of points (a set of points)
drawn equidistant from a focus point and another line, the focus point
and its vertex are directly related and dependent. The Vertex of a parabola
is defined as being its highest point.

The degree of curvature is a by-product of the perimeter lengths which
create the arch form, and represents the distance from the Focus of the
parabola to the Vertex. As the distance (degree of curvature) between the
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Vertex and the focus gets smaller it implies that the parabola is more ovoid
in shape. Conversely, as the degree of curvature increases in length it re-
flects on the parabola becoming more tapered.

The fitted relative length is the shortest distance from the base line to
the Vertex of that curve. This measure best describes the changes between
posterior arch width and the absolute antero-posterior palatal dimension
and therefore, reflects on changes in arch form caused by palatal growth
and closure of the cleft space by medial movement of the palatal segments.

THE SIGNIFICANCE OF THE FITTED RELATIVE LENGTHS. In most instances
this measurement will be less than the absolute lengths and greater than
the relative lengths. Should the Fitted Relattve Length be less than the
Absolute and Relative lengths, the palatal width (P;-P2) must be ex-
cessively wide. In the bilateral cleft lip and palate series, ages 0-0-21,
0-3-14 and 0-8-3 show a smaller fitted relative length, however, it gets
progressively larger. From ages 1-5-0 to 3-8-4 it increases greatly and
falls between the other two measures as one would ordinarily expect.

COMPUTERIZED DETERMINATION OF PALATE SURFACE AReAa (Figures 12,
and 13). A point on a three dimensional surface can be located by
knowing its position in three frames of space designated by the X, Y and
7 axis. The X axis is perpendicular to the other two axis and locates points
in the vertical dimension. Stereophotogrammetry can determine X, Y and
7 co-ordinates for hundreds of points on the palate surface. The surface
area was divided into measured strips on the XY axis. The co-ordinate
points which compose the outline of the strip are used to triangulate the
strip. The surface area of each triangle is computed and then the total
areas of each strip are added together. This method has been tested for
accuracy and has been found to be extremely reliable. The greater the
number of points and the closer the points, the more triangles will be
formed and the smaller each triangle will be. Thus, each triangle will
more truly reflect the surface contour that it describes. A computer is
absolutely necessary to use the method of triangulation for surface area
determination even for a medium sized experiment, since approximately
150 points have been selected for each palatal segment.

Geometrical analysis using stereophotogrammetric techniques has defin-
itely uncovered information that, heretofore, has gone undetected and
unappreciated. How this information can best be used and what diagnostic
significance it may possess still needs to be determined. A larger study,
using over 800 casts, will be soon completed and it is anticipated that a
clearer insight into palatal development will result from a more compre-
hensive examination of surface anatomy.

An additional by-product that can be anticipated is the revision of
the system by which clefts are classified. The present cleft palate classifi-
cation system is based on the location and extent of clefting through the
lip, alveolus and palate. Despite its utility, it still falls far short as a
comprehensive classification in that it tells nothing about the great varia-
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tions in geometrical form that exists within even similarly classified
clefts. Since Friede and Pruzansky (11), have demonstrated the signifi-
cance in neonatal palatal form and size as a predictor for future palatal
growth and development, it then follows that geometric data should be
used as part of a subclassification system within specific cleft types. Ana-
tomical variation needs to be extended still further by relating differences
in form observed in infancy to future palatal growth and development, and
by correlating it to the type and timing of surgical repair. Only in this
manner can the concept of individualized treatment planning be more
fully realized in clinical practice.

Summary

Analytical stereophotogrammetry permits a comprehensive three-dimen-
sional study of the anatomy and changing form of cleft palate casts. The
extrapolated data (reliable digital representation of a scene) are amenable
to mathematical analysis and permit insight into geometrical changes in
form and mass of the palate that occur as a reflection of growth and
treatment. The resulting data provided a more comprehensive description
of developmental changes that occur in different types of cleft palates.

Determination of a surface area measurement and some linear dimen-
sions from 2-dimensional projections were shown to be unreliable because
of the distortion of the projected image. Conclusions drawn from linear
dimensional changes alone, without considering the slopes of the palatal
segments can be erroneous and misleading,.

The Degree of Curvature and Fitted Relative Length are two excellent
measures for describing changes in arch form.

The spectrum of structural variation, even within a single cleft type,
has been shown to be considerable. Such variability needs to be related to
clinical decisions and in the evaluation of treatment.
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