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The biological response to the repair of palatal clefts has been eval-
uated principally by monitoring craniofacial growth. Little is known
about the regenerative ability of the repaired palate. In the present
study, 18 Beagle pups (51 to 58 days old) were assigned to one of three
groups: (1) control group, having no surgery; (2) cleft group, having a
surgically created cleft of the posterior hard palate (mean bony mea-
surement: 3.1 x 11.7 mm) at 8 weeks of age; and (3) repaired group,
same as group 2, and followed by soft-tissue closure at 12 weeks of
age. Craniofacial growth was monitored by cephalometric and dental
cast measurements. Records were taken at 6-week intervals. Animais
were sacrificed either 16 or 28 weeks after time of cleft creation. Rou-
tine histologic examination and histochemical detection of alkaline
phosphatase activity were performed to examine the quality and extent
of soft-tissue repair and bone formation. Analysis of the cleft palate
group revealed that the size of the bony cleft increased with time. The
histologic examination demonstrated at 24 weeks of age (12 weeks
after the repair) active reduction of medial margin of the bony palate
as evidenced by osteoclastic activity. At 36 weeks of age, neither os-
teoblastic nor osteoclastic activity was detected. The mean dimen-
sions of the bony cleft, in the cleft group at 36 weeks, were 7.9 x 18.8
mm. In the repaired group, partial bone repair occurred. However, no
consistency was seen in predicting extent or location of repair. Histo-
chemical detection of alkaline phosphatase activity indicated that the
repaired group had greater amounts of new bone formation. In some
sites, suture regeneration was seen. As with the amount of bone for-
mation, the amount of suture regeneration was variable. This study
revealed that the presence of a cleft inhibits osteoblastic activity along
the margin of the cleft, and there is limited potential for regeneration of
the palate subsequent to the repair.

KEY WORDS: suture regeneration, cleft palate, alkaline phosphatase,
bone repair, maxillary growth.

Numerous studies (Herfert, 1954, 1958; Kre-
menak et al 1967, 1970a, 1970b, 1971, 1980;
Searles and Biggs, 1974; Jonsson and Sten-
strom, 1978) have examined the problem of
growth attenuation as a result of surgical repair
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of the palate. The principal experimental design
used to study the postoperative sequelae has in-
volved surgical manipulation to only one-half of
the palate, leaving the other one-half to serve as
control. As a result of these studies, (Kremenak
et al, 1971) have shown that the denudation of
the palatal bone and repair by secondary inten-
tion adversely altered the growth potential with
respect to length and width of the palate. It has
been clearly demonstrated that the most nega-
tive variable affecting growth of the maxilla is
the formation of scar tissue.

Another model of the palatal cleft has been
the midline design, in which a defect is created
in the midline of the palate. This model more



closely resembles the cleft palate model. How-
ever, very few investigations established total
perforation of the palate. Instead, a partial
opening was created, in which the palatal bone
was excised but the nasal mucosa was left in-
tact. Only studies by Latham et al (1975);
Lynch and Peil, (1966); Bardach et al, (1980,
1982); Bardach, (1985, 1987); and Verwoerd et
al (1976) used experimental designs involving
through and through clefts of the secondary pal-
ate. A significant feature of the design of these
studies was the creation and repair of the palatal
defect performed as a combined surgical proce-
dure. The principal intent of these studies was
to evaluate the growth of the maxilla following
repair of the palate.

Besides the growth potential, another area of
concern is the ability of the osseous tissues to
repair and regenerate following surgery. This
area has not been as closely investigated. Little
is known to what extent the osseous tissue re-
constructs a palatal shelf and develops an inter-
vening suture following cleft repair. In studies
dealing with the histology of repair of the palate
(Freng, 1979; and Barro and Latham, 1981),

FIGURE 1 Intraoral photograph depicting the surgi-
cal procedure to create a cleft of the hard palate in a
Beagle pup 8 weeks of age. The outline of the cleft is
marked in black arrows. The dimensions of the cleft
were confined to the palatine bone. The midpalatal su-
ture is labeled M and the transverse suture is labeled T.
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the palate demonstrated excellent regenerative
capacity. In these studies, the nasal mucosa was
not altered. As with the studies evaluating the
growth potential, no intervening time was used
to permit the palatal defect to heal before the
surgical repair of the palate took place. Conse-
quently, no distinction could be made between
the regeneration of the palatal defect that oc-
curred as a result of the repair procedure or that
which occurred spontaneously.

The only histologic study involving a repair
of a cleft palate following the formation of a
through and through cleft was done by Atherton
and White (1970). They partially repaired the
palate of a Labrador puppy 6 weeks of age
with a congenital cleft and evaluated the tissue
after 13 weeks. They reported a limited capac-
ity of the connective to replace the missing
bone. Areas of disorganized woven bone were
seen adjacent to regions of more mature cancel-
lous bone. The anterior region of the palate
tended to have better bone formation than did
the posterior regions.

The present study establishes a model in
which a surgical cleft of palate was created of a
size that did not permit spontaneous closure.
After surgically creating the defect, an interven-
ing time of 4 weeks was used to separate the
responses of surgical creation and repair. His-

FIGURE 2 The palate photographed at 12 weeks, at
the time of repair. The white arrow indicates the soft
tissue outline of the cleft. The rule is in millimeters.
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FIGURE 3 Schematic diagram of the points selected
for the model analysis. Maxillary length: points 1-2;
first bicuspid width: points 3—4; second bicuspid width:
points 5-6; third bicuspid width: points 7-8; fourth bi-
cuspid width: peints 9--10; first molar width: points 11—
12; second molar width: points 13-14.

tologic and radiographic evaluations following
repair were performed to determine the regen-
erative capacity of the palatal tissues.

MATERIALS AND METHODS

Eighteen purebred male Beagle pups (51 to
58 days old)* were used in this study. Three

groups were established to separate the vari-
ables of the different surgical interventions. No
littermates were placed in the same group.

Control group: No surgical procedure was
performed (mean age, 54.8 = 0.8 days);
N = 6.

Cleft group: An isolated, partial cleft of the
hard palate was created at the age of 8 weeks
(mean age, 54.5 = 2.1 days). The surgical de-
fect was not subsequently repaired; N = 6.

Repaired group: An isolated, partial cleft of
the hard palate was surgically created at 8
weeks and subsequently repaired 4 weeks later,
using the von Langenbeck procedure (mean age
for cleft creation, 54.5 * 2.2 days; mean age
for repair, 82.5 * 2.2 days); N = 6.

Surgical Procedure to Create Cleft

The dogs were anesthetized with halothane,
using a pediatric anesthesia unit. After local an-
esthetic was applied, a midline incision was
made extending from the level of the first pri-
mary molar posteriorly to the edge of palatine
bone of the hard palate. Bilateral, full-thickness
mucoperiosteal flaps were raised. With a high-
speed handpiece, using water coolant, a section
of bone 3 X 13 mm was removed from the
center of the posterior edge of the hard palate.
Crescent wedges, approximately 10 mm X
1 mm were bilaterally excised from the edges of
the incised oral mucosa to assure postoperative
patency of the cleft (Fig. 1). The size of the
cleft was measured to the nearest 0.05 mm. The
nasal and oral mucosa were sutured to each
other, to also prevent spontaneous closure, with

* Supplied by Marshall Research, North Rose, NY.

FIGURE 4 Lateral cephalo-
gram with landmarks used to
evaluate craniofacial growth:
PNS (posterior nasal spine); AP
(angular process); P,  (pros-
thion-maxillary); P,., (pros-
thion-mandibular); Inion (ex-
ternal occipital protuberance).
Maxillary length: PNS-P, .;
mandibular length: AP-P, 4;
craniofacial length: Inion-P, .
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4-0 gut sutures. The dogs were given 100%
oxygen until fully recovered (see Fig. 1). The
size of the cleft created was determined by pilot
studies to be of a size that did not permit spon-
taneous closure by the mucoperiosteum and yet
did not interfere with the vomer, which was
shown by Latham (1975) to interfere with facial
growth (see Fig. 1).

To maximize food intake, all the dogs were
fed Purina Puppy Chow mixed with an equal
volume of water to achieve a softened consis-
tency. There were two feedings daily: one in the
morning and one in the evening. The dogs were
inspected twice daily for signs of infection, de-
hydration, and eating deficiencies. Housing
consisted of kennels kept at a constant temper-
ature of 72°C with 14/10 hours of light and
darkness, respectively.

Cleft Palate Repair Procedure

After a 4-week interval, the dogs were anes-
thetized and a palatal closure procedure was
performed by the method of von Langenbeck

TABLE 1 Model Analysis: Maxillary Arch Width
Between the Maxillary Second Molars (Points 13-14)*
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FIGURE 5 Graph of the body
weight recordings. The body
weight values of the cleft and
repaired group were signifi-
cantly different from those in
the control group (8-24 and 8-
36 weeks; p < 0.02).

(Fig. 2). To assure closure, two full-thickness
mucoperiosteal flaps were raised and lateral re-
leasing incisions made. The size of the cleft was
measured with calipers (Helios) with a 0.05-
mm resolution. At this time, a two-layered
palatoplasty was performed. To be considered a
successful repair, two criteria had to be met: (1)
Only one, two-layered palatoplasty procedure
should be required to close the defect, and (2)
no fistulae should develop after the repair pro-
cedure.

Growth and Development Evaluation

At 24 and 36 weeks, three animals from each
group were sacrificed by anesthetic overdose.
All animals were weighed weekly. Records
were taken, with the dog under general anes-
thesia, according to the following schedule: 8,
12, 24, 30, and 36 weeks of age. Records con-
sisted of standardized lateral cephalographs, oc-
clusal radiographs, dental casts, and intraoral
photographs.

TABLE 2 Model Analysis: Maxillary Arch Width
Between the Maxillary First Molars (Points 11-12)*

Group Group
Control Cleft Repaired Control Cleft Repaired
Weeks Weeks
24 42.6 = 1.9 40.7 = 1.3 38.7 = 2.7t 24 341x25 33.1 25 31.7x1.0
30 459 =23 42.1 = 0.7 39.5 = 3.0t 30 35321 344 =25 328*13
36 46.7 = 2.9 42.7 = 0.6 39.8 = 2.8t 36 354 2.1 347 = 2.1 33409

* Mean * standard deviation in millimeters. 24 weeks: n
and 36 weeks: n = 3.

T Repeated measures one-way analysis of variance revealed signif-
icant differences from control group; p < 0.05.

6; 30

* Mean * standard deviation in millimeters. 24 weeks: n = 6; 30
and 36 weeks: n = 3.

Repeated measures one-way analysis of variance revealed no sig-
nificant differences.
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TABLE 3 Model Analysis: Maxillary Arch Width
Between the Maxillary Fourth Bicuspids -
(Points 9-10)*

Group
Control Cleft Repaired
Weeks
24 41.6 = 1.6 40.6 = 2.3 39.3 0.3
30 4.0 =12 42.5 £ 2.6 40.2 = 0.3
36 47.0* 1.9 432 =24 41.1 = 0.5

* Mean * standard deviation in millimeters. 24 weeks: n = 6; 30
and 36 weeks: n = 3.

Repeated measures one-way analysis of variance revealed no sig-
nificant differences.

Model Analysis

The maxillary cast analysis was performed
by measuring the distances between the points
with calipers (Fig. 3). The casts were evaluated
for the incidence of malocclusion—in particu-
lar, the prevalence of anterior crossbites.

Cephalometric Analysis

The radiographs were taken at fixed cathode—
film distances. The landmarks used to assess
craniofacial growth are presented in Figure 4.
The cephalometric films were traced and the
designated landmarks transformed into sets of
coordinates, using a two-dimensional digitizer
(e.g., Tectronix no. 4953) that has a 0.01-inch
resolution. The distances were calculated, tak-
ing into account the individual magnification.

Histologic Examination

The dissected palate of the dog was placed in
10% phosphate-buffered formalin (pH 7.4) for
24 hours at room temperature and decalcified in
Perenyi’s solution. After decalcification, the tis-
sue sections were neutralized in a saturated so-
lution of lithium carbonate in 75% ethanol.
Standard histologic embedding procedures were

TABLE 4 Model Analysis: Maxillary Arch Width
Between the Maxillary Third Bicuspids (Points 7-8)*

Group
Control Cleft Repaired
Weeks
24 38419 37.1 £ 2.1 354 + 0.9
30 41.4 = 1.8 385+24 373+ 1.3
36 419+ 24 39.1 = 2.1 38.0 + 1.8

TABLE 5 Model Analysis: Maxillary Length
(Points 1-2)*

Group
Control Cleft Repaired
Weeks :

8 54.0 = 2.1 542 x 21 53.4 2.1
12 64.7 = 2.1 63.4+29 63.5+x2.1
18 77.8 £ 1.4 75.5 + 4.0 74.8 £ 2.5
24 83.4 £ 0.2 82.0x 5.6 80.6 = 1.2
30 88.9 = 04 83.7 = 4.8 83419
36 89.9 = 0.6 84.5 52 87.9 £ 0.6

* Mean * standard deviation in millimeters. 24 weeks: n = 6; 30
and 36 weeks: n = 3.

Repeated measures one-way analysis of variance revealed no sig-
nificant differences.

followed, and the palate was sectioned at 6-um
thickness. Sections were stained in hematoxylin
and eosin.

Alkaline Phosphate Activity

Selected regions of the palate were placed in
10% phosphate-buffered formalin (pH 7.4) at
4°C for 1 hour. After fixation, the tissues were
washed in deionized water for 1 hour and then
placed in 10% EDTA (pH 6.2) at 4°C. Once
decalcified, the tissues were immersed in 1%
MgCl, at 4°C for 24 hours. Four-micron sec-
tions were cut on a cryostat and stained accord-
ing to the method of Gomori (1952). Alkaline
phosphatase activity was used to monitor bone
regeneration in the palate.

Statistical Analysis

A repeated measures analysis of variance was
performed on all longitudinal data, and a one-
way analysis of variance was performed on all
cross-sectional data. If the levels of significance
were determined to be less than 0.05 level of

TABLE 6 Cephalometric Analysis: Mandibular
Length (AP-Pmd)*

Group
Control Cleft Repaired
Weeks
8 714 £ 1.8 70.2 £ 2.3 69.9 = 1.9
12 859 + 3.3 81.8 = 3.0 82.6 +24
18 1025 2.2 96.6 = 3.0t 97.9 % 2.4%
24 112.7 £ 3.3  108.0 = 4.8t 107.5 + 2.2}
30 1183 2.8 113.1 * 1.5 1129+ 1.3
36 121.5 45 1142+ 54 1149 = 3.1

* Mean + standard deviation in millimeters. 24 weeks: n = 6; 30
and 36 weeks: n = 3.

Repeated measures one-way analysis of variance revealed no sig-
nificant differences.

* Mean =+ standard deviation in millimeters. 8 through 24 weeks: n
= 6; 30 and 36 weeks: n = 3.

T Repeated measures one-way analysis of variance revealed signif-
icant differences from control group: p < 0.05.



TABLE 7 Cephalometric Analysis: Maxillary
Length (PNS-Pmx)*

Group

Control Cleft Repaired

Weeks
8 550=1.3 54.1 = 1.8 545+ 1.9
12 65.5 =.2.3 63.8 = 2.0 63.8 1.9
18 78.5 + 3.1 75.0 = 4.4 75.9 = 2.7
24 85.2 = 3.7 81.0 = 4.7 81.9 + 3.5
30 88.2 = 1.3 81.8 4.4 83.4 44
36 89.2 = 1.1 824 +46 83.8 + 4.6

* Mean * standard deviation in millimeters. 8 through 24 weeks: n
= 6; 30 and 36 weeks: n = 3.

Repeated measures one-way analysis of variance revealed no sig-
nificant differences.

probability, a test of least significant differ-
ences was performed, using the pooled mean
sum of squares due to error.

RESULTS

Weight Gain

The weekly weight gain of the dogs is pre-
sented in Figure 5. The weight gain showed a
significant difference among the three groups.
The repeated measures analysis of variance in-
dicated that the line representing the weight
gain of the control group was significantly dif-
ferent from the lines representing the cleft or
repaired groups (p < 0.05). No significant dif-
ference was found between the cleft and repair
groups.

Growth and Development

The results of the model analysis are pre-
sented in Tables 1 to 5. The results of the ceph-
alometric analysis are presented in Tables 6 to
9. Although all dimensions were reduced in the
cleft and repaired groups, only two dimensions
were significantly different: mandibular length
and the width of the palate at the level of the
second molars. The cleft and repaired groups
were significantly different from the control
group but not from each other (p < 0. 05)

Histologic Findings

At 24 weeks, the cellular activity of the max-
illa was considerably greater than at 36 weeks.
This was true in all three groups. The cephalo-
metric data substantiated the histologic picture
with the finding that the greatest amount of fa-
cial growth occurred between 8 and 24 weeks.
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Control Group

The anatomy of the control group suture at 36
weeks is presented in Figures 6 and 7. The su-
ture at this time presents in a curved rather than
a linear configuration, as seen in the 7-week-old
dog. Alkaline phosphatase activity of the suture
shows a distinctive banding pattern: the enzyme
is greatly reduced in the central region of the
suture. Consequently, the histochemical stain-
ing pattern displays three layers. From this ob-
servation, one can distinguish between a regen-
erated suture that has reformed and a site where
fusion is occurring.

Cleft Group

With few exceptions, the radiographic con-
tour of the cleft was very smooth and regular;
only isolated areas displayed an irregular con-
tour (Fig. 8). A widened opening at the major
palatine foramina was a consistent finding in
the cleft group. This widening of the foramen
often extending anteriorly to include the trans-
verse palatine suture (see Fig. 8). The results of
the bone measurements of the cleft dimensions
are presented in Table 9. Originally rectangular
in shape, the cleft became irregular, with a
rounded contour (see Fig. 8). The results indi-
cate that the area of the cleft increased by 4.08
times. No difference was seen in the size of the
cleft at 24 and 36 weeks in the cleft group.

A consistent finding at 24 weeks was the ap-
pearance of resorptive activity along the medial
border of the palatal shelf. Osteoclasts and as-
sociated Howship’s lacunae were routinely ob-
served. This resorption always extended inferi-
orly from the nasal surface of the palatal shelf
along the medial edge. This histologic picture
indicated that the size of the bony cleft was
actively enlarging. Bone formation along the

TABLE 8 Cephalometric Analysis: Craniofacial
Length (Inion-Pmx)*

Group
Control Cleft Repaired

Weeks

8 106.4 = 2.4 104.1 = 4.2 105.9 = 3.2
12 126.1 = 3.3 120.0 = 5.6 121.8 = 3.3
18 146.5 = 4.5 137.2 = 6.8 140.3 = 5.1
24 160.6 = 5.0 150.9 = 9.2 153.3 = 4.8
30 170.3 = 4.2 158.1 = 8.3 157.5 £ 54
36 173.1 = 1.4 159.3 = 8.4 160.5 £ 7.9

* Mean * standard deviation in millimeters. Eight through 24
weeks: n = 6; 30 and 36 weeks: n = 3.

Repeated measures one-way analysis of variance revealed no sig-
nificant differences.
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medial edge of the cleft was not seen (Fig. 9).
The resorption seen at 24 weeks accounted for
the fact that the palatal shelves were thinner at
36 weeks than in the control group. By 36
weeks, no appreciable osteoclastic activity was
seen in the cleft group.

A common characteristic of the cleft group
was the curling—up into the nasal cavity—of
. the oral mucosa bordering the cleft. In this re-
gion, an accumulation of dense irregular, col-
lagenous fibers could be observed just beneath
the mucosa (Fig. 10). In three dogs, metaplastic
transformation of the epithelium was noted. In
these areas, stratified squamous epithelium had
replaced the normal pseudostratified, ciliated,
columnar epithelium. In one dog, heterotopic
calcification was detected in the nasal tur-
binates.

FIGURE 6 Photomicrograph
of the control group palate at
36 weeks at the region of the
midpalatal suture. Note the ap-
pearance of the suture (Suture),
with its interlocking configura-
tion. At 36 weeks, the suture is
narrow. Note the thickness of
the palatal shelf (Palate). The
nasal connective tissue (Nasal)
and oral connective tissue
(Oral) are labeled for orienta-
tion. (Hematoxylin and eosin
x49.1.)

Repaired Group

In the repaired group, the amount of bone
regeneration was variable. Complete regenera-
tion did not occur in any of the dogs. Both the
24- and 36-week time periods revealed similar
amounts of bone formation. This finding indi-
cated that most of the bone repair occurred dur-
ing the first 12 weeks after the palatoplasty. The
anterior region of the palate demonstrated
greater bone regeneration than did the posterior
region. Always, new bone formation proceded
from margins of the palatal shelves (Fig. 11). In
the region of the lateral releasing incisions, cal-
lus formation was frequently observed. Associ-
ated with the callus were thick, long strands of
collagenous fibers with deep insertions into the
bone. Fiber insertions of this length and thick-

FIGURE 7 Histochemical
photomicrograph, staining for
alkaline phosphatase (Alkaline
Phos.) activity, of the suture
(Suture) of the control group
palate in the region of the su-
ture at high magnification.
Note pattern of staining in the
suture showing three bands:
the bands adjacent to the bone
stain for enzyme, whereas the
central band (Center) is almost
enzyme free. The bony regions
characteristically are un-
stained. (Azo dye x196.4.)



FIGURE 8 Palatal radiograph from the cleft group
showing the osseous contour (whife arrows) of a dog at 36
weeks of age. The transverse palatine foraminae (4) are
widened. Note that the osseous contour of the cleft is
rounded with generally smooth margins, except in the
region of (C). Note also that the bony cleft is significantly
greater than the soft tissue cleft (B).

ness were not found in other regions of the pal-
ate.

Basically, two patterns of palatal regenera-
tion were observed in the repaired group: (1)
The palatal shelf demonstrated localized com-
plete regeneration, including the suture (Fig.
12). (2) No new bone formation was seen. In-
stead, at 24 weeks, osteoclastic activity was ob-
served and the appearance of the shelf was sim-
ilar to the cleft group (Fig. 13).

In most instances, when the shelf had regen-
erated, a suturelike structure had also regener-
ated. However, the morphologic features of the
regenerated suture varied from dog to dog.
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Most frequently, the regenerated sutures that
exhibited normal morphology were located in
the anterior region of the cleft. The suture had a
more juvenile architecture, showing a linear
configuration rather than a complex pattern as is
normal for dogs of 24 weeks (see Fig. 12).

Contributions from both sides of the palatal
shelves were not always equal. Occasionally,
the suture formed unilaterally, extending from
one of the shelves, rather than joining the two
shelves. In some areas, the bony shelf exten-
sions were very close to approximating and
forming a suture. Possible fusion of the palatal
shelves was noted in a few regions of the palate.
Rather than showing a zone lacking in alkaline
phosphatase, these sites had a continuous band
of enzyme staining (Fig. 14).

DISCUSSION

The cleft creation procedure appeared to have
an irreversible effect on weight gain. One week
after the surgical procedure, reduced weight
gain was apparent. A similar but smaller reduc-
tion was found after the repair procedure. With
the closure of the cleft, the repair group did not
recover to control values. Although the cleft
was small, it had a large impact on the animals’
body weight. Ranalli et al (1975) also found no
correlation between the size of the cleft and the
amount of reduction of body weight in children.

In addition to the discomfort of the surgery,
the decrease in the dogs’ weekly weight gain
following the surgery may reflect an altered
ability to eat. Paradise et al (1974) and Avedian
et al, (1980) reported impaired weight gain in
children with cleft palate whose body weight
increased until the sixth month. In laboratory
studies, Freng et al (1976, 1979), Bardach et al,
(1980, 1987), and Schultz (1964) reported re-
duced weight gain in rabbits after surgery to the
soft palate alone.

In the present investigation, every attempt
was made to ensure that the dogs maintained a
steady intake of food. Nonetheless, their body
weight-gain readings suggest that the dogs with
the artificial clefts experienced some difficulty

TABLE 9 Cleft Dimensions: Measurements* of the Surgically Created Cleft in the Cleft and Repaired Groups

8 Weeks Cleft

8 Weeks Repaired

Width 3.
Length 11.

it I+

0.2
0.5

I+ 4+

3 3.1 02
8 11.7 £ 0.7

Group
12 Weeks Repaired 24-36 Weeks Cleftt
54 =10 79+ 1.6
13.1 = 0.5 18.8 = 0.7

* Measurements were taken directly from the palate at the 8- and 12-week time periods. At the 24- and 36-week time periods, measurements
were taken from an occlusal radiograph of the dissected palate. Adjustments were made for magnification. Mean = standard deviation in

millimeters; n = 6.

1 Statistical analysis (Student’s ¢ test) indicated that there were no differences between the 24- and 36-week time periods for the cleft

dimensions; p < 0.2.
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in eating. Misdirection of the food was a
chronic problem and was substantiated by the
findings of heterotopic calcification of the max-
illary turbinates and by impacted food in the
anterior region of the nasal cavity in one dog at
the time of sacrifice. This constant misdirection
against the palate and up into the nasal cavity
may possibly explain some of the histologic
findings seen in the cleft group. The connective
tissue beneath the cleft margin showed signs of
chronic irritation: the marginal edges of the
cleft commonly had a buildup of dense collag-
enous fiber bundles. The marginal edge also
showed signs of osteoclastic activity. Both of
these findings could have been the result of con-
tinual operculation of the soft connective tissue
against the bony palate. This decreased ability
of the dogs in the cleft and repaired groups to
gain weight was reflected in the growth and
development assessment of this study. Overall

FIGURE 9 Histochemical
photomicrograph of the cleft
group at 18 weeks, showing al-
kaline phosphatase activity (Al-
kaline Phos.) in the region of
the bony cleft. Note that the al-
kaline phosphatase activity is
principally localized to the peri-
osteumn and the marrow spaces
of the bone. No alkaline phos-
phatase activity is observed in
the connective adjacent to the
periosteum (Bony Defect). Note
the ragged border of the palatal
shelf, indicating active osteo-
clastic activity (Resorption) oc-
curring along this margin
(Arrows). (Azo dye x49.1.)

values in the maxilla and the mandible, al-
though not significantly different, were none-
theless consistently reduced. This reduction
was most likely the result of the dogs” failure to
thrive.

In contrast to the cleft group, which demon-
strated a fairly uniform response, members of
the repaired group did not. A broad range in
regenerative potential was displayed. One area
of the palate showed complete regeneration,
whereas an adjacent area exhibited degenerative
changes or minimal osteogenic activity. This
variable response was also reported by Barro et
al, (1981), Mors et al, (1975), Chierici et al,
(1970), and Lynch and Peil (1966). However,
in most dogs, the size of the palatal bony defect,
was smaller than the original defect.

This finding raises considerable doubt about
the regenerative potential of transposed perios-
teum. In this investigation, a layer of perioste-

= Qral

Mucosa

FIGURE 10 Photomicrograph
of the cleft group at 36 weeks
showing the inversion of the
oral mucosa (Oral Mucosa) and
accumulation of collagenous fi-
bers (Collagenous Fibers) above
the palatal shelf (Palate). Note
the thinness of the palatal shelf
as compared with the 18-week
period. {Hematoxylin and eosin
x49.1.)




FIGURE 11 An occlusal radiograph showing amount
of regeneration in the repaired group at 36 weeks. Note
that fusion (Fusion) in one site had occurred (Arrow) but
only in the anterior region. Although partial regenera-
tion occurred, the palatal bone was less well organized
when compared with the control.

um was placed over the surgical defect, but
bone formation occurred only along the margins
of the bone defect. Latham et al (1975) also
observed this. Controversy exists over the os-
teogenic capacity of transplanted periosteum.
Most investigators have found that transplanta-
tion of autogenous periosteum from young an-
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imals achieved bone formation. However,
Uddstromer (1978) observed that the osteogenic
response of the periosteum varied with the do-
nor site. Alhopuro (1978) reported weaker bone
formation from periosteal grafts taken from the
calvarium than from the tibia. Melcher {1969)
observed a limited osteogenic response by the
periosteum when a millipore filter was wedged
between the periosteum and a calvarial bone of
growing rats. Castero and Salyer (1975), and
Melcher and Accursi (1971) found similar lack
of bone formation following transplantation of
calvarial periosteum. The differential response
of new bone formation between the periosteum
of long and flat bones may account for the
inability of the transplanted periosteum to
produce bone that was repositioned during the
repair procedure.

The unique feature of this study was the in-
tervening 4-week period between the cleft cre-
ation and the repair. By establishing this tem-
poral separation, time was provided to allow the
tissues of the surgical defect to heal; this mea-
sure permitted a more accurate assessment of
the regenerative capacity of the palate. The re-
sults showed clearly that the presence of a cleft
adversely affected the remaining palatal archi-
tecture. These tissues revealed degenerative ad-
aptations as a consequence of the artificial cleft:
the size of the bone cleft increased during the
first 24 weeks; the mucosa neighboring the cleft
curled up into the cleft site; epithelial metapla-
sia occurred in several areas; heterotopic calci-
fication of the nasal turbinates occurred; and at
24 weeks, the palatal bone demonstrated mainly
resorption along the cleft margin. This study
also demonstrated the limited capacity of the
palatal tissues to regenerate. Although the size
of the original cleft was small (3.1 X 11.7 mm),
only partial regeneration occurred. When bone

FIGURE 12 Photomicrograph
of the repaired group at 36
weeks in the region of the re-
pair. Note that regeneration of
the palate has occurred. The
configuration of the suture (su-
ture outline marked in white
arrows) is linear, reflecting a
simpler, less mature type of su-
ture when compared with con-
trol. Beneath the palate are
dense bands of collagenous fi-
bers (Collagenous Fibers),
which represent part of the re-
pair process. (Hematoxylin and
eosin X49.1.)
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did form, it was irregular and unpredictable in
extent. In several sites, suture regeneration or
fusion resulted from the new bone growth. This
latter consequence—fusion—also adversely af-
fects maxillary growth.
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