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l. Introduction

Secondary alveolar bone grafting was first
described by Boyne and Sands in 1972, 1976."”
Use of the technique has become accepted as a
means of uniting and stabilizing the segments of
the maxilla prior to definitive orthodontic and
dental treatment.3) Ideally, the
technique is performed early enough to allow
eruption of the permanent canine into the
grafted boned) Assessing the success of the
graft radiographically has previously been carried
out on a long-term basis. Bergland et al.
focused on the height of the interdental septum
adjacent to the erupted canine, and used
radiographs taken at least 1 year after surgery
for the assessment. In 64% of 450 grafted
clefts, a normal height of interdental septum
was achieved, and the cleft space was closed in
90% of cases.4,6) Kim et al. have evaluated the
height of interdental septum using Bergland
index after secondary alveolar bone graft in
cleft alveolus patients,7,8) but have not
examined the contour of grafted bone using
modified method of Long. The purpose of this
study is to examine (1) cleft width, (2) eruption
stage and status of teeth in the proximal and
distal segments, (3) bone contour adjacent to the
cleft and change of the alveolar crest height
after bone graft, (5) correlation between cleft
width and the bone graft success.

restorative

ll. Patients and Methods

1. Patients

This was a retrospective study using records
of patients managed by two surgeons at
department of oral and maxillofacial surgery in
Seoul National University from 1991 to 1999.
Only cases with complete clinical records, and
orthopantomogram of sufficient quality to assess
bone attachment and alveolar crest heights were
included in this study. Fifty-six unilateral cleft
patients were selected. Thirty-six patients were
male and twenty patients were female.

The average age at the time of bone grafting
was 12,9 years, with a range of 5 to 30
years(see Table 1). The average age at
follow-up was 14.0 years with a range of 9 to
31 years. The average time of follow-up after
grafting was 17 months ranging from 6 months
to 66 months.

The requirement for the postoperative
follow-up period was a minimum of 6 months.

Bones used for grafting were taken from the
iliac bone in 56 cases. The procedure for
harvest of iliac bone was as follows: While
iliac bone was harvested as particulated
corticocancellous bone or corticocancellous block
bone, the cleft area was exposed subperiosteally
through the vertical incisions along the edges of
the cleft on the labial side. Harvested particulated
corticocancellous bone or corticocancellous block
bone was inserted into the alveolar cleft defect

area.7’8’9)

Table 1. Distribution of Age at Operation

Ages No. of Patients(%)
2-5 1(1.8%)
6-15 44(78.6)%
16 < 11(19.6)




2, Methods

1) Cleft Width Measurement

One of the authors measured the distance
from CEJ to alveolar crest and cleft width
using presurgical orthpantomography like Fig.1.
A distortion correction was attempted by
determining the ratio of the radiographic width
of the tooth adjacent to the cleft of proximal
segment compared with the actual width of this
tooth measured on study models. The
radiographic width was then multiplied by this
factor to approximate true cleft width.

2) Eruption Stage and Status of Teeth in the
Proximal and Distal Segments

Presurgical orthopantomogram was used to
determine eruption stage of teeth, status of teeth
in the proximal and distal segments.

The eruption stages of the teeth adjacent to
the cleft were determined from the radiographs
and noted as follows:

1. Unerupted - Crown of the tooth completely

encased in bone.

2. Partially erupted - A part of the crown
had emerged through the bone; this was
determined by a break in the radiopaque
outline of the dental follicle.

3. Fully erupted - Tooth in its final erupted
position in the arch; represented on the
radiographs with a uniform width of
periodontal ligament around the root.6)

3) Measurement of Bone Contour and Alveolar
Crest Height

A modified method of assessing bone
architecture of the graft as reported by Helms et
al.(1987) was used(Fig. 2, Long, 1995).
However, in addition to the direct measurement
taken from the radiograph, for the purpose of
statistical analysis and to avoid the potential
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distortion factors of radigraphic elongation or
foreshortening, all measurements were converted
to ratio measurements using the various
measures of alveolar bone height(variables B, C,
D, F, and G in Fig. 2) as the numerator and
the root length of teeth adjacent to the
cleft(variables A and E in Fig. 2) as the
denominator. In this series of patient, bone
coverage at the apex of the root in the
proximal segment did not always occur, so bone
height could not always be measured from the
apex of this tooth. In addition, therefore, to the
measurements of the bone  attachment,
represented by the ratios B/A and F/E in the
proximal and distal segments respectively,
alveolar crest height, as reflected by its
approximation to the cementoenamel junction,
was measured as the ratio C/A for the tooth in
the proximal segment and G/E for the tooth in
the distal segment. Using this method, the
failure of the establishment of a bony bridge
would be represented in one of two ways : (1)
when there was no bone suppott present on
either root adjacent to the clefi(ie, no
measurement for B or F) or (2) when notching
of the grafted alveolus extended to or below the
apex of the root adjacent to the cleft. This was
reflected by the measurement D/A>1.6)

4) Statistical Analysis

We used paired t-test to assess whether the
height of alveolar crest increases after alveolar
bone grafting into the alveolar cleft. In order to
assess if cleft width and the success of the
bone graft as determined by the previously
mentioned radiograph  measurements, linear
regression statistics were used. A level of
p<0.05 was set to determine a relationship that
would be considered statistically significant.



Fig. 1. Preop. measurement

1 @ Cleft width

a=length of proximal segment anatomic root
from apex to cementoename} junction)

c=the location of alveolar crest bone on the
distal surface of the proximal segment root

e =length of distal segment anatomic root{from
apex to cementoenamel junction)

g =the location of alveolar crest bone on the
mesial surface of the distal segment root

lll. Results

1. Cleft Width

A total of 56 cleft sites was observed. The
mean cleft width was 6.9 mm with a range of
1.9 mm to 12.1 mm.

2, Teeth in the Proximal and Distal Segments

The tooth in the proximal segment was a
central incisor in 92.9%(52 cases) of the clefis.
The incidence of a lateral incisor occuring as
the tooth in the proximal segment was 7.1%(4

Fig. 2. Postop. measurement

A =length of proximal segment anatomic root
(from apex to cementoenamel junction) : B =
the most coronal attachment of bone along the
distal surface of the proximal segment root .
C=the location of alveolar crest bone on the
distal surface of the proximal segment root :
D=the amount of notching of bone graft : E
= length of distal segment anatomic root(from
apex to cementoenamel junction) : F = the
most coronal attachment of bone along the
mesial surface of the distal segment root : G
= the location of alveolar crest bone on the
mesial surface of the distal segment root
(Long et al, Cleft Plate Craniofac J, 1995)

cases). The proximal tooth was fully erupted in
49 cases, and partially erupted in 6 cases(4
central incisors, 2 lateral incisors), and
unerupted in 1 case(l case) at the time of
surgery (see Table 2). The eruption stage of the
teeth in the distal segment was varied. In the
distal segment, 51.8 %(29 cases) of teeth were
canines. At the time of bone grafting, 20.7%(6
cases) of the canines were unerupted, 48.3%(14
cases) were partially erupted, and 31.0%(9
cases) of the canines had erupted completely
into the arch. The distal tooth was a lateral
incisor in 44.6%(25 cases) of the sample. At



Table 2, Eruption Stage of the Teeth in the Proximal Segment
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Eruption Eruption Stage
Tooth Fully Erupted Partially Erupted Unerupted Total
Central Incisor 47(90.4%) 4(14.8%) 1(3.7%) 52(92.9%)
Lateral Incisor 2(50.0%) 2(50.0%) 0 4(7.1%)
Total 49(87.5%) 6(10.7%) 1(1.8%) 56(100%)
Table 3. Eruption Stage of the Teeth in the Distal Segment

Eruption Eruption Stage
Tooth Fully Erupted Partially Erupted Unerupted Total
Canine 9(31.0%) 14(48.3%) 6(20.7%) 29(51.8%)
Lateral Incisor 7(28.0%) 18(72.0%) 0 25(44.6%)
Premolar 2(100%) 0 0 2(3.6%)
Total 18(32.1%) 32(57.2%) 6(10.7%) 56(100%)

the time of bone grafting, 72.0%(18 cases) of
the lateral incisors were partially erupted, and
28.0%(7 cases) of the lateral incisors had
erupted completely into the arch. The distal
tooth was a premolar in 3.6%(2 cases) of the
sample. Therefore 38 teeth(67.9%) in the distal
segment were unerupted at the time of alveolar
bone grafting (see Table 3).

3. Bone Graft Contour and Change of the
Alveolar Crest Height

The amount of bone, at the distal surface of
the tooth adjacent to the cleft in the proximal
segment, usually relates to the success of the
bone graft in providing alveolar support for this
tooth. This characteristic was expressed in the
ratios of B/A and C/A. The mean figure for the
ratio B/A was 0.79 and for C/A, 020. The
apex of the proximal root lacked bone coverage
in 7.1%(4 cases) of the clefts. This was shown
when the sum of ratios B/A and C/A was less
than 1. The ratio D/A measured the amount of

notching of the alveolar ridge at the grafted
site. D was taken from the greatest depth in the
alveolar ridge measured along the perpendicular
to the intersection of the line between the
cementoenamel junctions of the teeth adjacent to
the cleff, C and G. The mean ratio for this
sample, indicative of alveolar notching, was
0.37.  Postoperative  elimination  of  the
characteristic notching, evident in patients prior
to bone grafting, is a measure of the
effectiveness of the bone graft in creating a
more esthetic ridge. The similar analysis of the
bone support for the tooth closest to the cleft
in the distal segment is described by the ratios
FE and G/E. The mean for the former was
0.87 and for the latter 0.13.

Our sample achieved a bony bridge in 100%
of the cases, and the success rate was 100% :
(1) In all cases there were bone supports
present on either root adjacent to the cleft. (2)
In any case notching of the grafted alveolus did
not extend to or below the apex of the root



Table 4. Comparison of the Alveolar Bone Height Pre— and Postoperatively

c/a C/A gle G/E
Mean 0.58 0.20 0.28 0.13
SD 0.25 0.14 0.20 0.11

p value < 0.0002 < 0.0031

adjacent to the cleft. (3) In all cases there was
no oronasal fistula after secondary alveolar bone
grafting into the alveolar clefts.

There was statistically significant increase of
alveolar bone height after alveolar bone grafting
into the alveolar cleft (see Table 4).

4, Cleft Width and Bone Graft Success

A statistically significant correlations was not
found between increasing cleft widths and
simultaneous increase in notching(D/A) of the
alveolar ridge following bone graft, and between
increasing cleft width and decreasing alveolar
bone support(B/A, F/E) of teeth adjacent to the
cleft, and between increasing cleft width and
increasing alveolar bone resorption(C/A, G/E) of
teeth adjacent to the cleft. There was no
statistically  significant  correlation  between
presurgical cleft width and the success of the
alveolar bone grafting into the alveolar cleft.

V. Discussion

The main objectives of alveolar bone grafting
into the alveolar cleft include the following: (1)
to stabilize the maxillary segments, especially
the mobile premaxilla in bilateral cleft cases, (2)
to eliminate the need for a prosthesis or at least
improve the vestibular soft tissue relationship
and alveolar contour and thus facilitate the final
prosthetic restoration, (3) to close an oronasal
fistula if present and eliminate irregularities in
mucosal contour, with subsequent favorable

effect on speech if the fistula is large, (4) to
provide bone into which the canine and other
adjacent teeth could erupt or be moved
orthodontically and, in addition, give the
adjacent teeth bony support, (5) to restore the
canine eminence, thus providing bone support
for the alar base and possibly helping to
eliminate nasal asymmetry and relieve obstructed
airways, and (6) to consolidate the maxilla so
as to facilitate secondary corrective surgery,
such as orthognathic surgery.10)

The best time to perform alveolar bone
grafting is vigorously debated. The main issue
is the desire to accomplish the goals as early as
possible without causing adverse effects on the
growth of the maxilla or damage to the tooth
buds. Secondary alveolar bone grafting is
performed after cleft palate repair, and can be
organized into early, intermediate, and late
timing. Boyne and Sands said primary bone
grafting is less than two years of age, early
secondary bone grafting is between the ages of
2 and 5 years, secondary bone grafting is
between the ages of 6 and 15 years, late
secondary bone grafting is mature adults.1,2)
Turvey reported the graft should be placed
before eruption of the permanent canine to
maximize the periodontal benefits, this should

" take place when approximately 1/2 to 2/3 of the

canine root has formed and before eruption into
the arch. The age of 8 to 10 year is the usual
time for surgery.11) Enemark said that optimum
time for alveolar bone graft of the unilateral
cleft alveolus is when maxillary growth was



almost complete(8 to 9 years of age), prior to
the eruption of the permanent canine tooth.12)

The mean age of this sample at 12.9 years is
above the ideal suggested by the previous
research, compared to the Norweigian mean age
of 11.6 years, and mean age of sample studied
by Long et al. at 11.1 years. We think that it
was likely due to the inclusion of several older
patients in our study.

Many factors must be considered in
attempting to determine the ideal timing for
secondary grafting. Chronologic age is not as
important as bone age and dentofacial
developmental stage to provide bony support of
the succedaneous(adult) fissural(next to the graft)
teeth. The classically described timing for
secondary alveolar bone grafting is when one
fourth to three fourths of the succedaneous
canine root is formed radiographically. This
development is typically seen between 7 and 11
years of age when the majority of transverse
and sagittal maxillary growth has already
occurred.13) Late grafting performed after
exposure of the cementum may lead to root
resorption  and  ankylosis of the teeth,
predisposing to tooth loss and complicating later
orthodontic management. Graft resorption is also
increased in grafts placed after eruption of the
teeth adjacent to the cleft. This resorption
results in a diminished crestal level of the bony
interdental septumn and, therefore, less support.
For these reasons, late grafiing is least desirable.
A trend toward earlier secondary grafting has
developed because of the desire to accomplish
the goals of bone grafting earlier and because
most of the maxillary growth in the region of
the cleft is complete by 5 or 6 years of age.14)
Additionally, earlier grafting provides support to
the eartier erupting lateral or even central
incisor. The presence and condition of the
lateral incisor are pivotal to consideration of
earlier timing. If the lateral incisor is absent or
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dysmorphic to  the point of  being
nonfunctional(i.e., a "peg" lateralis), the support
around the central incisor should be evaluated.
When there is adequate bone on the cleft side
of the central incisor, grafting is delayed until
the canine is near eruption(7 to 11 years of
age). If support for the central incisor is
lacking, however, grafting at as early as 4 to 6
years of age may be necessary to support this
tooth. If the morphology and location of the
lateral incisor are adequate, grafting is perfomed
when two thirds to three fourths of its root is
formed(6 to 7 years of age).

In the case of 67.9% among our patients,
secondary alveolar bone grafting into the
alveolar cleft was done before fully eruption of
tooth in the distal segment(see Table 3),
compared to 83% of Long et al. Similarly we
think that it was likely due to the inclusion of
several older patients in our study.

In our study the mean cleft width was 6.9
mm with a range of 1.9 mm to 12.1 mm,
compared to 5.2 mm with a range of 1.0 mm
to 11.2 mm of Long et al. The timing of
radiographs in this study showed a large
variation. The variation was largely caused by
unreliable patient attendance. It is possible that
this variation in timing of the radiographs
caused inaccurate assessment of bone levels due
to the possibility of resorption or remodeling.
However, Lija at al. suggested that bone levels
do not change significantly between 3 months
and 1 year after surgery, unless there has been
flap  dehiscence. Presurgical ~ orthodontic
expansion of maxillary segments, which has the
potential to increase substantially the width of
the cleft, could be considered as a possible
factor influencing the difference of cleft width.

In terms of the success rate of the procedure,
our sample achieved a bony bridge in 100% of
the cases. In all our cases there was bone
support on either root adjacent to the cleft. In



) oxix Rlm
3ng , 237, B

a
ol

any case notching of the grafted alveolus did
not extend to or below the apex of the root
adjacent to the cleft. In all our cases there was
no oronasal fistula after secondary alveolar bone
grafting into the alveolar clefts. Kindelan et al.
reported that 5% of the sample were assessed
as having no bony bridge across the cleft.
Amanat and Langdon reported 6.4% of the
grafts being completely resorbed in a similar
series of patients.6,15) Long et al. reported on a
sample of 46 cleft sites, of which 95% had a
bony bridge across the cleft after grafting and
the success rate for achieving a bony bridge
across the cleft was 91%.5)

The analysis of bone contour in our study
depicts, in the majority of cases, adequate bone
support generated for both teeth adjacent to the
cleft. The average alveolar crest level was
consistently higher for the tooth in the distal
segment, indicated by the average G/E ratio
being less than C/A(see Table 4). However, the
proximal tooth also had good alveolar crest
height(mean C/A = 0.20), although with a lower
mean than G/E. This concurred with the
findings of Teja et al, showing that the
alveolar crest height for the tooth in the
proximal segment is consistently lower than that
of the tooth in the distal segment. They
attributed this difference to the eruption of the
proximal segment tooth into an unfavorable
position prior to alveolar bone grafting ;
subsequent presurgical orthodontic manipulation
could also have contributed to compromised
bone levels. In addition, eruption of the canine
tooth through the bone graft in many cases,
might have a positive effect on alveolar crestal
height. Another interesting observation was that
the apex of the proximal root was not always
covered by bone. This lack of bone did not
occur for any of the teeth in the distal
segment(see Table 4). Where there is little bone
coverage over the root adjacent to the cleft,

minimal presurgical orthodontics should attempt
so as not to jeopardize the integrity of the root
apex and its investing bone.6,16)

In our results, no significant correlation was
not found between presurgical cleft width and
the alveolar bone attachment of teeth adjacent to
the grafted cleft site and between presurgical
cleft width and notching of the alveolar ridge in
the region of the bone graft. In the study of
Long et al. who measured contours of the
grafted bone from radiographs of 46 cleft sites
to examine correlation between cleft width and
the success of alveolar bone grafting, he
reported that there was significant, but low,
negative correlation between presurgical cleft
width and alveolar bone attachment of teeth
adjacent to the grafted cleft site, and notching
of the alveolar ridge in the region of the bone
graft had a statistically significant low positive
correlation with increasing cleft widths, but
presurgical cleft width had little or no impact
on the success of alveolar bone grafts.6)

V. Conclusion

The findings of this study indicate the

followings:

1. There was statistically significant increase
of alveolar bone height at both proximal
segment and distal segment after alveolar
bone grafting into the alveolar cleft.

2. The alveolar crest height for the tooth in
the proximal segment is lower than that of
the tooth in the distal segment in the
statistical analysis.

3. There was no statistically
correlation between presurgical cleft width
and the success of the alveolar bone
grafting into the alveolar cleft.

4. Secondary alveolar bone grafling resulted
in the formation of alveolar process

significant



bridging the maxillary cleft and eliminating
oronasal fistula in 100% of the cases.

5. The bone graft provided adequate bone support to
the tecth adjacent to the cleft site.
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