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The presence of an alveolar cleft is one of the
major obstacles to good dental arch morphol-

ogy in patients with cleft lip and/or palate (CLP).
In 1972, Boyne and Sands introduced secondary
autogenous particulate cancellous bone and mar-
row (PCBM) grafting for the treatment of alveolar
and residual palatal clefts.1 Our protocol for the

dental reconstruction of patients with CLP is to
perform bone grafting (BG) before canine eruption
and subsequent orthodontic closure of the dental
arch without using prostheses, as described in pre-
vious reports.2–4 However, because of the exces-
sively long treatment period or a wide interdental
space resulting from several congenitally missing
teeth, prosthetic treatment is sometimes necessary.
In such patients, endosseous implants are placed in
bone-grafted alveoli after repair of the alveolar
cleft by secondary BG using PCBM.5,6

Although there are a number of reports regard-
ing the combination of autogenous PCBM bone
grafts with implant placement in the maxilla, nasal
fossa and maxillary sinus,7–11 no clinical data are
available regarding the assessment of grafted alve-
olar clefts for implant placement. The objectives of
this study were to evaluate the bone bridge 3-
dimensionally after PCBM grafting and to deter-
mine whether grafted alveoli are suitable for
implant placement.
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The objective of this study was to evaluate the bone quantity of alveoli grafted with autogenous particu-
late cancellous bone and marrow for implant placement in patients with alveolar clefts. Bone height,
bone width, and interdental alveolar crest level were evaluated using computed tomography and
periapical radiographs. The grafted alveoli underwent resorption 3-dimensionally, and the interdental
alveolar crest level also decreased. The latter seemed to be the critical factor for implant surgery, as
almost half of the grafted alveoli required another bone graft within 24 months after the original bone
graft to increase the interdental alveolar crest level for endosseous implant placement. These data
suggest that alveoli grafted with particulate cancellous bone and marrow are suitable for implant
placement, but that the loss of width and height of the bone bridge must also be considered.
(INT J ORAL MAXILLOFAC IMPLANTS 1999;14:86–93)
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Materials and Methods

Subjects. The subjects were all patients with CLP
under care at the Clinic for Maxillo-Oral Disor-
ders, Tohoku University Dental Hospital, Sendai,
Japan. Ninety-three patients (42 male and 51
female) with 101 alveolar clefts were enrolled in
this study. These patients had undergone sec-
ondary BG with PCBM from the iliac crest at the
Department of Oral and Maxillofacial Surgery,
Tohoku University Dental Hospital, followed by
orthodontic treatment. Their mean age at the time
of secondary BG with PCBM was 11.0 years
(range, 7.6 to 31.7 years).

Fourteen patients with CLP, in whom endosse-
ous implants were placed into grafted alveoli and in
whom these grafted alveoli could be evaluated by
computed tomography (CT) and periapical radi-
ographs before and after implant placement, were
also included (Table 1). Most of these patients were
initially scheduled to receive a prosthesis, such as a
conventional denture or a partial prosthesis, and
not to be treated with implants. These 14 patients
underwent placement of Brånemark implants
(Nobel Biocare AB, Göteborg, Sweden) between
February 1993 and December 1994. Their mean
age at the time of secondary BG with PCBM was
13.6 years (range, 8.8 to 31.7 years) and their age
at the time of implant placement was 18.9 years
(range, 15.0 to 33.6 years). The mean duration
from PCBM grafting to implant placement was 5.3
years. The follow-up period ranged from 2 years to
4 years after implant placement (mean period, 3.3

years). These implants were all osseointegrated and
the clinical outcome was uneventful.

Bone Formation Evaluated by Computed Tomog-
raphy and Periapical Radiographs. Axial CT scans
were acquired using a slice thickness of 2 mm (Figs
1 and 2). These scans were obtained parallel to a
line that included the anterior nasal spine (ANS)
and porion (PO) extending from the alveolar edge
of the maxillary central incisor to the nasal cavity.
Seven to 10 of the slices, including the BG itself,
were acquired using this scanning procedure for
each patient. A magnification factor was indicated
and registered on all scans. This scanning procedure
was designed primarily for evaluation of the BG,
not for evaluation of endosseous implant place-
ment. Periapical radiographs were usually obtained
before BG; 1, 3, and 6 months after BG; and annu-
ally beginning at 12 months (up to 72 months).

Estimation of Bone Height and Bone Width.
The height of the bone bridge after PCBM grafting
in the alveolar cleft was estimated and evaluated in
a time course study. The width was calculated by
direct measurement of an axial image. The height
was calculated by summation over the length in
which the grafted alveoli appeared in an axial
image and was trigonometrically corrected to the
inclination of the maxillary incisors (Fig 3). The
available height of the bone bridge for implant
placement was then calculated by summation over
the length on an axial image more than 4 mm
from the crest (Fig 3). The diameter of the Bråne-
mark implants used was taken into consideration
when calculating bone bridge height.

Table 1 Demographic and Clinical Characteristics of Patients with Endosseous Implants

Patient Age at Duration of bone IACL Bone quality* Implant
no. Sex Cleft type bone grafting (y) formation (y) (score) (class) length (mm)

1 F UCLP 9.8 10.2 2** 3 15
2 F UCLP 11.4 7.2 2 2 15
3 F UCLP 11.8 6.7 2** 3 13
4 F UCLA 11.8 6.5 2** 3 15
5 F UCLP 14.8 6.3 2 4 10
6 F UCLA 13.4 4.3 2** 3 15
7 M UCLP 15.2 2.6 2 3 15
8 F UCLP 10.3 6.8 3 3 15
9 F UCLP 14.9 3.1 3 4 13

10 M UCLP 31.7 1.9 3 3 13
11 M BCLP 8.8 6.2 4 4 15,18
12 F UCLA 9.7 5.1 4 3 15
13 M UCLP 14.4 3.8 4 3 13
14 M UCLP 12.5 3 4 3 15

*Bone quality was ranked into 4 grades based on the classification of Lekholm and Zarb.12

**Chin bone onlay grafting was performed at implant placement.
UCLP = unilateral cleft lip and palate; UCLA = unilateral cleft lip and alveolus; BCLP = bilateral cleft lip and palate; IACL = interdental alveolar crest level.
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Fig 3 The alveolar bone height was calcu-
lated using axial CT images and trigonometri-
cally corrected to the inclination of other
incisors. X = the value of the measurement by
summation of slice width of each axial image
in which the grafted alveoli appeared (assum-
ing that the grafted alveoli appeared over
image 1 to image 5, X is calculated at 10
mm). Y = the value of the net alveolar bone
height, trigonometrically corrected; Xı = the
value of the length with vertical height of
more than 4 mm; Yı = the value of the avail-
able alveolar bone height trigonometrically
corrected; l = the base line (Po-ANS); m = the
line crossing l at right angles; � = an angle
between base line n and m. Net alveolar bone
height (Y) equaled X divided by cos�. Avail-
able alveolar bone height (Y’) equaled X’
divided by cos�.

Fig 1 Axial CT scanning of grafted alveoli. Fig 2 The alveolar bone width was measured using an axial
CT image.
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Estimation of Interdental Alveolar Crest Level.
The interdental alveolar crest level (IACL) was
estimated and scored using periapical radiographs,
as previously reported.5 The lowest part of the
outline of the interdental alveolar crest was esti-
mated and scored as shown in Fig 4. Thirty-eight
grafted alveoli in 33 consecutive patients who
could be followed up at least 24 months were
enrolled in the time course study.

Estimation of Available Grafted Alveoli for
Implant Placement. The frequency of grafted alve-
oli whose bone volume, as well as IACL, were suit-
able for implant placement in 38 grafted alveoli
and could be concurrently evaluated by CT and
periapical radiographs was determined. It was
assumed that implants greater than 10 mm in
length would be used and the optimal interdental
alveolar bone height score was 3 or 4.

Statistical Analysis. The mean value of bone
height and alveolar bone width was calculated,
and the value 1 month after PCBM was compared
with that at 6 to 24 months, 25 to 60 months, and
more than 60 months after PCBM using unpaired t
test. The relationship between the duration from
BG and implant placement and bone height and
bone width was analyzed using Pearson’s correla-
tion coefficient. The proportion of grafted alveoli
suitable for implant placement 24 months before
and after PCBM was analyzed using the chi square
test. For all tests, a P value of .05 was considered
significant.

Results

Bone Height and Alveolar Bone Width. Results of
the time course study after PCBM grafting are
shown in Table 2. The mean net bone height 1
month after BG was approximately 17 mm.
Although there was no significant loss of the net
bone height, the proportion of bone more than 4
mm wide gradually decreased. Available bone height
at 1 month after PCBM grafting was significantly
greater than that at 6 to 24 months, 25 to 60
months, and more than 60 months after BG. This

decrease in available bone height seemed to be the
result of loss of alveolar bone width. The mean value
of the minimal and the mean bone width, compared
to that at 1 month after BG, was significantly
decreased even at 6 months after BG. The mean
alveolar bone width at more than 60 months after
BG (6.6 mm) was only about half of that 1 month
after BG (12.9 mm). Although the mean value of
maximal alveolar bone width 6 months after BG
(15.2 mm) was not significantly different from that 1
month after BG (17.8 mm), it had decreased signifi-
cantly by 24 months after BG (11.2 mm). The mean
minimal alveolar bone width at more than 24
months after BG was less than 4 mm, which suggests
that some grafted alveoli had insufficient width for
implant placement after 24 months. Nonetheless,
mean available bone height was 13.4 mm, which
seemed to be sufficient for implant placement, even
more than 5 years (60 months) after BG.
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Fig 4 Evaluation of IACL. The outline of the interdental crestal
bone level is situated: Score 4: between lines r and n; Score 3:
between lines n and m; Score 2: between lines m and l; Score
1: lower than line l.

Table 2 Evaluation of Bone Bridge after Bone Grafting with PCBM

Duration from BG to No. of alveoli
Alveolar bone height Alveolar bone width

implant placement (mo) examined Net (mm) Available (mm) Maximal (mm) Minimal (mm) Mean (mm)

1 52 17.4 ± 2.2 17.3 ± 2.1 17.8 ± 4.7 7.4 ± 2.6 12.9 ± 2.3
6–24 17 15.0 ± 3.9 13.6 ± 4.7*** 15.2 ± 5.5 5.2 ± 2.1** 10.9 ± 4.2*
25–60 12 16.9 ± 4.3 14.4 ± 5.7** 11.2 ± 4.1** 3.3 ± 1.6*** 7.5 ± 2.6***
> 60 20 18.3 ± 4.3 13.4 ± 4.4*** 9.6 ± 3.1** 2.9 ± 1.6*** 6.6 ± 2.5***

*P < .05; **P < .01; ***P < .001.
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Relationship between Duration from PCBM
Bone Grafting to Implant Placement, Bone Height,
and Bone Width. Because time after PCBM graft-
ing seems to be a factor affecting the value of both
bone height and bone width, we next investigated
the relationship between the duration from PCBM
bone grafting to implant placement and the value
of bone height and bone width (Table 3). There
was a significant inverse correlation between dura-
tion and alveolar bone width. Although there was
also a weak and inverse correlation between dura-
tion and available bone height, there was no corre-
lation between duration and net bone height.

Evaluation of Interdental Alveolar Crest Level.
The time course study of IACL revealed that more
than 80% of grafted alveoli had an IACL score of
4 within 6 months after BG. However, after 24
months, the proportion of the grafted alveoli with
a score of 4 had decreased to one-third. The pro-
portion of alveoli with a score of 3 or 4, which is
usually suitable for implant placement (no addi-
tional grafting is needed), was more than 90%
within 6 months after BG, but it decreased to
approximately 40% by 5 years after BG (Fig 5).

Available Grafted Alveoli for Implant Place-
ment. Because IACL greatly decreased after 24
months, which suggests that some grafted alveoli
had insufficient width for implant placement after
24 months, available grafted alveoli for implant

Fig 5 Graph indicating loss of interdental alveolar bone height
over the course of the study.
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Table 3 Relationship between Duration from BG to Implant Placement,
Bone Height, and Bone Width

Pearson’s correlation coefficient

R P

Duration versus bone width
Maximal –.515 < .0001
Minimal –.618 < .0001
Mean –.677 < .0001

Duration versus bone height
Net .086 .4086
Available –.368 .0002

Table 4 No. of PCBM-Grafted Alveoli Suitable for Implant Placement

Duration from BG
Frequency of sufficient bone bridge

to implant placement (mo) Volume Height Gross†

≤ 24 13/15 (87%) 14/15 (93%) 12/15 (80%)
> 24 17/23 (74%) 14/23 (61%) 10/23 (44%)*
Mean 30/38 (79%) 28/38 (74%) 22/38 (58%)

*P < .05.
†Available grafted alveoli that have sufficient volume as well as acceptable IACL (3 or 4 score).
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placement at 24 months before and after BG was
estimated. Within 24 months after BG, 87% and
93%, respectively, of the grafted alveoli showed an
IACL score of 3 or 4 and acceptable volume.
However, at more than 24 months after BG, the
grafted alveoli showed decreased volume and
height. Of the grafted alveoli, 44% and 80% were
suitable for implant placement at more than 24
months after BG and at 6 to 24 months after BG,
respectively. There was a significant decrease in the
proportion of bone bridges suitable for implant
placement 2 years after BG (P < .05) (Table 4).

Discussion

The dental rehabilitation of patients with an alveo-
lar cleft is challenging for the clinician because the
congenital bone defect is combined with congeni-
tally missing teeth or tooth anomalies, mostly in
the lateral incisor region. In addition, malocclu-
sions and dentofacial deformities are frequently
seen in these patients. Currently, orthodontic and
nonprosthodontic treatment combined with sec-
ondary BG with PCBM seems to be acceptable for
the dental rehabilitation of patients with an alveo-
lar cleft.1–4 However, some patients still need con-
ventional dentures or partial prostheses.

The use of endosseous implants placed into
alveoli after PCBM grafting seems to be a viable
option for dental rehabilitation of patients with
alveolar clefts and congenitally missing teeth. Since
1993, this method for dental reconstruction in
patients with CLP has been used at our institution.
The overall survival rate of implants in grafted
alveoli has been 90.5%, and the clinical short-term
outcome (1 year to almost 3 years) was very
promising, as indicated in a preliminary report.5

However, questions arose as to how frequently
these grafted alveolar clefts could be used for
implant placement and as to the optimal timing of
secondary BG and implant placement. Although
secondary BG of alveolar clefts is a well-estab-
lished procedure,1–4 clinical data are lacking for
the delayed placement of endosseous implants into
the grafted region after PCBM grafting.

The evaluation of BG in patients with CLP using
CT has also been established.13 Computed tomog-
raphy has been used for the evaluation of bone
bridge formation after PCBM grafting for subse-
quent orthodontic treatment.14 In this study, CT
was used for the evaluation of bone quantity for
implant placement. Because a scanning procedure
was not planned for preoperative assessment for
implant surgery, only axial CT scans were available
to evaluate both bone width and bone height.

Therefore, it should be pointed out that one limita-
tion of this study is the method of estimating bone
height. Theoretically, an error between 2 and 4 mm
may be taken into consideration for the estimation
of bone height using this method.15 Nonetheless,
the estimation of bone height using axial CT scans
has been shown to be useful for the presurgical
estimation of the height and width of grafted alve-
oli.15 CT scanning with multiplanar reformations
enables true cross-sectional scanning of the
maxilla16 and can provide a more accurate esti-
mate of alveolar bone height.

It was found that the grafted bone underwent
resorption 3-dimensionally. Time course study of
bone height, bone width, and IACL after PCBM
grafting revealed that the resorption of grafted
bone was greater in width than in height, espe-
cially at the crestal region. By 24 months after BG,
the mean minimal alveolar bone width was less
than 4 mm. This change, together with the loss of
IACL, could make the placement of implants in
grafted alveoli difficult.

The available bone height was then calculated on
the assumption that the implant diameter was less
than 4 mm because the diameter of the Brånemark
implants used in this study was 3.75 mm. Although
the available bone height significantly and progres-
sively decreased, the mean available bone height
was more than 13 mm, even after 5 years. This sug-
gests that PCBM-grafted alveoli are suitable for
implant placement over quite a long period, since an
implant at least 10 mm in length should be enough
for implants intended to replace lateral incisors.5

Although the grafted alveoli showed adequate
bone volume horizontally and vertically, an insuffi-
cient IACL prevents proper implant placement. Use
of implants in alveoli with insufficient IACL will
not result in an appropriate suprastructure–implant
length ratio. In addition, an excessively long artifi-
cial tooth is not esthetically acceptable. Previous
studies have suggested that the IACL is insufficient
for implant placement if there is a long wait
between the time of BG and the time of implant
placement.5,17 In these patients, another graft may
be needed to augment the IACL before implant
placement. Therefore, the IACL seems to be a criti-
cal factor, and thus bone with a class 3 or class 4
height is recommended for implant placement.

In this study, the IACL was significantly
decreased 24 months after BG. Whereas delayed
implant placement seemed to be possible in most
grafted alveoli (80%) within 2 years of BG, less
than half of the grafted alveoli (44%) were suitable
for implant placement after more than 2 years.
Although it is beyond the scope of this study to elu-
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cidate the optimal timing of BG and implant place-
ment in patients with alveolar clefts, one could spec-
ulate that implant placement should not be delayed
beyond 2 years after BG, given these findings.

The IACL seemed to be influenced not only by
the time lag between BG and implant placement,
but also by patient’s age at the time of BG. It is
well accepted that secondary BG of alveolar clefts
in patients with CLP should be performed before
canine eruption.18–20 The reasons for this are the
better clinical results seen in younger individu-
als21,22 and the greater osteogeneic activity in
younger than in older patients.23 Although it was
not statistically significant, there was a tendency to
an inverse correlation between alveolar bone
height and age at the time of BG in this study (data
not shown). Therefore, from a clinical point of
view, secondary BG for alveolar clefts should be
performed when the patient is young. Even if BG is
performed at a younger age, the placement of
implants in adolescence is not recommended
because the implant behaves like an ankylosed
tooth and becomes submerged as the surrounding
bone grows.24,25 Other factors such as the width of
the alveolar cleft,26 the presence of mucobuccal or
mucolabial flaps,27 shortage of soft tissue,18 and
oral hygiene21 also seem to have an effect on
IACL.

In addition, the orthodontic treatment period
includes the healing time of grafted alveoli before
orthodontic treatment (usually 6 months), the
period of teeth alignment (at least 1 year), and the
period for retention required before placing
implants. Grafted alveoli might therefore undergo
bone resorption during the orthodontic treatment
period. The loss of alveolar bone volume and
IACL seen in this study may be related to the
orthodontic treatment procedures used.

It should be pointed out that this study was
cross-sectional in terms of evaluating the width
and height of the grafted alveoli. Therefore, care
should be taken to interpret the findings and their
full implications. Further well-designed, longitudi-
nal studies will be required before the optimal tim-
ing for delayed implant placement into grafted
alveoli can be determined.

Summary

It is encouraging to confirm that grafted alveoli
seem to retain sufficient bone quantity over a long
period after BG with PCBM. This suggests that
grafted alveoli are durable and suitable for implant
placement. The question arises as to how to avoid

or to manage the loss of IACL. Therapeutically, an
interdental bone augmentation technique using
chin bone grafting or guided bone regeneration28,29

at implant placement8 can be beneficial. However,
further intensive studies should focus on determin-
ing the optimal timing for secondary BG of alveo-
lar clefts and on elucidating the treatment manage-
ment, including orthodontic treatment procedures
involving the grafted alveoli, that results in mini-
mal bone loss before implant placement.
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