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ABSTRACT 

Background: Secondary alveolar bone graft has been 
widely used for the closure of maxillary bone defects 
in patients with cleft lip and palate (CLP). However, 
the log-term stability of grafted bone in detail re- 
mains unclear. Purpose: To evaluate the nature of 
longitudinal changes in the grafted bone from auto-
genous iliac bone in patients with CLP for more than 
2 years after the surgery. Methods and Subjects: The 
subjects were 124 CLP patients treated with iliac 
bone graft in Hiroshima University Hospital from 
1997 to 2007. The height and location of the bone 
bridge was evaluated radiographically before and after 
surgery. Results: 1) Bone graft was performed at a 
mean age of 12.5 (±4.2) years old. The canines on the 
cleft side were not erupted at the surgery in 60.0%. 
All canines erupted except for the congenital missing 
and impacted ones (11.3%) within 2 years after bone 
graft; 2) The height of the bone bridge was more than 
11 mm in 71.8% of all patients 1 month after surgery. 
In addition, the location of bone bridge in 66.1% of 
all patients were clinically satisfactory. However, 
these rates decreased time-dependently owing to bone 
resorption after the bone graft. Conclusions: In con- 
clusion, it is shown that autogenous bone graft pro- 
duce a sufficient bone bridge in the jaw cleft area by 
the long-term evaluation of the changes in height and 
location of bone bridge, although some amount of 
time-dependent bone resorption is inevitable. 
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1. INTRODUCTION 

Cleft lip and palate (CLP) is a prevalent congenital ano- 

maly in the orofacial region characterized by a jaw cleft 
due to failure of the palatal shelves to fuse properly. CLP 
is caused by various genetic and environmental factors, 
and the incidence rate of CLP is 0.19% in Japan [1]. 
Generally, CLP patients receive labioplasty and initial 
palatoplasty at the infant stage as the initial treatment, 
and speech therapy is also needed for the recovery of 
speech function. In addition, discontinuity of the upper 
dental arch due to the jaw cleft frequently causes maloc-
clusion, and orthodontic treatment is conducted on most 
CLP patients for acquisition of stable occlusion. 

Boyne and Sands [2] first reported the benefit of sec-
ondary alveolar bone graft for patients with CLP. Since 
then, various studies have been conducted and indicated 
excellent results to support the availability of bone graft 
[3-11]. This procedure makes it possible to induce erup-
tion of the canine to newly formed alveolar bone and to 
develop maxillary dental arch and occlusion without 
prosthetic treatment. Therefore, alveolar bone graft is 
essential for the achievement of optimal stomatognathic 
morphology and function. It is also of a great importance 
to assess the outcome of bone graft and to clarify key 
determinants for successful results. From an orthodontic 
point of view, the most important advantage of bone 
graft is to complete the upper dentition with continuous 
alveolar bone and erupted canines at the cleft site, 
whereas only undesirable results can be achieved by in- 
sufficient formation of the bone bridge. 

Various factors to affect the outcome of secondary 
bone graft were discussed in previous studies [5,7,12-15]. 
Dental development age at the time of surgery is impor- 
tant for the success of bone graft [5,12-15]. It is recom- 
mended to perform bone graft during mixed dentition 
before the full eruption of canines to allow canine erup- 
tion into the grafted area [5,12-15]. Another factor, type 
of CLP, might affect the outcome of bone graft, that is, 
the success rate is less in bilateral CLP (BCLP) than in *Corresponding author. 
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the unilateral one (UCLP) [15]. 
The purpose of this study was to evaluate the nature of 

longitudinal changes in bone graft into alveolar clefts 
using cancellous iliac bone in CLP patients for a period 
of 2 years after the surgery. 

2. MATERIALS AND METHODS 

The subjects were 124 CLP patients treated with iliac 
bone graft in Hiroshima University Hospital from 1992 
to 2007. Gender, cleft type, age, eruption of canines, and 
history of orthodontic treatment were examined. For the 
history of orthodontic treatment, stage of orthodontic 
treatment at bone graft was evaluated. 

Radiographic analysis was carried out by means of 
periapical and panoramic X-ray films before and after 
surgery for bone graft (T0: immediately before surgery, 
T1: 1 month after surgery, T2: 1 year after surgery, T3: 2 
years after surgery). The height of the bone bridge was 
determined on X-ray films and classified into 4 grades 
(Figure 1); Grade 0 = bone bridge is undetectable, Grade 
1 = vertical height of bone bridge is 0 to until 5 mm, 
Grade 2 = vertical height of bone bridge is 5 to 11 mm, 
Grade 3 = vertical height of bone bridge is more than 11 
mm or complete bridging. 

The location of bone bridge was determined on X-ray 
films and classified into6categories according to the 
Chelsea alveolar bone graft scale reported by Witherow 
et al. [9]. The bone bridge located up to the ameloce- 
mental junction, and covers more than 75% and 25% - 
75% of the root surface was classified into Category A 
and Category B, respectively. The bone bridge with less 
than 25% and 50% uncovered root surface from the 
amelocemental junction was classified into Category C 
and Category D, respectively. Category E does not have 
the bone bridge at either the apical or the amelocemental 
levels. The bone bridge of Category F has 75% or greater 
uncovered root surface from the amelocemental junction. 

For the evaluation of canine eruption, patients with 
congenital missing (7 patients) or abnormally unerupted 
(7 patients) canine on the cleft side were excluded. The 
degree of canine eruption on the cleft side was classified 
into3 scores by means of a panoramic X-ray: Score 1 = 
not erupted from alveolar bone and tooth root formation 
is not completed, Score 2 = erupted and tooth root is in-
complete in the formation, Score 3 = erupted and tooth 
root formation is completed. 

Postoperative changes in the height and location of the 
bone bridge and the degree of canine eruption were in- 
vestigated. 

3. RESULTS 

The number of BCLP patients was 32 (25.8%) and that 
of UCLP patients was 92 (74.2%) (Table 1). Bone graft  

 

Figure 1. Evaluation of the height of the bone bridge. The 
height of the bone bridge was determined on periapical X-ray 
films and classified into 4 grades (Grade 0-Grade 3). 
 
Table 1. Summary of patients (N = 124). 

UCLP 
 BCLP 

Right Left 
Total 

Male 26 (21.0%) 14 (11.3%) 48 (38.7%) 88 (71.0%)

Female 6 (4.8%) 14 (11.3%) 16 (12.9%) 36 (29.0%)

Total 32 (25.8%) 28 (22.6%) 64 (51.6%) 124 (100%)

 
was performed at a mean age of 12.5 (±4.2) years old. 
The surgery was carried out at the observation period 
after the first phase orthodontic treatment in 75 (60.5%) 
patients and during the first phase treatment in 27 (21.8%) 
patients (Table 2). The percentage of unerupted canine- 
son the cleft side (Score 1) was 60.0% at T0, and all ca- 
nines were erupted two years after the bone graft (Table 
3). 

The bone bridge at the bone graft area with more than 
11 mm height (Grade 3) was shown in 71.8 % of patients 
at T1, and the rate decreased at T2 and T3 in stages (Ta- 
ble 4). The rate of patients in Grade 2 and Grade 1 obvi- 
ously increased from 21.0% to 37.1% and 11.3% to 
17.7% from T2 to T3, respectively. The bone bridge was 
not shown (Grade 0) in 4.0% of patients at T1, and the 
rate increased to 8.1% at T3. 

The bone bridge located up to the amelocemental 
junction, with enough coverage of the root surface (Cate- 
gory A) was shown in 66.1% of patients at T1, and the 
rate decreased to 60.5% and 37.1% at T2 and T3, respec- 
tively (Table 5). The rate of patients in Category B, the 
bone bridge with less root surface coverage than Cate-
gory A, was 4.8%, 6.5%, and 5.6% at T1, T2, and T3, 
respectively. The rate of patients in Category B, C, D, 
and F increased at T2 and T3, suggesting the resorption 
of the coronal side of grafted bone. 

4. DISCUSSION 

Since the introduction, secondary alveolar bone graft has 
been successfully used for the improvement of stoma- 
tognathic morphology and function in CLP patients. 

In this study, bone graft was performed at an age of 
12.5 (±4.2) years old on average and 62.1% of the up- 
per canines on the cleft side were not erupted at the time 
of surgery. Timing of the surgery seems a little late in  
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Table 2. Stage of orthodontic treatment at bone graft. 

Stage Number of patients 

Before orthodontic treatment 4 (3.2%) 

During 1st phase treatment 27 (21.8%) 

Follow-up period (after 1st phase) 75 (60.5%) 

During 2nd phase treatment 16 (12.9%) 

Retention period (after 2nd phase) 2 (1.6%) 

 
Table 3. Longitudinal changes in canine eruption on the cleft 
side. 

Step of the treatment Score 1 Score 2 Score 3 

T0 66 (60.0%) 18 (16.4%) 26 (23.6%)

T1 27 (24.5%) 50 (45.5%) 33 (30.0%)

T2 15 (13.6%) 47 (42.7%) 48 (43.6%)

T3 0 (0%) 43 (39.1%) 67 (60.9%)

Score 1 = not erupted from alveolar bone and tooth root is incomplete; 
Score 2 = erupted and tooth root is incomplete; Score 3 = erupted and tooth 
root is complete; Patients with congenital missing or abnormally unerupted 
canine on the cleft side were excluded (n = 110). 

 
Table 4. Longitudinal changes in the height of bone bridge. 

Step of the 
treatment 

Grade 0 Grade 1 Grade 2 Grade 3 

T0 112 (90.3%) 12 (9.7%) 0 (0%) 0 (0%) 

T1 5 (4.0%) 6 (4.8%) 24 (19.4%) 89 (71.8%)

T2 6 (4.8%) 14 (11.3%) 26 (21.0%) 78 (62.9%)

T3 10 (8.1%) 22 (17.7%) 46 (37.1%) 46 (37.1%)

 
Table 5. Longitudinal changes in the location of bone bridge. 

Step of the 
treatment 

A B C D E F 

T0 
0  

(0%) 
0  

(%) 
0  

(%) 
0  

(0%) 
0  

(0%)
124 

(100%)

T1 
82 

(66.1%) 
6 

(4.8%) 
25 

(20.2%) 
1 

(0.8%) 
5 

(4.0%)
5 

(4.0%)

T2 
75 

(60.5%) 
8 

(6.5%) 
21 

(16.9%) 
9 

(7.3%) 
5 

(4.0%)
6 

(4.8%)

T3 
46 

(37.1%) 
7 

(5.6%) 
39 

(31.5%) 
15 

(12.1%) 
7 

(5.6%)
10 

(8.1%)

 
several cases but is regarded as acceptable according to a 
previous finding such that the optimal timing is during 
mixed dentition before the upper canines erupt, usually at 
8 - 12 years [5,12-15]. CLP patients, in general, have a 
significantly higher risk of canine impaction than non- 
cleft patients [16]. An important significance of secon- 
dary bone graft is to complete the maxillary dentition 
with continuous alveolar bone, achieved by the newly 
grafted bone, and to induce spontaneous migration of the 
adjacent canines into the bone graft area [17]. In the pre- 
sent study, although 7 patients (5.7%) have canine im- 

paction, 86.4% and 100% of canines in the other patients 
were erupted 1 and 2 years after surgery, respectively. It 
is thus confirmed that the present outcome of bone graft 
surgery satisfactory for the promotion of canine eruption 
and dental rehabilitation. 

In addition, this long-term follow-up study revealed 
the nature of postoperative changes in the height and 
location of the bone bridge. In previous studies, the suc- 
cess rate of bone graft has been reported as 86.0%: Trin-
dade et al. [18]; 86.7%: Collins et al. [15]; 96%: Ber-
gland et al. [3]; Witherow et al. [9]; 78%. 

In the present study, alveolar bone bridge with more 
than 11mm height (Grade 3) was 71.8% 1 month after 
surgery. By use of the Chelsea Scale for the evaluation of 
bone bridge location, most of the cases in Grade 3 was 
classified into Category A, and several cases were classi- 
fied into Category C because of the deficiency of root 
surface coverage at the amelocemental junction. On the 
other hand, no cases with bone bridge height in Grade 2 
were classified into Category A. Most cases in Grade 2 
were classified into Category B or C, and rarely judged 
as Category D. In addition, no cases in Grade 1 were 
classified into Category A, B, or C. 

Although Category A, B, and C were suggested to be 
clinically acceptable, long-term stability of Category B 
was unknown because of the lack of bone bridge at the 
apical side [9]. In the present study, most of the bone 
bridges in Category B were stable, and 1 Category B 
case changed to Category E 2 yeas after bone graft. In 
addition, the height of the bone bridge recovered by bone 
graft was reduced time-dependently after the surgery in 
many cases. In these patients, the location of bone bridge 
were changed frequently from Category A to C or from 
Category C to D accompanied by the reduction of bone 
bridge height, suggesting the decrease in grafted bone at 
the coronal side. The bone bridge was not shown in 4.0% 
of subjects as 1 month after the bone graft, and the rate 
was increased to 8.1% 2 years later. There are many fac- 
tors that affect the long-term stability of grafted bone. 
One of the possible factors is such orthodontic treatment 
prior to the bone graft as lateral expansion of the maxil- 
lary dentition and the correction of anterior cross-bite. 
Application of maxillary lateral expansion is mainly 
needed to correct collapsed maxillary segments and to 
provide better access for a maxillofacial surgeon to per- 
form bone graft. In addition, expansion of the upper den- 
tition prior to the bone graft facilitates closure of the na- 
sal mucosa by widening the cleft as well as improving 
the narrowed maxillary dentition [19]. Indeed, most CLP 
patients need alveolar expansion because of narrow al- 
veolar arch. However, the effect of alveolar expansion on 
the outcome of bone grafting is still under discussion 
[14]. 

The autogenous iliac bone grafting has been frequently 
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employed for the closure of bone defects at jaw cleft site, 
and reported to allow stabilization of the maxillary dental 
arch and periodontal tissue, eruption of canine into the 
grafted area, promotion of oronasal fistula closure, im- 
provement of nasal symmetry, and orthodontic tooth 
movement and placement of dental implants into the 
cleft area [3-11]. However, the iliac bone graft, particu- 
larly classic large-incision, open techniques for bone 
graft harvesting from anterior and posterior parts of the 
iliac crest, is surgically invasive, leading to a large en-
cumbrance for patients [20,21]. The common donor site 
complications for the anterior ilium are pain, sensory loss, 
gait disturbance, infection, and hematoma formation 
[22]. 

It is important to assess the long-term stability of bone 
graft and to elucidate the key determinants for successful 
outcome of the surgery. Therefore, more extensive in- 
vestigation is highly required to evaluate the prognosis of 
bone graft surgery, leading to an establishment of opti- 
mal therapeutic system for CLP patients. 

In conclusion, it is shown that autogenous bone graft 
produce a sufficient bone bridge in the jaw cleft area by 
the long-term evaluation of the changes in height and 
location of bone bridge, although some amount of bone 
resoption is inevitable. Thus, the bone graft is an effec- 
tive method for recovery of maxillary bone defect due to 
CLP, leading to a generation of continuous alveolar bone 
and optimal occlusion with a definite canine eruption. In 
addition, it is highly anticipated to further improve the 
treatment procedure for CLP in terms of the long-term 
stability of regenerated bone. 
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