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Introduction
The frequency of cleft lip and palate (CLP) among Asians is 

approximately one in every 500 newborns, which is higher than the 
incidence among Caucasians or Africans (one in 800–1000 newborns) 
[1]. Patients with CLP frequently associate a missing incisor at the cleft 
site. To restore the edentulous space and achieve esthetic and functional 
rehabilitation after orthodontic treatment, conventional prosthodontic 
treatment, such as bridges or dentures, is chosen more frequently than 
implant treatment. This is because prosthodontic treatment retains 
the expanded dental arch with a fixed prosthesis between the bilateral 
premolars, even when the alveolar cleft is unilateral [2,3]. Although 
implant treatment is not always suitable in these patients because of a 
lack of available bone, recent advances in surgery, including secondary 
bone grafting (SBG) and improved orthodontic techniques, has 
increased the eligibility of these patients for the placement of dental 
implants at the cleft sites [4]. Furthermore, preparation of adjacent 
healthy teeth is not required for implant treatment [5]. In this report, 
we investigated the timing of bone grafting for cleft closure and dental 
implant placement at cleft sites and evaluated the risk factors associated 
with the esthetic outcomes of this regenerative treatment.

Materials and Methods
This study was performed with the approval of and adherence to 

the guidelines of Tokyo Medical and Dental University, Tokyo, Japan 
(Approval Number: 1150).

Patients

We evaluated 13 patients who were treated with dental implants for 
missing teeth associated with an alveolar cleft at the Implant Clinic of 
the Dental Hospital at Tokyo Medical and Dental University between 

2002 and 2010. Of the 13 individuals studied, eight were women, and 
five were men. Three had a bilateral and 10 had a unilateral cleft lip, 
alveolus, and palate (Table 1). The dental implant evaluated in this study 
was 16 in total.

Ages at bone grafting and implant placement

All patients except one had undergone bone grafting to close the 
alveolar cleft with autologous trabecular bone harvested from the iliac 
crest (SBG) between the ages of 11 and 28, and the mean age was 19. 
Two underwent additional bone grafting prior to implant placement. 
The patients’ ages ranged from 18 to 36 years, and the mean age was 
23years at the time of dental implant placement (Figure 1).
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Abstract
Background and aim: Alveolar cleft is notable congenital deformity in the oral and maxillofacial region. And 

missing incisor is often associated with the cleft site. Owing to recent advances in bone grafting techniques, dental 
implant treatment has become an appreciable method of restoring the edentulous space at the cleft site in addition 
to conventional methods using bridges or dentures. In this study, we investigated the risk factors related to esthetic 
outcomes of implant treatment at alveolar cleft sites.

Materials and methods: A total of 13 patients treated with dental implants for missing teeth associated with an 
alveolar cleft were examined. The patients’ gender, cleft type, and number of dental implants were recorded. The 
ages of patients at bone grafting for cleft closure, additional bone grafting prior to dental implant surgery, and dental 
implant placement were also investigated. Seven risk factors were assessed to evaluate the relation to esthetic 
outcomes. 

Results: Five to thirteen years after the final prostheses were delivered, neither marginal bone resorption nor 
loss of dental implants were found. The esthetic outcomes differed among patients according to several risk factors.

Discussion and conclusion: Oral rehabilitation with dental implants represented a promising treatment for 
alveolar cleft sites when bone graft was appropriate. However, the esthetic outcomes of this treatment depend upon 
multiple risk factors. 

Type of Clefts r-s l-s Bilateral Total
Male 1 3 1 5

Female 0 6 2 8
Total 1 9 3 13

r-s: right side
l-s: left side

Table 1: Description of the 13 patients evaluated in the present study.
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Interval between the last bone graft and implant placement

In most patients (11/13), dental implants were installed at least 
6 months after the last bone graft at the cleft sites. One patient did not 
undergo any bone grafting before implant placement, and one patient 
had dental implants installed 5 months after the last bone graft (Figure 2).

Bone grafting for implant surgery

Even though the time elapsed from the last bone graft at the cleft 
sites until implant placement was over 6 months in most patients, 
the grafted bone remained, and all implants were completely covered 
by host/grafted bone, with or without added bone substitute or bone 
particles obtained during drilling for implant placement. Notably, three 
patients did not require any bone grafting during implant placement 
(Figure 3). Hydroxyapatite allografts (Calcitite®, HAKUHO, Japan, 
Tokyo) were used in three patients.

Risk factors

We evaluated the bone level of the adjacent teeth based on Enemark’s 
protocol[6] which were reported as a method to evaluate the marginal 
bone level after SBG. Risk factors such as lip line, length from the nasal 
floor to the alveolar ridge, width of the edentulous span, gingival margin 
of the adjacent teeth, gingival biotype, status of the adjacent teeth, score 
of the marginal bone level of the adjacent teeth (Enemark’s Score), and 
cleft types (bilateral;BCLP or unilateral;UCLP) [7] were evaluated, and 
designated as “high risk” or “low risk” depending on their effect on 
esthetic outcomes (Figures 4 and 5).

Results
Clinical outcomes 

No dental implants were lost in 5 to 13 years after final restoration. 
Bone resorption around the fixture did not observed. All patients were 
satisfied the esthetic and functional results of dental implant treatment. 

Risk factors

The allocations of the 13 patients are; 2 cases with only low-risk 
factors, 8 cases with a high-risk factor, a case with 3 high-risk factors, 
and a case with 4 high-risk factors, respectively at the timing of implant 
placement. 

The clinical result of 2 patients with no high-risk factors showed 
good esthetic outcomes (Figure 6). Although they used to be with a high-
risk factor in the width of edentulous span, orthodontic treatment made 
them low-risk (Figure 6). A case with 2 high-risks in the length from 
nasal floor to alveolar ridge and gingival margin of next teeth received 
an additional bone grafting prior to implant placement (Figure 7D-7I). 
This process made this case be only with 1 high-risk, and facilitated the 
installation of a dental implant (Figures 8A-8F). Although the esthetic 
outcomes of 8 patients with a high-risk factor showed slightly inferior 
to no high-risk group, it was satisfactory (Figure 9-11). The value of 
esthetic outcomes was not varied among the different types of risk 
factors. In contrast, the esthetic outcomes of 2 patients with 3 high-risk 
factors and 2 patients with 4 high-risk factors were inferior to other 
groups (Figure 12 and 13). It suggested that an increased number of 
high-risk factors related to a poorer esthetic outcome 

Discussion and Conclusion
In the present investigations, all cleft sites except one received bone 

graft from the iliac crest, and in most patients, dental implants were 
installed at least 6 months after the last bone graft. Although bone 
grafting for closure of the cleft was performed between 9 and 11 years of 
age and placement of the dental implants was performed after 20 years 
of age in most patients, only two patients needed additional grafting 
from the iliac crest at the cleft sites to facilitate implant placement; in 
most patients, the implant fixture was covered by bone substitute or 
bone particles obtained during the drilling process. According to the 
clinical results of the present investigations, it was suggested that if the 
bone grafting has performed appropriately, the treatment using dental 
implants can be efficient for the patients those who have alveolar clefts.

However, compared with the normal jaw, the cleft jaw has 
considered to be less suited for dental implant treatment and the 
esthetic outcomes are more variable [8]. To overcome the limitations, it 
is important to regard and screen the risk factors to imagine the clinical 
outcomes. Thus, in this study, we investigated several risk factors related 
to the esthetic outcomes of the treatment of missing teeth associated 
with alveolar cleft. Our results suggest that the esthetic outcomes may 

Figure 1:  Patient’s ages at bone grafting for cleft closure, additional bone 
grafting prior to dental implant surgery, and dental implant placement.

Figure 2: Description of duration between the last bone grafting to the alveolar 
cleft and implant placement (the number of patients).

Figure 3:  Grafted bone during the drilling process for implant placement (the 
number of implants).
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Figure 4 Left: Risk factors related to the esthetic outcomes of the treatment of missing teeth associated with alveolar cleft. Right: Scores of marginal bone level of 
adjacent tooth assessed on X-ray film.

Figure 5: Anticipated results of associated risk factors.
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Figure 6: Patients without high-risk factor showed good esthetic outcomes. Upper: left-side UCLP accompany with missing of left first and second incisor. A dental 
implant has installed at the first incisor subsequent to orthodontic treatment to adjust the edentulous space to appropriate for 1 tooth. Lower: left-side UCLP accompany 
with missing of left second incisor. 

Figure 7: Description of preoperative diagnosis of a patient with a high-risk factor. The gingival margin of the adjacent tooth showed high scalloped triangle shape 
compare to the opposite side (A). The width of the edentulous span was appropriate for a tooth (B). The patient has low lip line (C). Computed tomography (CT) before 
(D, E) and after (G, H) bone grafting for cleft closure.  Dental X-ray for evaluation of marginal bone level of adjacent tooth (before bone grafting: F, after bone grafting: I)
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Figure 8: Surgical process of dental implant placement of the patient (A-F). Provisional restoration (G) and final prosthesis (H) of the dental implant treatment.  

Figure 9: Esthetic outcomes of patients with a high-risk factor on the gingival margin of next teeth. Upper: left-side UCLP accompany with missing of left second incisor 
(Figure 7 and 8). Lower: left-side UCLP accompany with missing of left second incisor. The gingival margin showed high scalloped shape on the edentulous site.
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Figure 10: Appearance after dental implant treatment for the patient with a high-risk factor on the width of edentulous span. Upper: Front view of the final prosthesis. 
Lower: Occlusal view after final restoration. 

Figure 11: Clinical results of dental implant treatment of the patients with bilateral alveolar clefts. Since the block of the first incisors and its surrounding bone have 
been isolated from the alveolus bone of the maxilla, reconstruction of the front block of the alveolus bone is more complicated.
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Figure 12: A case with three high-risk factors. The score for marginal bone level was 2 on the adjacent tooth. The gingival margin of the adjacent tooth showed high 
scalloped shape. And the gingival biotype was thin. 

Figure 13: The aesthetic outcomes of the patients with four high-risk factors. The score of the marginal bone level were 2, they have high scalloped gingival shape, 
thin gingival bio type, and malposition of the adjacent tooth.
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depend on the number of risk factors present rather than which risk 
factor is involved in high risk. Our findings also suggest that physicians 
may be able to predict the outcomes of dental implant treatment in 
these patients by evaluating these risk factors beforehand.

Bone defects associated with alveolar cleft can often be large, 
meaning that bone height and alveolar ridge width are often insufficient 
for dental implant placement. Bone grafting has been shown to increase 
bone volume remarkably for implant stability at the grafted sites [9-11]. 
Since these bone defects are large, trabecular bone from the iliac crest 
is mainly used for cleft closure at present [12]. However, although bone 
grafting for dental implant placement was demonstrated efficient in the 
present study, the procedure of harvesting marrow from the iliac bone 
is invasive and may bring suffering such as pain after surgery [13-15]. In 
addition, it has been reported that trabecular bone may be resorbed by 
time after surgery [14,16]. Indeed, additional bone grafting for implant 
placement was necessary in two patients who had already undergone 
bone graft several years before for the first time, which implies bone 
resorption after the original graft [17-19].

Recent advances in stem cell therapy may yield a novel protocol for 
bone regeneration applicable to bone defects associated with an alveolar 
cleft [20-24]. This approach may be less invasive and more natural than 
conventional autologous bone grafting [25-28]. Tissue regeneration 
using stem cells may provide useful methods for cleft closure and it can 
replace the conventional invasive procedure in the future [29-31].
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