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Abstract

Background: Older alveolar cleft patients (>12 years old) often have wide bone defect as well as teeth loss, re-
sulting in poor osseous healing with conventional alveolar bone grafting (ABG). In this study, we investigated a
surgical technique of block iliac bone grafting for the alveolar cleft reconstruction and evaluated the clinical and
radiological outcomes of these cleft patients.

Material and Methods: Fifteen patients were included in this study. All cases received preoperative cone bean
computed tomography (CBCT) scans for the alveolar cleft evaluation. Osseous outcomes of block iliac bone graft-
ing were assessed at 1 week, 3- and 6-month postoperatively. Volume changes and bone resorption rates were
calculated using the measurement modules of Simplant software. Bone samples from one patient undergoing
dental implantation were assessed by micro-CT and histological examination. The morbidities of donor-site were
analyzed by clinical examination and questionnaire survey.

Results: The average age of the case series was 18.53+£2.50 years. The intraoral incision of thirteen cases healed
well. However, two cases had oronasal fistula and graft exposure at 1-week postoperatively. The results of fol-
low-up CBCT scans showed significant resistance to radiation on both sides of the bone graft, suggesting a good
osseous healing and new bone formation. The mean residual bone volume was 1.68+0.26 cm?, 1.29+0.23 cm® and
1.15+0.23 cm? at 1-week, 3- and 6-month postoperatively. Correspondingly, the mean bone resorption rates in
3- and 6-month postoperative were 21.78+6.88% and 30.66+8.97%, respectively. From micro-CT and HE exam-
inations, the block bone samples exhibited a cancellous structure in which mature bone trabecula and functional
blood vessels appeared. The average scores of donor-site morbidities were drastically decreased at 3- and 6-month
postoperatively compared with those at 1-week postoperatively.
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Conclusions: Our results demonstrated that block iliac bone grafting could achieve satisfying osseous outcomes in
older alveolar cleft patients, and this technique provided favorable bony condition for further treatments, especially

dental implantation.

Key words: Alveolar bone grafting, Block bone grafting, Osseous healing, CBCT.

Introduction

Alveolar cleft patients need to undergo alveolar bone
grafting (ABG) for repairing maxillary defect and pro-
viding bony support for tooth eruption. Conventional
ABG using autogenous cancellous bone from anterior
superior iliac crest is the gold standard, usually com-
bined with orthodontic treatment (1). This surgical-
orthodontic protocol is commonly recommended to the
alveolar cleft patients of 7 to 11 years old, before the
eruption of canine teeth in the period of mixed denti-
tion. In this time period, the lateral incisor and the ca-
nine gradually develop into the cleft area (2-5). There-
fore, ABG at this age window prevented the erupted
teeth from exfoliating into the cleft site. In addition,
the erupted teeth could play physiological stimulating
effect, which prompted bone remodeling and reduced
bone resorption (6,7). However, for older patients who
have missed the age window, the results of conven-
tional ABG were controversial and could be fraught
with problems of wound dehiscence, graft infection and
tooth eruption failure (8,9).

Older patients of permanent dentition often had wider
alveolar bone defect due to maxillary growth and tooth
loss compared with young patients of deciduous or
mixed dentition (9,10). The alveolar defect volume could
reach to 5 cm3 in older cleft patients, while the residual
bone defect was still 2 cm3 using conventional ABG at
6-month postoperatively (9). The failure of teeth erup-
tion and lack of functional stimulation aggravated the
bone resorption of conventional ABG (10). Moreover,
the possibility of unhealthy oral habits like smoke may
cause poor oral hygiene and increase the risk of bone
graft infection in older patients (9,11). Thus, alveolar re-
construction in older cleft patients was a challenge to
craniomaxillofacial surgeons.

The effect of ABG on maxillofacial development was
uncertain. Some researchers found no significant dif-
ference in maxillofacial growth between the cleft chil-
dren having received ABG and the nongraft controls in
general (12). Block bone grafting technique was rec-
ommended to patients over 15 years of age when early
growth and development of premaxillary region have
finished (1). Since this monolithic bone block technique
was considered to lack the potential for growth con-
sistent with maxillary development. However, block
bone grafting technique has been widely used for bone
augmentation in adults, with good long-term outcomes
(13,14). The bone block could be trimmed to fit for the
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alveolar defect (15) or fixed with small titanium plates
and screws (16). Recent studies reported on the use of
block bone grafting in cleft patients of age window
(17,18); however, for older alveolar cleft patients, this
technique was rarely reported and the osseous outcomes
of bone healing were not well investigated.

In this study, we conducted a case series of older cleft
patients of permanent dentition. Instead of conventional
iliac cancellous bone grafting, the block iliac bone graft-
ing with fixation was performed. The osseous outcomes
and bone resorption rate were assessed by cone bean
computer tomography (CBCT) scans. Bone samples
from one patient undergoing dental implantation were
analyzed by micro-CT and histological examinations.
Donor-site morbidities were assessed by clinical exami-
nation and questionnaire survey.

Material and Methods

-Patients’ selection

From February 2014 to May 2015, a series of 15 alveolar
cleft patients with permanent dentition hospitalized at
Centre of Cleft Lip and Palate, Stomatological Hospital
affiliated to Nanjing Medical University was selected.
All cases were clinically examined and received preoper-
ative CBCT (NewTom VGi, Quantitative Radiology Cor-
poration, Verona, Italy) scans for alveolar defect evalua-
tion. The demographic and clinical data of the enrolled
patients were given in Table 1. The study was approved
by the Ethics Committee of the School of Stomatology,
Nanjing Medical University, China, and written informed
consent was obtained from all patients.

-Operative technique

Block iliac bone harvesting and trimming

Block iliac bone harvesting was performed simulta-
neously with the alveolar preparation by two separate
teams. The incision was made laterally to the anterior
superior iliac crest. After dissecting iliac crest perios-
teum, the inner side of iliac crest was exposed carefully
to avoid damage to the lateral femoral cutaneous nerve.
With 3D reconstruction of the alveolar cleft defect, the
prediction of the block bone was determined by pre-
operative CBCT scans. The osteotomy was performed
with Piezosurgery on three sides of the anterior superior
iliac crest to create a “block bone”. The final block iliac
bone consisted of inner cortical bone and outer cancel-
lous bone. The incision was sutured with layers and the
block iliac bone was trimmed by Piezosurgery to fit for
the cleft defect.
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Table 1: Demographic and clinical data of the enrolled patients.

Case Age/ Cleft Tooth Complications Further Revision

Num. Gender site missing treatment
1 18/F R 11,12 - Ortho+Imp -
2 21/M L 22 - Ortho -
3 15/M L 22 - Ortho -
4 17/M R 12 graft exposure Ortho -
5 17/M L+R 12,22 - Ortho -
6 18/M L 22 - Ortho -
7 25/M L 22 oronasal fistula Ortho +
8 18/F L 22 - Ortho -
9 15/M L 22 - Ortho -
10 19M L 22 - Ortho+Imp -
11 19/M L 22 - Ortho -
12 18/M L+R 13,23 - Ortho -
13 19/F L 22 - Ortho -
14 22/M L 22 - Ortho -
15 17/M R 12 - Ortho -

M: Male, F: Female, R: Right, L: Left, L+R: left and right or bilateral, 12: right lateral incisor, 22: left lateral incisor,
13: right canine, 23: left canine, Ortho: orthodontic treatment, Imp: implantation.

Block iliac bone grafting and fixation

The alveolar cleft was carefully dissected to accept the
bone block. The water-tight suturing of nasal mucosa
was particularly important to prevent from the occur-
rence of oronasal fistula. The trimmed block iliac bone
was then placed in the defect with its cortical surface
to the buccal side. Micro-plate system (AO, USA) was
used to fix block bone to bilateral sides of the defect (Fig.
1). The insufficiency of soft tissue to close the wound
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was very common and the solution was to separate and
loosen the buccal and palatal gingival flaps around the
alveolar cleft. The adequate vertical releasing incisions
of bilateral gingival were needed, ensuring the closure
with no tension.

Outcome analysis

Bone healing and volumetric measurement of block
iliac bone graft

All patients were visually monitored for postoperative
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Fig. 1: The bone block was fixated to the adjacent maxillae with a
long titanium micro-plate.

complications such as wound infection, oronasal fistula
and bone graft exposure by intraoral examinations.
Preoperative and follow-up (1-week, 3- and 6-month)
CBCT scans were taken with the same radiation param-
eters. All data with DICOM format was imported into
Simplant Pro 11.04 software (Materialize, Leuven, Bel-
gium) and the coronal, sagittal and horizontal planes of
the block iliac bone graft were evaluated. To perform
volume rendering, the block iliac bone graft was out-
lined on each slice using the drawing tools of Simplant
software. Collection of all slices with the bone block
was stacked to produce a 3D structure and the volume
calculation was performed with the same protocol de-
scribed in previous studies (6,10,14). The volume cal-
culation for each case was repeated three times by the
same observer (YC Tang) and the mean data at different
follow-up time points was presented with V1 (1-week
postoperative), V3 (3-month postoperative) and V6
(6-month postoperative). The resorption rate was calcu-
lated as a percentage using the formula (V1-V3 or V6)/
V1x100% (6).

Block bone biopsy examination

Bone samples were obtained from case 1 who received
two dental implants, with a cylindrical shape of 3.5
mm in diameter and 5 mm in length. The bone samples
were immediately sent for micro-CT scans. After that,
the bone samples were fixed in 4% parofomaldehyde at
4°C for 24 hours and decalcified in a solution of 10%
ethylenediaminetetraacetic at 4°C for 2 months. Then,
these two samples were dehydrated in a graded series
of alcohols and embedded in paraffin. Sections of 4 uym
in thickness were prepared for hematoxylin and eosin
staining.

Morbidity

The wound healing of iliac crest was examined and
any complications such as wound infection, pain and
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functional limitation were recorded. All patients were
investigated by questionnaire to assess the level of post-
operative pain, numbness and functional limitations.
Standard visual analogue scale (VAS) was used for pain
evaluation on a scale of 0 to 10. The numbness was cata-
logued as four levels (0 = no numbness; 1= mild numb-
ness; 2 = moderate numbness; 3 = serious numbness).
For functional limitations, a threepoint grading from 0
to 2 was used (0 = no restriction; 1= restriction with
sporting; 2 = restriction with walking). These same sur-
veys were used to measure the donor-site morbidity at
follow-up time points postoperatively.

Results

-General evaluation

The mean age of the patients was 18.53+2.50 years old.
Thirteen unilateral alveolar cleft and 2 bilateral alveolar
cleft patients were involved. Maxillary lateral incisor
was lost in 13 patients, and maxillary canines of both
sides were lost in 1 case of bilateral alveolar clefts. One
case with right alveolar cleft lost right central and lat-
eral incisors (Table 1).

-Bone healing and resorption rate

The intraoral wound of all patients was healed well at
1-week postoperatively. However, one case had bone
graft exposure at the top of alveolar ridge at 1-month
follow-up, which was settled following conservative
treatment. Another case with oronasal fistula, resulted
in uncontrolled chronic infection of the bone graft. This
case was handled for a second surgery to remove the
block bone. The unexpected results of these two cases
may be due to dehiscence of incision and bone grafts
exposure. All patients received orthodontic treatment at
3-month postoperatively, and were recruited to remove
the micro-plate system at 6-month postoperatively.
From CBCT scans at 1-week postoperatively, the dis-
tinct boundaries between block bone graft and bone de-
fect of alveolar cleft were observed. While the scans at
3- and 6-month postoperatively showed that the bound-
aries were getting unclear, indicting new bone forma-
tion after bone graft procedures (Fig. 2). The mean
volume of the block bone grafting at 1-week, 3- and
6-month postoperatively was 1.68+0.26 cm?, 1.29+0.23
cm3 and 1.15+0.23 cm’, respectively. Taking the vol-
ume at 1-week postoperatively as baseline reference, the
mean resorption rate at 3- and 6-month postoperatively
was 21.78+6.88% and 30.66+8.97% (Table 2).

-Block bone samples examination

The block bone samples exhibited a cancellous struc-
ture similar to ileum from general observation, which
was further verified by micro-CT scans. The 3D re-
construction of micro-CT scans showed a porous form,
containing multiple trabecula-like structures. Through
hematoxylin and eosin staining, many functional blood
vessels were concurrently found in the centre of the cal-
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Fig. 2: CBCT at 3- and 6-month postoperatively showed new bone formation in the bone graft site. A) The CBCT evaluation
at 3-month postoperatively. B) The CBCT evaluation at 6-month postoperatively.

cium deposition. Mature bone formation was observed
in a well-proportioned distribution among the porous
structures (Fig. 3).

-Morbidity

All patients had excellent healing of the iliac crest wound
at 1-week postoperatively without any infection or bleed-
ing. The mean pain scores were 6.47+1.67, 1.73£0.70 and
0 at 1-week, 3- and 6-month postoperatively, respec-
tively. The follow-up results at 3-month postoperatively
showed 6 patients suffered from mild numbness and 3
patients from functional restriction of sporting. However,
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no patient complained numbness or functional limitation
at 6-month postoperatively (Table 3).

Discussion

The surgical-orthodontic procedure for alveolar cleft
patient is usually performed between 7 and 11 years
of age, consisting of ABG surgery and peri-operative
orthodontic treatment. However, some patients miss
this age window but need ABG treatment in a delayed
fashion. For these older cleft patients, the conditions
of the cleft site and oral hygiene are more complicated
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Table 2: Volumetric calculation of bone graft at 1-week, 3- and 6-month postoperatively.

Case Volume of bone graft(cmS)

Num. Vi V3(RR) V6(RR)
1 1.73 1.41 (18.5%) 1.31 (24.2%)
2 1.53 1.42 (7.2%) 1.33 (13.1%)
3 1.56 1.06 (32.1%) 0.99 (36.5%)
4 1.33 1.03 (22.6%) 0.93 (33.1%)
5 1.38 0.89 (35.5%) 0.72 (47.8%)
6 1.44 1.11 (22.9%) 1.02 (29.2%)
7 2.16 -
8 1.32 1.06 (19.7%) 0.89 (32.5%)
9 1.93 1.49 (22.8%) 1.19 (38.3%)
10 1.73 1.37 (20.8%) 1.22 (29.5%)
11 1.54 1.24 (19.5%) 1.06 (31.2%)
12 1.87 1.35(27.8%) 1.13 (39.6%)
13 1.76 1.42 (19.3%) 1.29 (26.7%)
14 1.93 1.63 (15.5%) 1.55 (19.7%)
15 1.98 1.57 (20.7%) 1.43 (27.8%)

Mean 1.68+0.26 1.29+0.23 (21.78+6.88%) 1.15+0.23 (30.66+8.97%)

V1: volume of bone graft 1-week postoperatively, V2: volume of bone graft 3-month postoperatively, V3: vol-
ume of bone graft 6-month postoperatively, RR: resorption rate.

than that of younger patients. In our case series, all pa-
tients were over 15 years old and had one or more teeth
loss, predominantly in the location of lateral incisor.
Meanwhile, the mean volume of block bone grafting
at 1-week postoperatively was 1.68+0.26 cm? (Table 2),
but the actual volume of alveolar defect could be more
due to deficiencies of bone filling. The previous stud-
ies including ours, demonstrated that the volume of the
cleft defect in younger patients was about 1.0 cm3 based
on CBCT or CT scans (10,19-21). In older cleft patients,
the volume of alveolar defect could reach to 5 cm? (9).
In addition, the absence of permanent eruption could
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exacerbate the resorption of cancellous bone grafting,
with bone resorption rate up to 36.6% at 6-month post-
operatively. While the data was 10.4% if the permanent
tooth erupted spontaneously into the bone graft field (6).
These results indicated that the tooth loss and skeletal
growth could expand the alveolar defect and may impair
the osseous outcomes of conventional ABG treatment.

The donor site of block bone could be iliac crest or man-
dible (16,17). Mandibular bone block could be less re-
sorpted than that from iliac crest for it matched with
the embryologic origin on craniofacial bone formation
(22,23). However, we preferred bone block from iliac
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Fig. 3: The bone samples of block iliac bone grafting. A) The general
observation of the two bone samples from case 1. B) The hematoxy-
lin and eosin-stained examination of bone samples (viewed at 200x
magnification).

crest rather than from genial or symphysis region, for
it could provide adequate bone amount for our cases
of wide cleft defect. After preparation of the cleft site,
it was necessary to shape the bone block to fit for al-
veolar defect. Based on our experience, we considered
preoperative three-dimensional evaluation of the cleft
site and an appropriate bone shaping instrument as two
important factors. For the former, CBCT could provide
statistical information such as structure and size of the
alveolar defect (24). For the latter, we recommend shap-
ing the bones by Piezosurgery, which achieved a high
degree of bone cutting efficiency with minimal damage
(25).

The block bone was fixed with micro-plate system to
ensure a necessary stability of bone healing condition.
In the follow-up examination of CBCT, the block bone
graft and adjacent alveolar bone were fully integrated
completely at 6-month postoperatively. The boundar-
ies between the bone graft and alveolar cleft could not
be identified, indicating the new bone formation in the
cleft area. Micro-CT and histological findings of bone
samples from case 1 also showed excellent mature bone
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structures. Interestingly, the block bone samples were
rich in blood supply and had many functional vessels in
the porous structure. This might provide some hints that
a good revascularization of block iliac bone grafts con-
tributed to nearly 70% of bone graft retention and new
bone formation in 6 months after surgery. For angio-
genesis of graft area was curial to bone healing and os-
seous integration (26). However, limited to the numbers
of bone samples, firm conclusion was difficult to draw
in the present study. More samples and further animal
experiment were needed to elucidate the response of au-
togenesis ectopic block bone grafting. Base on current
results, we only proved that the block iliac bone grafting
could be an alternative for older alveolar cleft patients.
Many studies judged the bone graft outcomes by re-
stored marginal bone level percentages using the
Bergland scale or Enemark grading system, usually
by retroalveolar or panorex radiographs (27-29). How-
ever, this two-dimensional bone volume evaluation was
considered to greatly overestimate the osseous results
of bone grafting. Garib et al. found that the cancellous
bone grafting became a thin bone plate on the teeth
adjacent to cleft by CBCT scans, although the level of
alveolar bone crest was shown to be normal in panorex
films (30). These results highlighted the importance of
selecting appropriate radiological methods and volu-
metric assessment programs. Previous studies had cal-
culated the volume and bone resorption rate with same
protocols (6,10). In this study, we analyzed the volume
changes of block bone grafting by CBCT scanning. The
mean bone resorption rates at 3- and 6-month postop-
eratively were 21.78+6.88% and 30.66+8.97%, respec-
tively. These data were similar to the bone grafts in cleft
patients of deciduous or mixed dentition (6,21).
Although the success rate in cleft patients of advanc-
ing age decreased, the incidence of complications in
the donor/receipt site of older cleft patients was not
significantly different from that of young cleft patients
(1,11,18). In our series, all patients experienced signifi-
cant pain and walking dysfunction at 1-week postop-
eratively. While at 3-month postoperatively, the aver-
age scores of pain, numbness and functional limitation
dramatically decreased. At 6-month postoperatively, all
patients recovered with satisfactory results. These data
suggested that the injury of block iliac bone harvest-
ing was relative low in older cleft patients. Additionally,
2 of 15 cases had intraoral complications such as bone
graft exposure and oronasal fistula. The incidence was
higher than that in previous studies (31,32), reminding
us of the importance of extensive separation of the gin-
gival flaps around alveolar cleft.

The shortcomings of this study were its relatively small
patient cohort, short-term follow-up and lack of control
group using conventional iliac cancellous bone graft-
ing. Compared with pediatric cleft patients, the selec-
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Table 3: Iliac morbidity investigation of postoperative pain, numbness and functional limitations at 1-week, 3- and 6-month post-

operatively.

Case Pain evaluation score Numbness Functional Limitations

Num. Week 1 Month 3 Month 6 Week 1 Month 3 Month 6 Week 1 Month 3 Month 6
1 6 3 0 3 1 0 2 1 0
2 4 2 0 2 0 0 2 0 0
3 6 1 0 3 0 0 2 0 0
4 7 3 0 3 1 0 2 0 0
5 7 2 0 3 0 0 2 1 0
6 8 2 0 2 1 0 2 0 0
7 6 1 0 2 0 0 2 0 0
8 7 1 0 2 0 0 2 0 0
9 7 2 0 2 0 0 2 0 0
10 8 1 0 2 0 0 2 0 0
11 6 1 0 3 1 0 2 0 0
12 5 2 0 3 0 0 2 1 0
13 3 2 0 3 1 0 2 0 0
14 9 2 0 2 1 0 2 0 0
15 8 1 0 3 0 0 2 0 0

Mean 6.47£1.60 | 1.73£0.70 0 2.53+0.52 | 0.40+0.51 0 2.0+£0.00 | 0.2+0.41 0

tion bias of skeleton matured patients resulted in fewer  References

patient samples. The 6- month follow-up was too short
to analyze the final osseous outcomes of bone grafting,
although the evaluation period for bone resorption rate
was less than lyear in the previous studies (6,9).

Conclusions

The procedure of block iliac bone grafting with reliable
fixation led to favorable osseous results in older cleft pa-
tients for alveolar reconstruction. It could provide suf-
ficient bone amount for further dental implantation and
orthodontic treatment.

1. Boyne PJ, Sands NR. Combined orthodontic-surgical management
of residual palato-alveolar cleft defects. Am J Orthod. 1976;70:20-37.
2. Hall HD, Posnick JC. Early results of secondary bone grafts in 106
alveolar clefts. J Oral Maxillofac Surg. 1983;41:289-94.

3. Amanat N, Langdon JD. Secondary alveolar bone grafting in clefts
of the lip and palate. J Craniomaxillofac Surg. 1991;19:7-14.

4. Lee C, Crepeau RJ, Williams HB, Schwartz S. Alveolar cleft bone
grafts: results and imprecisions of the dental radiograph. Plast Re-
constr Surg. 1995;96:1534-1538.

5. Newlands, L. C. Secondary alveolar bone grafting in cleft lip and
palate patients. Br J Oral Maxillofac Surg.

2000;38:488-91.

6. Zhang W, Shen G, Wang X, Yu H, Fan L. Evaluation of alveolar
bone grafting using limited cone beam computed tomography. Oral
Surg Oral Med Oral Pathol Oral Radiol. 2012;113:542-8.

e223



Med Oral Patol Oral Cir Bucal. 2018 Mar 1;23 (2):e216-24.

7. Giudice G, Gozzo G, Sportelli P, Gargiuoli F, De Siate A. The role
of functional orthodontic stress on implants in residual alveolar cleft.
Plast Reconstr Surg. 2007;119:2206-2217.

8. Kortebein MJ, Nelson CL, Sadove AM. Retrospective analysis of
135 secondary alveolar cleft grafts using iliac or calvarial bone. J
Oral Maxillofac Surg. 1991;49:493-8.

9. Dickinson BP, Ashley RK, Wasson KL, O’Hara C, Gabbay J,
Heller JB, et al. Reduced morbidity and improved healing with bone
morphogenic protein-2 in older patients with alveolar cleft defects.
Plast Reconstr Surg. 2008;121:209-217.

10. Zhou WN, Xu YB, Jiang HB, Wan L, Du YF. Accurate Evalu-
ation of Cone-Beam Computed Tomography to Volumetrically As-
sess Bone Grafting in Alveolar Cleft Patients. J Craniofac Surg.
2015;26:¢535-9.

11. Dempf R, Teltzrow T, Kramer FJ, Hausamen JE. Alveolar bone
grafting in patients with complete clefts: a comparative study be-
tween secondary and tertiary bone grafting. Cleft Palate Craniofac
J.2002;39:18-25.

12. Chang HP, Chuang MC, Yang YH, Liu PH, Chang CH, Cheng
CF, et al. Maxillofacial growth in children with unilateral cleft lip
and palate following secondary alveolar bone grafting: an interim
evaluation. Plast Reconstr Surg. 2005;115:687-95.

13. Sjéstrom M, Sennerby L, Lundgren S. Bone graft healing in
reconstruction of maxillary atrophy. Clin Implant Dent Relat Res.
2013;15:367-79.

14. Fretwurst T, Nack C, Al-Ghrairi M, Raguse JD, Stricker A,
Schmelzeisen R, et al. Long-term retrospective evaluation of the
peri-implant bone level in onlay grafted patients with iliac bone
from the anterior superior iliac crest. J Craniomaxillofac Surg.
2015;43:956-60.

15. Cho-Lee GY, Garcia-Diez EM, Nunes RA, Marti-Pages C, Siei-
ra-Gil R, Rivera-Bar6 A. Review of secondary alveolar cleft repair.
Ann Maxillofac Surg. 2013;3:46-50.

16. Theologie-Lygidakis N, Chatzidimitriou K, Tzerbos F, Kolomvos
N, Iatrou I. Development of surgical techniques of secondary osteo-
plasty in cleft patients following 12 years experience. J Craniomaxil-
lofac Surg. 2014;42:839-45.

17. Mikoya T, Inoue N, Matsuzawa Y, Totsuka Y, Kajii TS, Hirosawa
T. Monocortical mandibular bone grafting for reconstruction of al-
veolar cleft. Cleft Palate Craniofac J. 2010;47:454-68.

18. Andersen, K., Norholt, S. E., Knudsen, J., Kuseler, A., Jensen,
J. Donor site morbidity after reconstruction of alveolar bone defects
with mandibular symphyseal bone grafts in cleft patients--111 con-
secutive patients. International journal of oral and maxillofacial sur-
gery 2014;43:428-432.

19. Andersen K, Nerholt SE, Knudsen J, Kiiseler A, Jensen J. Do-
nor site morbidity after reconstruction of alveolar bone defects with
mandibular symphyseal bone grafts in cleft patients--111 consecu-
tive patients. Int J Oral Maxillofac Surg. 2014;43:428-32.

20. Feichtinger M, Zemann W, Mossbock R, Kércher H. Three-
dimensional evaluation of secondary alveolar bone grafting using a
3D- navigation system based on computed tomography: a two-year
follow-up. Br J Oral Maxillofac Surg. 2008;46:278-82.

21. Touzet-Roumazeille S, Vi-Fane B, Kadlub N, Genin M, Dissaux
C, Raoul G, et al. Osseous and dental outcomes of primary gingi-
voperiosteoplasty with iliac bone graft: A radiological evaluation. J
Craniomaxillofac Surg. 2015;43:950-5.

22. Rahpeyma A, Khajehahmadi S. Chin bone graft for maxil-
lary alveolar cleft:indications and limitations. J Craniofac Surg.
2014;25:1650-2.

23. Koole R. Ectomesenchymal mandibular symphysis bone graft:
an improvement in alveolar cleft grafting? Cleft Palate Craniofac J.
1994;31:217-23.

24. Amirlak B, Tang CJ, Becker D, Palomo JM, Gosain AK. Volu-
metric analysis of simulated alveolar cleft defects and bone grafts
using cone beam computed tomography. Plast Reconstr Surg.
2013;131:854-9.

25. Nordera P, Spanio di Spilimbergo S, Stenico A, Fornezza U, Vol-
pin L, Padula E. The cutting-edge technique for safe osteotomies in

e224

Block bone grafting enhances alveolar reconstruction

craniofacial surgery: the piezosurgery bone scalpel. Plast Reconstr
Surg. 2007;120:1989-95.

26. Chim SM, Tickner J, Chow ST, Kuek V, Guo B, Zhang G, et
al. Angiogenic factors in bone local environment. Cytokine Growth
Factor Rev. 2013;24:297-310.

27. Bergland O, Semb G, Abyholm FE. Elimination of the residual al-
veolar cleft by secondary bone grafting and subsequent orthodontic
treatment. Cleft Palate J. 1986;23:175-205.

28. Enemark H, Jensen J, Bosch C. Mandibular bone graft material
for reconstruction of alveolar cleft defects: long-term results. Cleft
Palate Craniofac J. 2001;38:155-63.

29. Francis CS, Mobin SS, Lypka MA, Rommer E, Yen S, Urata MM,
Hammoudeh JA. thBMP-2 with a demineralized bone matrix scaf-
fold versus autologous iliac crest bone graft for alveolar cleft recon-
struction. Plast Reconstr Surg. 2013;131:1107-15.

30. Garib DG, Yatabe MS, Ozawa TO, Filho OG. Alveolar bone mor-
phology in patients with bilateral complete cleft lip and palate in the
mixed dentition: cone beam computed tomography evaluation. Cleft
Palate Craniofac J. 2012;49:208-14.

31. Sivak WN, Macisaac ZM, Rottgers SA, Losee JE, Kumar AR.
Management of failed alveolar bone grafts: improved outcomes
and decreased morbidity with allograft alone. Plast Reconstr Surg.
2014;133:345-54.

32. Macisaac ZM, Rottgers SA, Davit AJ 3rd, Ford M, Losee JE, Ku-
mar AR. Alveolar reconstruction in cleft patients: decreased morbid-
ity and improved outcomes with supplemental demineralized bone
matrix and cancellous allograft. Plast Reconstr Surg. 2012;130:625-
32.

Acknowledgments

This study was supported in part by The Project Funded by the Pri-
ority Academic Program Development of Jiangsu Higher Education
Institutions (PAPD, 2014-37) and The Project Funded by Jiangsu
Provincial Commission of Health and Family Planning (Z201511).

Conflict of Interests
The authors declare that there is no conflict of interests regarding the
publication of this paper.

*Dr. Linzhong Wan and Dr Hong bing Jiang are both the correspond-
ing authors to this paper for they contributed equally.



