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INTRODUCTION

The repair of congenital or acquired alveolar defects with 
bone grafts is one of the most common surgery techniques 
in oral and maxillofacial surgery. Although autogenous 
bone grafts need a second surgical intervention, they 
are accepted as a golden standard because of their high 
osteogenic potential.[1] The grafts can be obtained from 
various extraoral donor sites like iliac crest, calvarium, tibia 
and rib. The iliac crest is the most common site to harvest 
large amounts of autogenous bone.[2,3] Obtaining grafts from 
these areas usually involves general anesthesia. However, the 
patients affected by partial edentulism do not easily accept 
major surgical procedures that may imply hospitalization or 
general anesthesia. Also, the use of extraoral bone grafting 

is a cause of major patient discomfort during the immediate 
postoperative phase.[4]

Generally, localized bone defects of oral region require only 
a confined amount of bone. Donor sites for these grafts can be 
found within oral cavity. The mandible is one of the most common 
donor sites in the maxillofacial region. Most of craniofacial bones 
of the skull and mandible are formed by intra membranous 
ossification. The membranous bone grafts show less resorption 
than endochondral bone grafts.[5‑8] Furthermore, membranous 
cortical grafts revascularization is more rapid than endochondral 
bone grafts.[5,9,10] Therefore, embryological origin of donor bone 
is important factor for a successful recovery period. Another 
advantage of the intraoral donor site is that harvesting of bone can 
be performed under local anesthesia. Additionally, bone grafts can 
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be easily obtained with lower complications from intraoral donor 
sites.[11] Common donor sites in the oral region are mandibular 
symphysis, retromolar area and the maxillary tuberosity.[11‑14]

In this retrospective study, the outcomes of autogenous block 
bone grafts obtained from mandible are reported for different 
indications. The healing of the donor and recipient sites in the 
postoperative period, morbidity and the resorption of the graft 
are clinically assessed.

PATIENTS AND METHODS

All patients with alveolar defect were treated by mandibular 
block graft, who had at least 6 weeks of follow‑up, complete 
records and any systemic disease were included in this study. 
Patient demographic information and other clinical details 
were stated in Table  1. This retrospective study consisted 
of 29 patients (14 females and 15 males) and patients’ ages 
ranging from 15 to 63 years (mean age 32.8 years). The bone 
harvesting procedure was performed for three indications; 
reconstruction of alveolar cleft, lateral crest augmentation 
and sinus floor augmentation. All operations were performed 
under local anesthesia and in some cases sedation was used 
as well.

Ten alveolar clefts were grafted in seven patients (two female, 
five male, mean ages 18.1). Out of these seven, four had unilateral 
alveolar cleft and three bilateral alveolar clefts. Ramus grafts 
were used for the repair of all clefts. All of these patients had 
exceeded their secondary graft period and thus their canine tooth 
had appeared. Maxillary unity and closing of oronasal relation 
were aimed in these cases. After the nasal mucosal layer had 
been closed, block graft was harvested from mandibular ramus 
region. Particle bone was obtained from the same region by 
using bone scraper and it was placed into the defect. The cortical 
block was then placed on it as a cover and fixed with screw or 
plate and screw. Oral layer was primarily sutured with periosteal 
releasing [Figure 1].

Twenty patients were treated with lateral alveolar augmentation. 
Seventeen of these patients were partially and three were 
completely edentulous. The mean age of the patients was 
37.7 years. 19 block graft were obtained from ramus and 6 from 
symphysis [Table 1]. The surgical intervention for alveolar crest 
augmentation consisted of two phases. In the first phase, one or 
more bone blocks harvested from mandibular ramus or symphysis 
were fixed with titanium screws to the recipient site to achieve 
a horizontal augmentation of the ridge volume. In the second 
phase, 4–6 months later, fixation screws were removed and the 
implants were placed simultaneously [Figure 2].

In two patients, mandibular ramus block bone was applied in 
sinus augmentation procedures. The block graft was used to 
ensure the primary stability of the implants in patients with 
subantral bone height <5 mm. It was fixed by implant on the 
sinus floor. The remaining space was filled with particles of 
bovine bone [Figure 3].

Preoperative radiographic evaluations were conducted using 
plain radiographs and if necessary using dental computerized 

tomography (CT). Dental CT was used especially for patients 
who needed implants. All surgical procedures were performed 
under local anesthesia after the treatment procedures were 
explained to the patients. An incision was made from the 
vestibular sulcus of the first molar tooth to the retromolar 
pad and to the ascending ramus for the ramus block graft. 
When the impacted third molar was extracted at the same 
operation, the incision was performed from the disto‑buccal 
of the second molar and extending posteriorly lateral to the 
retromolar pad and medial to the external oblique ridge. 
An additional vertical releasing incision was made. The 
mucoperiosteal flap was elevated inferiorly and posteriorly 
to expose the mandibular ramus and external oblique ridge. 
Osteotomy line was determined with guide holes by using fine 
round bur. This line was deepened using a fissure bur. After 
that, cortical layer was taken as a block with osteotomes. The 
osteotomies were limited to the thickness of the buccal cortex. 
In the symphysis region, sulcular incision was preferred and the 
incision extended distal to the canines, and a vertical release 
incision was made anterior and above the height of mental 
foramen. A full thickness mucoperiosteal flap was reflected to 
expose the symphysis region. Superior osteotomy was made 
5 mm below the root apices and inferior osteotomy was made 
at least 5 mm over the inferior border of the mandible. After 
that, the block graft was harvested carefully without perforating 
the lingual cortex.

The resorption of bone grafts were evaluated according to the 
appearance of the screw head used for fixation when the second 
surgical intervention was performed. The healing of the donor 
and recipient sites in the postoperative period, morbidity and the 
resorption of the graft were clinically assessed.

RESULTS

The mean follow‑up period of alveolar cleft patients was 
16.1 months  (range: 6–26 months) and augmentation patients 
was 17.5 months (range: 6–28 months).

Minimal exposure of the block graft was seen in three alveolar 
cleft regions. The mean complication rate was 30%. Exposed graft 
was reduced with a round bur. The region was irrigated with saline 
solution for 2 weeks and secondary epithelization was seen with 
no symptoms of infection. Graft exposures in these patients were 
recorded in the 2nd week after surgery. As the oronasal fistula was 
closed, the previous complaints of the patients regarding food 
leakage to the nasal area disappeared.

The overall complication rate was 15% in patients who 
underwent lateral crest augmentation. Only one patient who 
had lateral alveolar crest augmentation exhibited a small graft 
exposure in 2nd  week. The soft tissue dehiscence resolved 
after the reduction of exposed graft. Donor site infection was 
observed in the same patient. Antibiotic therapy and curettage 
was performed. Two patients showed an infection of recipient 
side after 4  weeks. Antibiotic therapy was administered to 
these patients. Although the symptoms disappeared in 10 days, 
block graft were not integrated when the same regions were 
opened after 5 months for implant surgery and these graft were 
removed.
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In all the patients, amount of the resorption were considered 
approximately 1.5  mm according to screw head appearance. 
Thirty‑six endosseous implants were placed to the augmented 
sides. Primary stability of all implants was satisfactory. Only in one 
patient, implant insertion caused partial mobilization of the graft 
at the top of the crest. No additional procedure was performed 
and any complications were not seen in follow‑up. None of the 
patients had stated any paraesthesia in postoperative period. 
Extensive bleeding was not seen after the harvesting of the bone 
graft. No cosmetic problem was seen in any of the patients in 
whom symphysis or ramus bone graft was harvested.

DISCUSSION

Various techniques available for resolving insufficient alveolar 
ridge include particulate bone grafting technique, guided bone 
regeneration  (GBR), bone splitting and horizontal alveolar 
distraction osteogenesis. Autografts, allografts, xenografts or 
alloplasts can be used for particulate bone augmentation. 
Reconstruction of alveolar defect with alternative bone filling 
materials such as freeze‑dried bone, demineralized freeze‑dried 
bone or other biomaterials (hydroxyapatite, tri‑calcium phosphate) 
may be considered. The important advantage of these materials 
is their unlimited availability and lack of donor site morbidity. 
However, such bone does not have the healing capability and 
predictability of autogenous bone, and also these materials 
increase the cost.[14] GBR has been advocated by some authors 
for augmentation. However, GBR presents some risks. Early 
exposure of the membrane is one of the most significant events. 
Exposure can be caused by the suturing of the mucosa over the 
membrane, which may compromise the vascular supply of the 
flaps and prevent them from attaching to the underlying bone 

during healing, allowing muscle pull to tear the wound apart. 
Therefore the membranes and the operated area become infected 
and bone healing is compromised.[15]

Ridge splitting is an alternative to the various techniques described 
for horizontal alveolar augmentation. However, the ridge split 
technique may cause some disadvantages including unfavorable 
fractures of the segment in less flexible bone and inadequate 
segment vascularity during expansion.[16] Currently, the alveolar 
distraction osteogenesis is frequently used for augmentation of 
alveolar ridges. Distraction of the alveolar bone can be achieved 
in a vertical or a horizontal direction. Vertical alveolar distraction 
has advanced very rapidly, allowing the placement of longer 
implants. However, horizontal alveolar distraction  (allowing 
implants with greater diameter) has received less attention 
because of postoperative complications, difficulty of technique 
and discomfort of patients in postoperative period.[17]

Milinkovic and Cordaro reported mean bone gains and 
complication rates in a systematic review related with 
aforementioned methods performed to provide horizontal crest 
augmentation.[18] According to authors, when the residual crest is 
2.9 mm or wider, staged GBR can be applied and a mean bone 
gain of 3, 31 mm can be expected with 11, 9% complications 
related to membrane exposure. When the residual crest 
is <4 mm, bone block grafts can be used in the augmentation of 
horizontal defects within a two staged approach. A mean bone 
gain of 4.3 mm at the time of implant placement can be seen 
with a mean complication rate of 6.3% related to graft exposure 
in this procedure. And finally, a linear bone gain of 2, 95 mm 
can be observed with a complication rate of 0.9–26% resulting 
from fracture of the buccal bone with ridge expansion/splitting 

Figure 1: (a and b) Closure of nasal mucosal layer. (c and d) Placement and fixation of cortical block. (e and f) Postoperative images after 12 months. 
(g) Panoramic radiograph of patient in 12 months
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Currently, the usage of mandibular bone grafts has gained 
popularity.[11,19‑23] The mandible develops embryologically as 
intramembranous bone. Some studies have shown that the 
membranous bone grafts show less resorption and revascularize 
more rapidly than endochondral bone grafts.[5,6,8,24] This rapid 
revascularization of membranous bone graft explains the 
maintenance of mandibular graft volume. However, other 
researchers[9,25‑27] suggested that the volume maintenance of 
onlay bone grafts depended on whether they are cortical or 
cancellous irrespective of their embryologic origin. So, the graft 
microarchitecture more correctly reflects bone graft behavior 
and serves as a better factor of bone graft survival. Same studies 
reported that the cortical bone grafts were less resorbed than 
cancellous grafts for onlay bone grafts.[9,26,27] In addition to this, 
cortical/trabecular bone also contains mature bone cells, growth 
factors and more bone morphogenetic protein. Through these 
growth factors such as transforming growth factor or vascular 
endothelial growth factor, it stimulates the blood vessel growth 
from the host bone. Hence, mandibular donor grafts, which are 
primarily cortical bone, represent little volume loss and show 
good integration at short healing times.[9,10]

We didn’t use collagen membrane or xenograft in any 
cases which underwent lateral crest augmentation. In some 
clinical studies, xenograft and collagen barrier membranes in 

Table 1: Patients, procedures and complications
Age Sex Indication Donor site Recipient site Complications Follow‑up  (month)
15 Male UAC Ramus Alveolar cleft ‑ 6
22 Female BAC Ramus (bilateral) Alveolar cleft Graft exposed (right side) 18
20 Male BAC Ramus (bilateral) Alveolar cleft Graft exposed (left side) 26
18 Male BAC Ramus (bilateral) Alveolar cleft ‑ 14
16 Male UAC Ramus Alveolar cleft Graft exposed 16
17 Male UAC Ramus Alveolar cleft ‑ 9
15 Male LCA Ramus Anterior maxilla ‑ 8
20 Male LCA Ramus Anterior maxilla ‑ 14
41 Female LCA Ramus Posterior mandible ‑ 18
32 Female LCA Ramus Posterior mandible ‑ 6
62 Female LCA Ramus Posterior mandible ‑ 25
26 Female LCA Ramus Anterior maxilla ‑ 22
49 Male LCA Ramus (bilateral) Anterior maxilla ‑ 19
44 Female LCA Ramus Posterior mandible 15
48 Female LCA Symphysis Posterior maxilla ‑ 12
19 Male LCA Symphysis Anterior mandible ‑ 23
39 Female LCA Ramus Posterior maxilla ‑ 21
28 Female LCA Ramus Posterior mandible Donor site infection, graft exposed 24
34 Male LCA Ramus Anterior maxilla ‑ 11
50 Male LCA Symphysis Anterior maxilla ‑ 18
25 Male LCA Ramus Anterior maxilla ‑ 28
38 Female SFA Ramus Maxillary sinus 

floor
‑ 20

19 Female UAC Ramus Alveolar cleft ‑ 24
56 Female LCA Ramus (bilateral) Anterior maxilla ‑ 13
28 Female LCA Ramus Posterior mandible ‑ 25
63 Female LCA Ramus Posterior mandible Recipient site infection, graft was 

lost
12

23 Male LCA Symphysis (bilateral) Anterior maxilla ‑ 14
52 Male LCA Symphysis Anterior mandible Recipient site infection, graft was 

lost
23

38 Female SFA Ramus Maxillary sinus 
floor

‑ 16

UAC: Unilateral alveolar cleft, BAC: Bilateral alveolar cleft, LCA: Lateral crest augmentation, VCA: Vertical crest augmentation SFA: Sinus floor augmentation

Figure 2: (a) Defect of donor site and placement of symphysis block graft 
with a screw to the recipient site. (b) Well incorporation of bone graft 
and minimal resorption of around the screw is seen after 5 months. (c) 
Placement of two implants. (d) Prosthetic image

a b

c d

technique. It is clear from this systematic review that autogenous 
block bone grafts can be applied safely with a low complication 
rate and satisfactory bone gain in patients when residual crest 
thickness is <4 mm.
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combination with mandibular bone block graft were performed 
by different authors.[20,28,29] The authors deduced that adding 
graft material and a collagen membrane around and over a 
mandibular bone block graft could reduce graft resorption 
during healing. But, the use of xenogenic materials and collagen 
membranes increased the frequency of complications related 
to soft tissue dehiscence.

Different methods were used for evaluation of the rate of 
resorption like head of screw, periodontal probe, caliper, clinical 
palpation or conventional radiographs in these studies. We based 
the head of fixation screw as reference to evaluate the level of 
resorption in our cases. We found that the rate of resorption is 
approximately 1.5 mm 4–6 months postoperatively. Two patients 
showed an infection of recipient side after 4 weeks and these grafts 
were removed. We believe that loosening of fixation screws is the 
cause of infection. Therefore the block graft must be kept fixed in 
the recipient side. If necessary, two screws can be used to provide 
the rigid fixation. In addition, for the graft fixation, the surface 
of the block graft should be in full contact with the underlying 
cortex of the host bone. Therefore, the correction of sharp edges 
of block graft may be required to better adapt to the recipient site.

Bone grafting is also important for alveolar clefts to close 
oronasal fistulae, to support the teeth around the cleft, to 
erupt the impacted canine tooth or neighboring teeth, to 
satisfy orthodontic movement, to boost premaxillary segment 
in bilateral clefts, to establish continuity of the contour of the 
alveolar crest, to build up nasolabial contour and alar base.[2,3,30] 
Cortical bone grafts have some advantages physically in 
treatment of residual alveolar clefts such as supporting of alar 
base and providing immobilization of the maxilla.[31] All of the 
alveolar cleft patients were in permanent dentition period and 
tertiary alveolar bone grafting was performed. Ramus block 
graft was fixed by screws or plate and screws for bilateral clefts 
so that immobilization of premaxilla was provided in early 
postoperative period. At the same time, particulate bone grafts 
were collected by scraper and bedded under the cortical cover 
to ensure better healing. The bone bridge was observed on 
radiographic images in all patients.

Grafting of the alveolar clefts with autogenous cancellous bone is 
a traditional method for erupting of impacted tooth to cleft region 

or implant insertion.[30,32] There are few reports in the literature 
regarding the treatment of alveolar clefts with mandibular bone 
block graft. Sawaki et al.[33] reported the treatment of a bilateral 
cleft lip and palate patient using dental implant. The author used 
the particle cancellous bone marrow taken from the ilium to 
close the alveolar cleft. 14 years later, they applied mandibular 
ramus bone onlay grafting to raise the bilateral alveolar bone 
bridge because of the patient asked dental implant treatment. 
Takahashi et  al.[34] performed symphysis bone onlay graft 
combined with simultaneous implant insertion in patients with 
insufficient alveolar bone height. As we have seen mandibular 
bone grafts are applied to increase the alveolar bone bridges in 
these studies. In our patients, cancellous particulate bone was 
not preferred since there was not impacted tooth in clefts region 
and we didn’t plan dental implant treatment. We aimed to just 
stabilize the maxillary segments and to support the alar base. 
We believe that well stabilization of the maxillary segments 
also provides a strong structure for the prosthetic rehabilitation.

The reasons for the common use of mandibular bone grafts 
are the use of local anesthesia instead of general anesthesia, 
the relatively short operation time, no need for postoperative 
hospitalization, less morbidity in the donor site and lower 
cost.[11,13] Better postoperative patient comfort and low wound 
dehiscence rate are the reasons for selecting the ramus as a donor 
site.[11] In this study, generally ramus region was preferred as 
a donor site. However, we chose symphysis region in 4 cases 
for the following reasons. These are planning of additional 
surgeries  (removal of miniplate and implant placement) in 
anterior mandible and the need of large amount of bone graft 
volume.

Impacted third molars can be removed for the prophylactic or 
orthodontic indications. Ramus region is suitable as a donor 
site in the patients who have impacted third molars. With a 
modified technique, the bone covered the third molar can 
be harvested to use as a graft and after that impacted tooth 
can be removed easily at the same operation.[35] In this study, 
ten third molar teeth were extracted during the donor site 
surgeries. Osteotomy line was made with a thin bur on the 
bone around the third molar tooth then the bone was taken 
as a block. After that teeth extracted easily and this procedure 
did not affect healing.

One of the disadvantages of ramus or retromolar region grafts was 
the risk of the damage to the inferior alveolar nerve or extensive 
bleeding.[36] Misch was reported that 4 mm thickness of graft can 
be obtained from the region. When the anatomy of the region is 
well known and the osteotomy in the buccal cortex is given an 
inclination to the outside and conducted carefully, the exposal 
of the nerve or intensive bleeding are possibilities met rarely.[35] 
We think that cone beam CT can be used as highly effective for 
this purpose prior to the procedure.

Mandibular bone block grafts give satisfactory results in cases with 
the lack of teeth up to 4, and they show resistant to resorption, as 
well as have lower complication rates and shorter healing period. 
The results of this research show that the technique of mandibular 
bone block grafting is a simple and effective treatment modality 
for reconstruction of insufficient alveolar bone and also reduced 

Figure 3: (a) The view of the left maxillary sinus before the surgery on 
panoramic radiograph. (b) The block graft was fixed by implant. (c) Panoramic 
radiograph after 15 months
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the cost. Additionally it can be used in tertiary grafting of alveolar 
cleft to provide maxillary continuity.
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