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  ABSTRACT  
Mandibular ramal bone block used 

according 

 Reconstruction of alveolar defects after tooth loss is one of the biggest 

challenges in implant dentistry, to augment bone defects grafts of 

various origins have been used, the mode of graft integration depends 

primarily on its origin and composition. Among graft material used is 

the autogenous bone, which considered the gold standard for 

augmentation due its osteoinductive, osteogenic, osteoconductive with 

significant regenerative capacity over all other grafts. Intraoral sources 

of autogenous bone are considered the preferred donor site, due to 

proximity of donor and recipient sites, convenient surgical access, low 

morbidity, and elimination of a hospital stay. Severe alveolar defects 

necessitate using sufficient quantity of structurally resistant bone block 

for reconstructions, cortico-cancellous bone block grafts suitable for 

two- or three- dimensional reconstruction of these defects can be 

harvested only from mandibular symphysis and retromolar area. 

Radiographic evaluation of the outcomes of horizontal defect 

reconstruction with autogenous bone block harvested from retromolar 

area in terms of amount of horizontal bone gain and graft density four 

months postoperatively. This study included 10 patients for 

reconstruction of horizontal ridge defect using autogenous bone block 

harvested from retromolar region, the patients were treated at the oral 

and maxillofacial surgery unit of Al-Yarmouk teaching hospital and 

private clinic during the period from January 2020 to October 2021, the 

age of patients ranged from 20 to 53 years old, all patients were 

medically fit to undergo a bone grafting procedure. Cone Beam 

Computed Tomography was used for assessment of bone density and 

horizontal bone width pre-operatively and 10 days, 4 months post-

operatively. Post-operative complications were assessed and recorded 

during the follow-up period. In this study, the females’ percentage was 

higher than males (70% versus 30%). The mean of the pre-operative 

width of alveolar defect was (2.54 ± 0.42) mm, after 4 months the mean 

of bone width gain was (4.480 ± 0.823) mm. The density of the pre-

augmentation site measured with a mean of (784.8 ± 183.8) HU, then 

after 4 months of bone grafting procedure the density of grafted area also 

measured, the mean was (666.8 ± 106.4) HU. All patients developed 

swelling post-operatively and resolved gradually, 90% of patients 
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complained of pain during the first week postoperatively, while only 

(10%) suffered from sensory disturbance for 2 weeks after the operation. 

Mandibular ramal bone block used according to the split block technique 

is a predictable method for augmentation of sever horizontal defects, 

autogenous bone grafts remain the gold standard of grafting materials, 

Cone Beam Computed Tomography is recommended, as these scans 

provide precise information about the thickness of bone and position of 

inferior alveolar nerve, the use of piezo surgery unit led to precise and 

clean harvest graft with minimal wastage of bone, and the overall 

morbidity of mandibular block for ridge augmentation is minimal. 
   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

It has been shown that although bone collapse after tooth loss is usually three dimensional (3D), the 

horizontal deficiency or width loss develops to a larger extent. Alveolar width deficiency can represent loss 

of buccal (labial) cortical or medullary bone, or both. Deficiency of the buccal cortex (cortical plate) after 

tooth extraction can present significant difficulty in implant reconstruction [1] Fig. (1). 

 

 
Fig. (1): Cone beam computerized tomography scan of the horizontally deficient edentulous maxillary 

alveolar ridge. Alveolar bone width and height, as well as thickness of the buccal and palatal cortical and 

medullary bone are demonstrated [1]. 

 

Autografts are considered the ‘gold standard’ among the various available grafting materials due to their 

osteogenic properties, maintaining viable cells from the donor to the recipient site as well as osteoinductive 

characteristics since a variety of growth factors contribute to the differentiation of mesenchymal stem cells 

into osteoblasts. The fact that they share the same biological origin with the host organism makes the risk of 

an immune reaction-rejection zero, acquiring success rate >95% [2]. 

 

However, autogenous bone grafts present several disadvantages, such as a limited amount of material, 

donor site morbidity, unpredictable bone quality, and post-operative discomfort. Autogenous grafts can be 
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cortical, cancellous, or cortico-cancellous. Cancellous autogenous bone is generally preferred, as it is 

rapidly re-vascularized and integrated into the acceptor site. Cortical bone autografts are associated with a 

greater rate of apposition replacement and bone matrix resorption that can form foci of necrotic tissue. 

Autogenous bone can be obtained from intra-oral or extra-oral sites and can be used in block or particulate 

forms. Potential intra-oral donor sites frequently include the maxillary tuberosity, edentulous ridges, and 

exostoses for particulate autografts, while the chin and rami are common for block grafts, Fig. (2). 

Autogenous bone can be used alone or combined with other bone substitutes to form composite grafts. 

Potential extra-oral sites include the iliac crest (most common), rib, and tibia. However, harvesting the bone 

from extra-oral sites has several disadvantages, including the need for hospitalization, prolonged recovery 

times, and graft sequestration [3]. 

 

Bone grafts harvest from intra-oral sites are convenient for the reconstruction of alveolar defects. This 

technique is frequently used prior to or in combination with implant placement because of the relative ease 

of surgical access. 

 

The proximity of the donor and grafted sites reduces the surgical and anesthetic periods, leading to ideal 

conditions for implant surgery in outpatients. Moreover, patients report less postoperative discomfort than 

with extra-oral sites [4]. 

 

 
Fig. (2): Mandibular donor sites for a block graft [4]. 

 

The body of the mandible develops intramembranously and thus has inherent biological benefits for 

augmentation. The block graft from the ramus is dense cortical bone; it shows little volume loss and shows 

good incorporation and healing times. Though it appears that membranes may help minimize autograft 

resorption, they are not necessary with membranous bone grafts, which already show minimal volume loss 

[5]. 

 

Deficient alveolar crest width and /or facial bone atrophy require a bone augmentation procedure so that the 

implant can be positioned in a correct orofacial position. Depending on the extent and morphology of the 

bone defect, a simultaneous or staged approach is necessary. Clinical sounding and sophisticated 
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radiographic techniques such as conventional tomograms, dental computerized tomograms (CTs) or volume 

CTs can assist in diagnosing deficiencies in this dimension [6]. 

 

The following surgical procedures were considered in alveolar ridge augmentation: 

1. Guided bone regeneration (GBR). 

2. Onlay bone grafts. 

3. Inlay grafts (sinus floor elevation, nasal lift, mandibular inlay grafts, Le Fort I osteotomy with 

interpositional grafts). 

4. Bone splitting for ridge expansion. 

5. Distraction osteogenesis.  

6. Revascularized flaps [7]. 

 

Split bone block technique 

Khoury & Khoury, proposed the split bone block technique using a combination of thin autogenous cortical 

plate and bone particles. This thin cortical plate is fixed at a distance from the atrophied ridge to act as an 

autogenous rigid membrane that offers stability to the underlying particulate autogenous bone, which has a 

high surface area that promotes osteoconduction. Additionally, this layer gives the ridge its shape and 

volume, due to the stiffness of split bone blocks, an absolute stability of the created 3D space is obtained, 

which ensures the integration of the transplant and leads to less irritation during the healing phase compared 

with guided bone regeneration techniques using membranes [8]. 

 

Splitting block longitudinally and thinning with a bone scrapper not only increase the number of bone 

blocks available for augmenting, but also increase the overall graft surface and volume exponentially. This 

often makes it possible to dispense with extraoral transplant, even with extensive vertical reconstruction. In 

addition to increasing the volume of the graft, the thinning of the mandibular blocks also causes a surface 

enlargement of the graft by creating a small piece of bone (particulate bone). This, in turn causes an 

improvement of the graft’s osteoconductive potential and thus its accelerated revascularization and 

regeneration [9]. 

 

Split bone block technique outperformed cortico-cancellous block graft in obtaining a thicker crestal and 

total horizontal ridge width 2 weeks post-operatively. This might be due to the flexibility offered by the 

split-bone block technique, which allowed fixation of the plate at the desired distance from the ridge. On the 

other hand, the cortico-cancellous block exhibits a limited graft volume, due to the restricted anatomy of 

harvesting region. 

 

The split-bone block showed lesser resorption than the cortico-cancellous block graft. This might be due to 

the different healing process and microarchitecture of both grafts. Mandibular cortico-cancellous bone 

grafts possess the benefits of structural stability and osteoconductive medium from the cortical portion, and 

osteogenic potential and osteoinductive property from the cancellous portion. The osteogenic potential of 

the graft comes from the survival of the grafted cellular elements. However, newly formed bone from block 

grafts is mostly by osteoinduction and osteoconduction from the neighboring bone margins and much less 

through direct osteogenesis from surviving cellular elements. That is why onlay block grafts regenerate less 

bone and experience resorption [10]. 

 

2. Patients and methods 

This was a prospective clinical study, data was obtained in this study by reviewing the results of treatment 

of 10 patients, 3 patients were males, and 7 were females. They were treated at the Maxillofacial Surgery 
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Unit of Al-Yarmouk Teaching Hospital and private clinic during the period from January 2020 to October 

2021. 

 

Inclusion Criteria 

Patients willing to do implant with horizontal ridge width (less than 3mm width measured at 3 mm from the 

crest of the ridge assessed radiographically using CBCT). 

 

Exclusion Criteria 

• Untreated severe periodontitis with poor oral hygiene 

• Treatment with intravenous bisphosphonate 

• Pregnant or nursing woman 

•  Patients with absolute contra-indication to implant surgery as smoking habit, uncontrolled diabetes, 

previous history of radiotherapy, bone pathology or any disease that influence bone healing potential. 

 

• Clinical examination 

 Visual examination and digital palpation allowed for a preliminary estimation of the morphologic 

contours and dimensions of the residual alveolar ridge, Fig. (3). The clinical examination also provides 

information on the shape of the available bone at the donor site, such as the thickness and extent of the 

external oblique ridge (linea obliqua externa). 

 

 
Fig. (3): Clinical intraoral view showed morphologic contours and dimensions of the residual alveolar 

ridge. 

 

• Radiographic examination 

Cone beam computed tomographic (CBCT) scans were performed using CS 8100 3D device (Carestream, 

France) with tube voltage 90 kV, tube current range of 3.20 mA, exposure time of 15 seconds (high-

frequency pulse exposure, cumulative exposure time), and voxel size 15 µm with a dose-area product 

(DAP) of 1098 mGy.cm2. 

 

Axial, coronal, sagittal, and 3D images were obtained to view the residual alveolar ridge width, information 

on the donor site (thickness of the external oblique ridge) and its relationship to important neighboring 

anatomical structures (exact inferior alveolar nerve position), Fig. (4). 

 

Measurements were recorded and analyzed with Blue sky plan software (v4.8.41) (Blue sky bio, USA), on 
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1mm thickness cross-section view of dental arch in pre-surgical tomographies, the measurement of residual 

bone width was taken 3 mm from the crest, this reading considered as baseline values. Bone density also 

assessed on the same view using the density value measure tool of the software by recording three points 

randomly and a mean measure was obtained. 

 

                           

Fig. (4): Radiographic view demonstrating (A) width of the residual alveolar ridge (B) thickness of the 

external oblique ridge and its relationship to the inferior alveolar nerve. 

 

2.2.4 Surgical Technique 

Preoperative antibiotic administration, with 1g/250mg oral amoxicillin/clavulanic acid 1 hour prior to 

surgery and continuing for 7 days every 12h. In case of a penicillin allergy, clindamycin will be 

administered (1.2 g/day). 

 

Harvesting of intraoral bone for block grafting was performed under local anesthesia. An inferior alveolar 

nerve block will be avoided; instead, only local vestibular and lingual infiltration with 4% articaine and 

1:100,000 epinephrine will be performed. This is important so that minimal sensation will be retained to 

warn the surgeon when approaching the inferior alveolar nerve. 

 

The exposure and preparation of the recipient site are always performed prior to bone harvest. This allows 

the clinician to completely assess the bone defect and harvest adequate bone. It also minimizes the time 

from harvest to placement of the bone graft. 

 

Preparation of the recipient site involves incisions in attached tissue with full thickness broad base 

mucoperiosteal flap to allow maintenance of blood supply and release procedures to facilitate tension-free 

closure, Fig. (5). 

 

 

A B 
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Fig. (5): Exposure of recipient site with three-sided flap. 

 

The incision of the donor site is similar to the classical removal of impacted third molar flap, starting in the 

buccal vestibule, medial to the external oblique ridge, extending anteriorly and laterally to the retromolar 

pad and no higher than the occlusal plane to avoid severing the buccal artery or exposing the buccal fat pad. 

The incision continues anteriorly onto the buccal surfaces of the molar teeth or posterior ridge area. A full 

thickness flap is elevated to expose the lateral body of the ramus, Fig. (6). 

 

 
Fig. (6): Clinical view for donor site exposure. 

 

The volume of bone to be harvested depended on the size and extent of the external oblique ridge and the 

quantity of bone needed for grafting. 

 

The harvesting osteotomy will be performed with the piezo surgery device (SURGIC TOUCH,3rd 

generation, WOODPECKER) with working frequency 24-36 KHZ, vibration amplitude of tip is between 

20-100 µm and the minimum surgical osteotomy cut is 3.5 mm long 0.5 mm wide and osteotomy tips kit, 

Fig. (7). 
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Fig. (7): (A) Piezo surgery unit, (B) osteotomy tips kit, (C) dimensions and shapes of tips. 

 

In the harvesting protocol, the harvest of the block has similar features to a sagittal split osteotomy.  

Osteotomies are performed using bone cutting mode (level 6 power and level 5 water volume) : two 

proximo-vertical osteotomies are made(using tip US 2), and one is made apico-horizontally(using either tip 

US1L or US1R according to the side), the superior cut which is started anterior to the coronoid process, 

through the cortex, along the anterior border of the ramus medial to the external oblique ridge and may be 

extended anteriorly to the distal aspect of the first molar region (using tip US2), Fig. (8). 

 

Then using a fine chisel, to produce a tension in the cortical bone and creating a kind of “explosive effect” 

in the area, leading to easy lateral dislocation of the bone block. 

 

 
Fig. (8): Clinical view of harvesting osteotomy cuts. 

 

Following removal of the bone, any sharp edges around the ramus are smoothened with a bur or bone file, 
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Fig. (9). A hemostatic dressing (collagen, gelatin sponge, oxidized regenerated cellulose) may be placed 

into the donor area, and closure of the site was completed following fixation of the graft. 

 

 
Fig. (9): Clinical view shows donor site after block removal. 

 

Harvested block volume is calculated by multiplication of the surface area by thickness of the block, Fig. 

(10). Also, time of harvesting was recorded from initiation of osteotomy cuts till luxation of bone block. 

 

                            

Fig. (10): Clinical views show block volume measurement. 

 

The harvested block was split longitudinally into two bone blocks with the diamond disk according to the 

split bone block (SBB) technique, Fig. (11). The two blocks were scraped with a bone scrapper until a 

thickness of approximately 1 mm, receiving at the same time a good amount of bone chips. 
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Fig. (11): Longitudinally split bone blocks. 

 

This grafting technique, which uses pure autogenous bone in the form of a thin bone block in combination 

with autogenous bone chips harvested with bone scraper   without any biomaterial or membranes, Fig. (12). 

 

 
Fig. (12): Bone chips harvested with bone scraper. 

 

The thin cortical bone block is fixed lateral to the defect with screws and the gap between the bone block 

and recipient site will be filled with particulate bone harvested with bone scraper from thinning the blocks 

and the donor site and the cortical bone around it, Fig. (13). 
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Fig. (13): Clinical views intraoperatively show (A) cortical bone block is fixed lateral to the defect with 

screws, (B) the gap between the bone block and recipient site is filled with particulate bone. 

 

The next step is closure of the wound by sliding of the flap over the grafted area by buccal advancement 

flap with minimum trauma to the soft tissue, periosteal releasing incision could be done to ensure a tension 

free closure. Suturing the flap by interrupted technique with 4/0 non absorbable monofilament (nylon) 

suture. 

 

Postoperative care and follow-up 

Postoperative antibiotic administration is continued for 7 days every 12h, with 1g/250mg oral 

amoxicillin/clavulanic acid. In case of a penicillin allergy, clindamycin will be administered (1.2 g/day).  

 

In addition to antibiotics, analgesics (ibuprofen 400 mg) and chlorhexidine 0.02% mouth rinse were 

prescribed for patients after surgery. Patients were advised to consume a soft diet during the first 6 

postoperative weeks to avoid a potential postoperative mandibular fracture. Sutures were removed 10 days 

postoperatively. 

 

The follow-up of patients was carried out weekly during the post operative month. 

 

3. RESULTS 

A total of 10 adult patients were included in this study. All of them were underwent horizontal alveolar 

ridge augmentation with bone blocks harvested from external oblique ridge. 

 

The comparison between the mean width of alveolar ridge before and after augmentation revealed that there 

was a statistically significant differences in the horizontal bone width. The alveolar ridge width after 10 

days and 4 months of augmentation was significantly increased compared to that before augmentation (8.01 

mm versus 2.54 mm, and 7.02 mm versus 2.54 mm, respectively), Table (1). 

 

Table (1): Statistical analysis of bone width pre- and post- operatively. 

Bone width 
Initial bone 

width / mm 

width 10 days  

postoperatively / 

mm 

width 4 months 

postoperatively / 

mm 

Mean 2.54 8.01 7.02 
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SD 0.42 0.63 0.68 

P value < 0.0001* 

SD, standard deviation; *, Repeated measures ANOVA  

 

The mean (SD) of the bone density measured by CBCT in HU in the pre-augmentation site was 784.8 

(183.8) HU while that of the grafted area 4 months post operatively was 666.8 (106.4) HU.  

 

There was a statistically significant difference between the bone density of the pre-augmented bone and of 

the bone graft, as shown in Table (2). 

 

Table (2): Statistical analysis of bone density for pre-augmentation site and grafted bone. 

Bone density pre-augmentation site / HU Grafted bone / HU 

Mean 784.8 666.8 

SD 183.8 106.4 

P value 0.007* 

SD, standard deviation; *, paired t-test (p value <0.05 significant). 

 

4. Discussion 

Regarding radiographic bone width in this study, there was statistically significant increase in bone width 

from baseline to 4 months this is true due to the fact that autogenous bone is capable to regenerate and form 

new bone through osteoinductive, osteogenic and osteoconductive properties so it’s the gold standard of 

treatment of large bony defects, these findings agreed with [11], [12]. Also, [9] supported this result as they 

demonstrated that, mandibular bone blocks consist primarily of cortical bone and low percentage of 

cancellous bone, making them more resistant to revascularization and may have poor regeneration potential. 

splitting these thick blocks using diamond disk into two thin blocks and fixing the blocks in the defect 

leaving a gap filled with particulate bone harvested from the donor site with a bone scraper, this will 

facilitate and accelerate revascularization, resulting in a more bone graft integration and reduce resorption 

of grafted bone over time. 

 

According to the results recorded in our study, the mean (SD) of bone graft resorption was 0.99 (0.27) mm 

and the average rate of resorption was approximately 18%. Similar bone resorption rates have been reported 

in other literatures, according to [13], bones of ramal origin showed resorption rate between 5% and 28% 

[13]. Also, [14], in a prospective study including 18 ramus grafts in 15 patients, reported a resorption rate 

between 23% and 32% after a healing period of 4 months. 

 

On the other hand, a higher resorption rates were demonstrated by [15] in a pilot study that showed a 

continuous three-dimensional bone resorption of autogenous onlay grafts of 43.3%. 

 

Results in the present study showed a non-significant correlation between the amount of graft resorption 

and the block volume, this could be attributed to the technique used. This finding is in consistent with [9], 

who explained that one of the reasons of controversial volume stability of autogenous bone grafts appears to 

be the different processing of the bone block transplants, the resorption of bone block grafts attributed to the 

use of mandibular full thickness block graft, low surface area of these blocks result in a non-revitalized 

portion of the block which will be lost due to remodeling osteoclastic activity. 
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In the same line, [16] stated that placing a thick cortical bone block as an onlay graft can lead to 

sequestration of the block because of poor or missing revascularization and revitalization, for this reason the 

thick bone blocks were split into two thin blocks, in addition to increasing the volume of the graft the 

thinning of the mandibular block will increase surface area of the graft, this will improve revascularization 

and regeneration and minimize bone graft resorption. 

 

Density measurements in the current study using CBCT scan was done on native bone pre-operatively and 

grafted bone 4 months post operatively, the results showed that the grafted site had a lower density than that 

of native bone and the difference was statistically significant. 

 

This finding enforced by [17] who demonstrated that the density of the newly formed bone in the 

augmented area showed statistical significance when compared to the density of the native bone four 

months postoperatively (p=0.04). 

 

On the other hand, result in this study in contrast with [18] who stated an increase in bone density after bone 

graft procedure with autogenous bone detected in micro-CT. While, [19] reported that the density of healed 

mandibular bone grafts found to be D1 to D2 regardless of the original quality of the recipient residual 

ridge. 

 

5. Conclusions 

1. Mandibular ramal bone block used according to the split block technique is a predictable method 

for augmentation of sever horizontal defects. 

2. Using a combination of thin autogenous bone block and particulate autogenous bone enhance graft 

revascularization and regeneration, allowing a shortening of patient treatment time. 

3. The overall morbidity of mandibular block for ridge augmentation is minimal. Most complications 

are preventable and if occurred can be handled with minimal adverse effects. 
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