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Alveolar ridge augmentation using simultaneous sinus bone graft and ramal 
block bone graft on a severely atrophied posterior maxilla: a case report
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INTRODUCTION

Insufficient vertical and horizontal residual alveolar bone is 

one of the contributing factors that makes it difficult to place 

dental implants in the maxillary posterior region. After the loss 

of posterior maxillary teeth, alveolar bone resorption usually oc-

curs in bucco-palatal and vertical apical directions, resulting in 

an atrophied alveolar ridge with narrow width and reduced 

height1. In addition, pneumatization of the maxillary sinus re-

sults in downward displacement of the maxillary sinus floor2. In 

the study by Kim et al.3, implants placed in the posterior max-

illa exhibited the lowest success rate due to the large amount of 

cancellous bone and maxillary pneumatization resulting in the 

lack of proper alveolar bone height. Since an implant located 

within the alveolar bone has to resist occlusal forces, a sufficient 

quantity and quality of supporting bone around the implant are 

required for long-term success4,5. 

After the first attempt to place a dental implant with sinus 

floor elevation in the mid-1970s, several surgical methods have 

been developed to reconstruct the alveolar bone in the posterior 

maxilla to be favorable for implant placement, including maxil-

lary sinus bone grafting with sinus floor elevation, autogenous 

block bone grafting, distraction osteogenesis, guided bone re-

generation (GBR), the ridge splitting technique, and the subperi-

osteal tunnel technique6-8. In determining the surgical method 

for reconstruction of maxillary posterior alveolar bone, the resid-

ual height and width of alveolar bone and the degree of pneu-

matization of the maxillary sinus usually are considered. How-

ever, when the residual alveolar bone is severely insufficient, 

two or more methods should be performed simultaneously or 

in stages to obtain sufficient bone volume. 

Vertical ridge augmentation is one of the most difficult and 

complicated bone augmentation procedures, with a relatively 

high complication rate, even though it is often required to re-

construct severely atrophied alveolar ridges9-11. When vertical 

ridge augmentation is combined with other additional bone 

augmentation techniques, the surgical difficulty and complica-

tion rate can increase. The aim of this case report is to describe a 

patient with a severe atrophied alveolar ridge in the posterior 

maxilla who received implant treatment after simultaneous 

maxillary sinus bone grafting with sinus floor elevation and au-

togenous onlay block bone graft for vertical ridge augmentation. 

Insufficient vertical and horizontal alveolar bone is found frequently in the posterior maxilla, resulting from bone resorption and 
pneumatization of the maxillary sinus after the loss of teeth. Although maxillary sinus bone grafting alone can provide adequate 
bone height and width for implant placement, it can lead to an unfavorable dental prosthesis biomechanically and esthetically due 
to the greater crown-implant ratio. In the present case, a 59-year-old female patient received alveolar ridge augmentation using guid-
ed bone regeneration with ramal block bone graft and sinus bone graft to overcome a severely atrophied alveolar ridge. During the 
postoperative period, grafted bone was exposed partially with signs and symptoms of infection. However, it could be treated conser-
vatively with curettage of infected bone only. Three implants were placed approximately 10 months after bone grafting without any 
significant complications. This case report suggests that simultaneous sinus bone graft and ramal block bone graft can be a feasible 
treatment option to overcome severely insufficient height and width of the alveolar bone. (THE JOURNAL OF KOREAN ACADEMY OF (THE JOURNAL OF KOREAN ACADEMY OF 
OSSEOINTEGRATION 2021;13(1):16-22)OSSEOINTEGRATION 2021;13(1):16-22)
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CASE REPORT

A 59-year-old female patient with a chief complaint of mo-

bility of the fixed dental prosthesis in the posterior maxilla vis-

ited the Department of Oral and Maxillofacial Surgery at Seoul 

National University Dental Hospital. The prosthesis was sup-

ported by the left upper first premolar, implant at the left upper 

second premolar, and left upper second molar (Figure 1). In the 

clinical and radiographic examinations, the prosthesis exhibited 

mobility greater than 2 degrees, and severe alveolar bone loss 

around the supporting teeth and implant of the prosthesis was 

observed. Except for drug allergies to aceclofenac and amoxicil-

line, there were no specific underlying diseases. In the treatment 

planning stage, the patient preferred to establish a plan for den-

tal rehabilitation after extractions of the diseased teeth and im-

plant. Therefore, surgical extractions of the supporting teeth and 

removal of the implant were performed under local anesthesia. 

Treatment planning for dental rehabilitation was established 3 

months after extractions of the teeth and removal of the implant. 

In the radiographic examination with a panoramic view and 

cone-beam computed tomography, a severe alveolar bone de-

fect was observed, with the remaining alveolar bone height 

ranging from 1.5 mm to 2.5 mm in the edentulous area (Figure 2). 

Placement of three dental implants after simultaneous maxillary 

sinus floor elevation, sinus bone grafting, and ramal block bone 

grafting was planned.

Surgery for alveolar ridge augmentation and sinus bone 

grafting with maxillary sinus floor elevation was performed un-

der general anesthesia (Figure 3). A vertical incision was created 

at the area distal to the left maxillary canine. Through the verti-

cal incision, subperiosteal pocket formation was performed be-

fore the crestal incision to increase the space for the volume of 

the grafted bone. After elevation of a full mucoperiosteal flap, 

maxillary sinus floor elevation and sinus bone grafting using 1.7 

cc of allogenic bone (Sure-oss, Hansbiomed, Daejun, Korea) 

were conducted through the lateral approach. Conventional har-

vesting of mandibular ramal block bone was performed at the 

size of 20 mm (length) × 10 mm (width) × 4 mm (height). Har-

vested ramal block bone was then grafted on the alveolar bone 

vertically and stabilized using three micro-screws 1.2 mm in di-

ameter and 8 mm in length (Leforte, Jeil-medical, Seoul, Korea). 

To fill the space between the block bone and the underlying al-

veolar bone and achieve ridge augmentation with greater vol-

ume, further GBR was performed using 1.7 cc of allogenic bone 

(Sure-Oss, Hansbiomed, Daejun, Korea) and bio-gide (Geistrich 

Pharma AG, Wolhusen, Switzerland). Primary closure of the 

grafted area was carried out through releasing incisions.

At the follow-up visit 4 weeks after surgery, wound dehis-

cence with partial exposure of the grafted bone at the distal re-

gion of the recipient site was observed (Figure 4). Patients were 

recommended to rinse with chlorhexidine digluconate 0.12% 

and maintain appropriate oral hygiene. Eight weeks after bone 

grafting, the patient exhibited signs and symptoms of infection Figure 1.Figure 1. Panoramic radiograph at initial examination.

Figure 2.Figure 2. Radiographic examination before bone grafting for implant placement. (A) Panoramic radiograph after extraction of teeth (#24 and #27) 
and removal of implant (#25); (B, C) Reconstructed coronal view of cone-beam computed tomography at the posterior maxilla (#25~26 area).
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at the exposed bone and underwent the removal of screws for 

stabilization of the block bone and curettage of the infected par-

ticulated bone and inflamed soft tissue under local anesthesia. 

Postoperative medication was prescribed as follows: cefaclor 250 

mg three times per day for 7 days and ibuprofen/arginine 

200/185 mg three times per day for 7 days. Even though there 

were no signs of infection with decreased bony exposure 5 

months after grafting, trimming of non-vitalized cortical bone 

was performed due to a sustained wound dehiscence, allowing 

for the exposed site to be completely re-epithelized. After 10 

months of bone grafting, complete mucosal healing was ob-

served without any significant complications, and the placement 

of three dental implants (Luna, Shinhung, Seoul, Korea) on #24 

(4.5 × 11.5 mm), #25 (4.5 × 10.0 mm), and #26 (4.5 × 10.0 

mm) (Diameter × Length) was performed under local anesthe-

sia (Figure 5). There were no specific unusual complications un-

til 3 months after implant placement.

Figure 3.Figure 3. Intraoperative clinical photographs. (A) Initial intraoral photograph; (B) Subperiosteal tissue expansion; (C) Sinus floor elevation using 
the lateral approach and bone grafting; (D) Harvesting of the block bone from the mandibular ramus; (E) Stabilization of the ramal block bone; (F) 
Guided bone regeneration.
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DISCUSSION

Sufficient height and width of the residual alveolar ridge are 

essential to achieve optimal placement and stability of dental 

implants11. To increase the available alveolar bone in atrophic 

posterior maxilla, sinus bone grafting techniques and alveolar 

ridge augmentations are used frequently. Sinus bone grafting 

after maxillary sinus floor elevation through a lateral or crestal 

approach is a well-established and predictable surgical proce-

dure with clinically successful outcomes. However, for patients 

with insufficient vertical height of the maxillary alveolar ridge, 

increase of available bone height using only sinus bone grafting 

can lead to unfavorable prosthetic results biomechanically and 

esthetically with improper crown-implant ratios9. In contrast, 

vertical ridge augmentation can provide a favorable crown-im-

plant ratio with increased height of the alveolar ridge and en-

ables the esthetic placement of prostheses. However, when in-

sufficient residual alveolar bone height is mainly due to a se-

verely pneumatized maxillary sinus, it is difficult to achieve suf-

ficient residual alveolar bone required for optimal implant 

Figure 4.Figure 4. Management of the exposed graft bone. (A) Exposure of the grafted bone 4 weeks after bone grafting; (B) Curettage of the infected 
particulated bone and inflamed soft tissue 8 weeks after bone grafting.

Figure 5.Figure 5. Panoramic radiographs after bone grafting. (A) Immediately after bone grafting; (B) After removal of the stabilization screws and curettage 
of the infected bone; (C) After implant installation.
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placement only with vertical ridge augmentation, and maxillary 

sinus bone grafting is necessary.

For alveolar ridge augmentation, the GBR technique using 

particulate bone substitutes and barrier membranes has been 

successfully performed for several decades, especially for widen-

ing the width of the alveolar bone12. Though the GBR technique 

using particulate bone substitutes is considered suitable when 

the defect is small, it can be challenging when the defect is large 

or for vertical bone augmentation because the particulate bone 

substitutes do not provide three-dimensional stability13,14. In ad-

dition, the use of a reinforced non-resorbable membrane or tita-

nium mesh can increase the potential success of GBR for large 

defects or vertical augmentations, however, the use of these bar-

riers has been reported to increase the required bone healing 

time and risk of dehiscence8,15. 

Block bone grafting has been used as another bone grafting 

method for large alveolar bone defects. Although various block 

bones, such as autogenous block bones, allogenic block bones, 

or xenogenous bone blocks, have been used, several investiga-

tors have proposed autogenous bone blocks as the gold stan-

dard for bone grafting due to its osteogenetic, osteoinductive, 

and osteoconductive properties16-18. Autogenous block bones can 

be harvested from iliac bone, ribs, the skull, clavicles, or the 

mandible. Among them, mandibular ramal bone is one of the 

most commonly used donor sites in alveolar ridge augmenta-

tions for implant placement due to its decreased morbidity and 

invasiveness19. Though several possible complications, such as 

inferior alveolar nerve injury and dental root injury, can occur, 

the surgical procedure for harvesting ramal bone is relatively 

easy compared to that for other donor sites with lower compli-

cations rates. In addition, this harvesting does not affect the fa-

cial morphology. With respect to postoperative bone resorption, 

it has been reported that membranous bone such as the mandi-

ble exhibits lower resorption compared to endochondral bone 

such as the iliac bone20,21.

In this case report, the patient with a severely atrophied pos-

terior maxilla successfully received the placement of multiple 

dental implants after simultaneous sinus bone grafting through 

the lateral approach and vertical alveolar ridge augmentation 

using a mandibular ramal block bone graft. Several investigators 

reported that simultaneous sinus bone grafting and vertical al-

veolar ridge augmentation exhibits several difficulties in the sur-

gical procedures, which could be one of the factors that causes 

failure of the implant and graft9,10. Block bone in large volumes 

can make primary closure difficult, and the failure of tension-

free primary closure through releasing incisions creates postop-

erative wound dehiscence, which can lead to graft failure. In 

addition, since the bone graft material is placed on either side of 

thin alveolar bone, delayed healing or partial necrosis of the 

grafted bone can occur due to poor blood supply. In this case 

report, wound dehiscence was observed at the distal region of 

the recipient site 4 weeks postoperatively, and the patient exhib-

ited signs of infection 8 weeks after grafting.

Exposure of the grafted bone is one of the most common 

complications after bone grafting, and it can result in complete 

loss of the graft. In a recent systematic review by Sanchez-Lab-

rador et al.22, the calculated overall dehiscence rate was 12.8% 

for the xenogenic block bone graft group and 9.8% for the au-

togenous block bone graft group. However, exposure of the 

bone can be successfully treated by several conservative meth-

ods, including the application of chlorhexidine solution or re-

moval of the necrotic part of the grafted bone23. Removal of the 

exposed region in the grafted bone can be repeated multiple 

times based on the extent of the exposed bone24. Penarrocha-Di-

ago et al. reported that, although eight grafts exhibited dehis-

cence postoperatively, five showed re-epithelialization after ap-

plication of chlorhexidine mouth rinse. In the study by Sanchez-

Labrador et al.22, the failure rate of block bone grafts was 6.1% 

for autogenous bone and 6.8% for xenogenic bone which was 

lower than the overall dehiscence rate. 

For determination of successful management of exposed 

bone, the amount of time of bone exposure has been regarded 

as the most important factor for treatment24. Barone and Covani7 

reported 4 exposures of 129 grafted bone sites for maxillary 

ridge augmentation, which consisted of 3 early exposures and 1 

late exposure. In their study, all the early exposed block bone 

was removed completely, whereas the grafted bone with late 

exposure was successfully treated with fixation screw removal. 

In the study by Proussaefs et al.25, 2 patients with bone expo-

sure at 3 months after grafting did not exhibit any clinical or 

histological necrotic changes, while 1 patient with bone expo-

sure at 2 weeks after grafting showed necrosis of the grafted 

bone. In the present report, wound dehiscence was found 4 

weeks after grafting, and the patient exhibited signs and symp-

toms of infection 8 weeks after grafting. Although exposure of 

the grafted bone occurred at a relatively early stage, it could be 
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treated with minimal surgical intervention and conservative 

treatment including oral hygiene management and antibacterial 

mouth rinses. This might be because the infection was limited 

to particulate bone grafting posterior to the block bone. In addi-

tion, given that revascularization begins in the first week after 

bone grafting and lasts until 6-8 weeks26, the grafted block bone 

might have already revascularized or was in the process of re-

vascularization.

CONCLUSION

This case report suggests that simultaneous sinus bone graft-

ing and ramal block bone grafting can be a feasible treatment 

option to overcome severely insufficient height and width of al-

veolar bone. Although exposure of the grafted bone can occur 

postoperatively, it can be treated conservatively with curettage 

of infected bone only when the exposed site is limited and the 

infection is well-controlled.
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