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OPEN ACCESS

If  the volume of  the horizontal alveolar bone is insufficient during the implant procedure, it is 
difficult to establish a fixture of  the required diameter without surgical procedures such as block 
bone graf t, lateral bone graf t, and ridge split. Among them, alveolar ridge split is known as an 
effective technique to increase the volume of  the horizontal alveolar bone using maxillary bone 
elasticity. The theoretical background of  this technique is to provide a basis for maintaining the 
implant with the expectation that new bone will form when the implant and bone graft material 
are operated, forming a space surrounded by the bone and periosteum. In two cases reported herein, 
there was no postoperative inflammatory reaction and normal healing was observed. Since then, the 
follow-up radiograph has shown good outcomes, and ongoing progress is being observed. Alveolar 
ridge split and bone graft are effective techniques for horizontal alveolar augmentation. In these 
cases, it was actually possible to form a stable alveolar ridge for implant placement through a 
successful procedure in the maxillary edentulous region.
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Ⅰ. Introduction

If a tooth is extracted, the maxillary anterior alveolar bone does not receive physio-

logical stimulus and is subsequently absorbed and atrophied rapidly. In particular, the thin 

buccal cortical bone is absorbed, and as a result, the maxillary anterior alveolar bone is 

atrophied and thinned to the extent that implant placement is difficult. The causes of 

absorption include disuse atrophy, denture pressure and aging. However, types of 

absorption vary depending on the thickness of the cortical bone, muscle attachment and 

the direction of bite force for each part of maxilla and mandible, and in general, if eventually 

the alveolar crest is tapered and the absorption of the alveolar bone continues, the alveolar 

crest is gradually lowered, and the occlusal vertical dimension is reduced, leading to 
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mandibular prognathic malocclusion. 

Particularly, since the absorption of the buccal cortical bone is more severe than the palate in the 

maxilla, the arch becomes narrower and appears receding. In contrast, in the mandible, as the buccal 

compact bone is thick and resists absorption, and the occlusal vertical dimension decreases, the mandible 

rotates and is placed in front of the maxillary bone.

Methods for lateral bone augmentation of such an atrophic maxillary alveolar bone include guided 

bone regeneration, block bone graft and alveolar ridge split technique. Alveolar ridge split technique 

was first introduced by Simion1 in 1992, in which split-crest technique and guided tissue regeneration 

were used in the receding maxillary bone. Since then, the procedure has been widely known and is 

mostly used for the purpose of buccolingual alveolar bone augmentation and aesthetic restoration in the 

maxillary anterior teeth. 

Alveolar ridge split uses the elasticity of the alveolar bone to move the cortical bone in the buccal 

direction, recovering the atrophic buccal bone, which enables the implant placement and aesthetic bone 

formation of maxillary anterior teeth.2 In addition, since the implant is placed between the buccal and 

cortical bones and bone graft is carried out, blood supply between two bone plates is sufficient, and since 

healing is made as if after the tooth extraction, the new bone of good quality is generated. As a result, the 

osseointegration of the implant is facilitated.3 Another advantage of alveolar ridge split is that a single 

surgery can increase the width of the alveolar bone and simultaneously place the implant, which reduces 

the overall surgery time. Furthermore, the generated bone in this surgery has low absorption rates, 

leading to high long-term success rates of implant.  Thus, as we had used alveolar ridge split to increase 

the width of the alveolar bone and simultaneously to place the implant on the absorbed and atrophic 

maxillary alveolar bone, and obtained good outcomes, herein we report the cases.

Ⅱ. Case Report

1. Case 1

A 71-year old male patient visited the clinic for the purpose of implants in both maxilla and mandible. 

In the Department of Prosthesis, a plan for extraction of 4 residual maxillary teeth and placement of 4 

implants followed by implant-retaining denture was established (Fig. 1A). Residual teeth including 

both maxillary central incisors and maxillary right lateral incisor were extracted, and implant placement 

surgery accompanied by alveolar ridge split and guided bone regeneration was planned (Fig. 1B).

After a month from the tooth extraction, the maxillary anterior region was healed well, and a local 
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anesthesia (2% lidocaine with 1:100,000 epinephrine, Yuhan, Korea) was performed (Fig. 2A). Single 

vertical incision was performed on each of the center of the Maxilla and the left and right posterior 

regions to form a flap, and after horizontal incision connected to the vertical incisions, the flap was 

elevated (Fig. 2B). After the elevation of the flap, extraction sockets were observed in the anterior regions 

of the maxilla. For bone graft and implant placement, after vertical and lateral osteotome was performed 

on the buccal bone plate of the receding maxillary alveolar bone using a chisel for alveolar ridge splitting 

(Gene chiselⓇ, Stoma, German), and the maxillary buccal bone plate was expanded in the buccal 

direction by 4 - 5 mm (Fig. 2C). Because the bevel of the chisel used is gently sloped, the bone does not 

expand rapidly, so the gap can be widened to prevent the fracture. 

The region between the maxillary buccal and palatine bone plates was expanded carefully not to break 

the expanded buccal bone plate, and subsequently, implant drilling was performed, followed by 

placement of the implant (ImplantiumⓇ, Dentium, Korea) (Fig. 2D).

Fig. 1. Pre-operative panoramic view. (A) First visit, (B) Maxillary residual teeth were extracted.

A B

Fig. 2. Intraoral views of alveolar ridge split technique with guided bone regeneration. (A) Pre-operative 
clinical gingiva, (B) Full thickness flap was elevated, (C) Alveolar bones were split and spread apart with 
a chisel, (D) Implants were inserted, (E) Defects were augmented with granules of allograft, (F) The flap 
was sutured without tension.
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After the placement of the implant, bone graft was performed on the space between the maxillary 

buccal and palatine bone plates and the defects using allogenic bone (PurosⓇ, Zimmer Biomet, USA), 

and guided bone regeneration performed in parallel using an absorbable membrane (LyoplantⓇ, B.Braun, 

Germany) (Fig. 2E). The periosteal releasing incision was performed on the buccal flap, and sutured 

without tension by the single interrupted suture and horizontal mattress suture (Fig. 2F).

After surgery, panorama radiograph was taken, which showed bone graft and implant placement 

through alveolar ridge split had been performed well (Fig. 3).

After 7 months from the surgery, the surgical site had been healed well without the implant exposure, 

and a local anesthesia was performed for the second surgery (Fig. 4A). Single vertical incision was 

Fig. 3. Panoramic view after alveolar ridge split & implant placement.

Fig. 4. Intraoral views of implant second surgical procedure. (A) Gingival condition before second 
surgery, (B) Full thickness flap was elevated, (C) The alveolar bone was ground with a diamond round 
bur, (D) The cover screws were exposed, (E) Healing abutments were placed on the implant, (F) The 
flap was sutured.
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performed on each of the center of the maxilla and the left and right posterior regions just as in the first 

surgery, and after the horizontal incision performed on the alveolar crest, the full-thickness flap was 

elevated (Fig. 4B). As new bone of good quality had been generated on the surgical sites of alveolar 

ridge split and bone graft, and implant placement sites were also covered with bone, the bone was 

removed with a diamond round bur (Fig. 4C) to expose the cover screws (Fig. 4D). After exposure of the 

cover screws, healing abutments were assembled onto them (Fig. 4E), and the flap was sutured with the 

single interrupted suture (Fig. 4F). After treatment of soft tissue, the implant retaining denture was 

fabricated through the production of a bar structure (Fig. 5).

2. Case 2

A 39-year old female patient visited the clinic with the complain of a loose prosthesis, and upon 

examination, the secondary caries was discovered around the abutment of the maxillary prosthesis. 

Thus, the extraction of the decayed teeth and the implant placement along with alveolar ridge split were 

planned (Fig. 6A).

After removal of the prosthesis, canines on both sides of the maxilla, which only had their root due to 

caries, were extracted (Fig. 6B), and after 3 weeks from the tooth extraction, a local anesthesia (2% 

lidocaine with 1:100,000 epinephrine, Yuhan, Korea) was performed for bone graft and implant 

placement (Fig. 7A). Vertical incision and horizontal incision were performed to elevate a flap (FIg. 7B), 

and after vertical and horizontal osteotome had been performed using a chisel (Gene chiselⓇ, Stoma, 

German), the buccal cortical bone plate was expanded in the buccal direction by 4 mm to perform bone 

graft through alveolar ridge split (Fig. 7C). After the bone plate had been expanded in the buccal direction 

Fig. 5. Panoramic view after final restoration setting.
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through alveolar ridge split, drilling was performed beneath the expanded region, and the implant 

(XiveⓇ, Dentsply, USA) was placed there (Fig. 7D). Following implant placement, the expanded bone 

region and defects underwent bone graft using a mixture of allogenic bone (ICBⓇ, Rocky Mountain 

Tissue Bank, USA) and bone substitute (OsteonⓇ, Genoss, Korea), and were covered with an absorbable 

membrane (Bio-armⓇ, ACE surgical supply Co., USA) (Fig. 7E). After bone graft, the periodontal flap 

was sutured without tension by the single interrupted suture and horizontal mattress suture using the 

periosteal releasing incision (Fig. 7F). On post-surgery panorama radiograph, it could be seen that bone 

graft and implant placement through alveolar ridge split had been performed well (Fig. 8). 

After 6 months from the surgery, it was observed that surgical sites were healed well, and a local 

anesthesia was performed for the second surgery (Fig. 9A). A flap for the second surgery was designed 

in the form of Z-plasty for the aesthetics of the maxillary anterior teeth (Fig. 9B). The flap was shaped 

Fig. 6. Pre-operative panoramic view. (A) First visit, (B) Maxillary teeth with poor prognosis were 
extracted.

A B

Fig. 7. Intraoral views of alveolar ridge split technique with guided bone regeneration. (A) Pre-operative 
clinical gingiva, (B) Full thickness flap was elevated, (C) Alveolar bones were split and spread apart 
with a chisel, (D) Implants were inserted, (E) Defects were augmented with granules of a mixture of 
allograft and alloplast, (F) The flap was sutured without tension.
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to fit the placement site and elevated (Fig. 9C), and after healing abutments had been connected (Fig. 

9D), it was sutured with the single interrupted suture (Fig. 9E). After treatment of soft tissue, the final 

fixed-type prostheses for the maxillary anterior implant was fabricated (Fig. 9F). The panorama 

radiograph taken following the installation of the final prostheses showed that the state of bone graft and 

implant placement were observed to be excellent (Fig. 10), and the panorama radiograph taken after 13 

years from the installation of the prostheses also showed that the sites of bone graft and the implant 

prostheses were maintained satisfactorily (Fig. 11).

Fig. 8. Panoramic view after alveolar ridge split & implant placement.

Fig. 9. Intraoral views of implant second surgical procedure and final restoration. (A) Gingival condition 
before second surgery, (B) Flap design with Z-plasty, (C) Full thickness flap was elevated and cover 
screws were exposed, (D) Healing abutments were placed on the implant, (E) The flap was sutured, (F) 
Final prosthesis inserted state.
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Ⅲ. Discussion

Alveolar ridge split technique can be used in bone augmentation for implant placement in the maxillary 

alveolar bone that is sufficiently high but has a thin buccolingual section.

In 2000, Sethi et al.4 investigated 150 patients with 449 implant placements by alveolar ridge split for 

27 months and reported a 97% success rate while in 2005, Ferringo et al.5 reported a 97.6% success rate 

from 82 implant placements in 40 partial edentulous patients using the same technique.

Alveolar ridge split has the advantages that new bone is generated more rapidly and absorption occurs 

less often than other bone augmentation procedures, and overall treatment time can be reduced since 

implant placement and bone graft are performed simultaneously by creating a space surrounded by both 

bone plates for bone augmentation. 

Fig. 10. Panoramic view after final restoration setting.

Fig. 11. Panoramic view after 13 years from final restoration.
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Simion et al.1 performed alveolar ridge split on the alveolar bone with sufficient height but narrow 

width, along with subsequently guided tissue regeneration using a non-absorbable membrane (e-PTFE), 

and reported that the alveolar bone width could be increased by 3 - 4 mm in the maxillary anterior 

region and 1 - 1.5 mm in the mandible. 

In these two cases, similar to the Simion's method, alveolar ridge split and guided bone regeneration 

were performed along with bone graft on the vacant space of the expanded bone plates and the buccal 

bone defects. The membrane used for this procedure was not a non-absorbable membrane (e-PTFE) 

used by Simion, but an absorbable membrane that was easy to handle and less exposed.

Scipioni et al.6 suggested that the thickness of the buccal bone plate be at least 1.5 mm after split of the 

alveolar ridge, and Qahash et al.7 reported that the buccal bone with at leat 2 mm thickness was required 

when implants were placed in the extraction socket. In the two cases of this study, since the atrophic 

maxillary alveolar ridge was split and expanded, it was difficult to form the thick bone plates, and the 

thickness of 1.5 mm was the thickest that could be maintained. If the maxillary alveolar ridge is thick 

enough, it may be considered that the implant is placed first, and subsequently guided bone regeneration 

is performed on the less thick buccal region rather than performing alveolar ridge split technique.

Coatoam et al.8 reported that only the bone was grafted in the space between bone plates without 

placing the implant when fixation was not made correctly or the placement direction was wrong implant 

placement, and if in doubt about the stability of the bone plate even when the implant was fixed well and 

the placement direction was right, the bone plates was ligated and fixed with a wire. Shimoyama et al.9 

suggested that it was better to place a tapered implant and perform bone augmentation simultaneously 

when an implant was placed using alveolar ridge split in the severely atrophic maxilla.

In the two cases of this study, as in Shimoyama et al.,9 the tapered implant was also used to achieve 

good fixation. Since atrophic alveolar ridge was split and expanded, it was difficult to obtain fixation of 

the implant in the expanded bone plate. For implant fixation, drilling was performed into the basal bone, 

passing through the split bone plate such that a 2 - 3 mm of the tip of the implant could be placed. In 

both cases, implant placement and alveolar ridge split were performed simultaneously to shorten the 

overall treatment time for the completion of the implant prosthesis.

It is considered that using a gradually expanding chisel is advantageous to prevent the bone plate from 

being fractured when alveolar ridge split is attempted. If the bone plate is fractured, it may be considered 

that only the bone is grafted without implant placement after fixing the bone plate using a wire or small 

steel plate as done by Coatoam et al.,8 and the implant is placed 4 to 5 months later. 

It is considered that good outcomes can be obtained by performing high-quality new bone 
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augmentation and implant placement simultaneously along with alveolar ridge split technique through 

the development of techniques suitable for various forms of the atrophic alveolar bone and of devices 

that prevents fracture of the bone plate due to rapid expansion.

Ⅳ. Conclusion

In these clinical cases, rapid bone regeneration and high-quality bone augmentation were achieved 

using alveolar ridge split technique and guided bone regeneration on the atrophic maxillary alveolar 

bone, where implant placement is difficult due to the narrow buccolingual section, and implants were 

placed simultaneously, leading to the shortened treatment time and eventually completing a successful 

implant placement procedure.
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