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Introduction

Deficient bone thickness is common for edentulous patients, especially when alveolar fracturing occurs during dental ex-traction. As 
the bone loss results from trauma, vertical root fracture, or from massive endodontic/ periodontal diseases, the deficiencies are even more 
severe. This might result in insufficient vertical and horizontal support to place dental implants and may impair, or even compromise, the 
options for prosthetic rehabilitation. In such cases, bone volume augmentation has to be considered an effective method for treatment [1].

Various techniques have been used successfully for the reconstruction of alveolar ridge bone volume include the use of onlay grafts 
harvested from extraoral source as the iliac crest, or intraoral sources as maxillary tuberosity, mandibular symphysis, or external oblique 
ridge. However, these procedures demand a second surgical donor site, which results in additional postoperative morbidity. Also, the 
recepiant site often needs a healing period of [2-3] months before implant placement, and the risk of non-osseous integration of autoge-
nous bone blocks is high [4]. 

Insufficient bone thickness of an atrophic maxilla is a common problem for dental implants placement. Narrow edentulous al-
veolar ridge of 3 mm or less requires horizontal augmentation. Several surgical techniques have been mentioned in the literature: 
Guided bone regeneration, onlay block bone grafting, ridge split technique or ridge expansion and distraction osteogenesis This 
study demonstrates the outcome of the modified lateral ridge expansion technique, comparing one stage versus two stage technique 
in narrow, horizontally defected maxillary ridge. 

Guided bone regeneration (GBR) and osteogenic distraction are also considered to improve the bone volume and enable prosthetic 
rehabilitation. These two techniques also present potential disadvantages, such as tissue dehiscence, displacement or collapse of the 
membrane, inappropriate dis-traction vector, unpredictable bone resorption, and a delay prior to installation of the implants [5]. 

An edentulous ridge expansion or split-crest technique (SCT) for implant placement was originally described by Simion., et al. [6] 
and later by Scipioni., et al [7]. A few literatures report different modifications of the ridge-split procedure with or without interposition 
bone grafting in the edentulous maxilla [2-8] and edentulous mandible [9-10]. The surgical procedure splits the cortical bone crests into 
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A 27 years old male patient presented with bilateral edentulous areas at maxillary lateral incisors. He required implant supported fixed 
restoration to replace those missing teeth. A comprehensive oral examination was done to assess skeletal and dental maxilla-mandibular 
relationship, obtain proper radiographs, cone-beam computerized tomography (CBCT) is the ideal way to evaluate the 3D anatomy of the 
alveolar ridge and prepare diagnostic models (Figure 1a and 1b).

Several modifications of the SCT have been reported. Among these is the use of rotary and oscillatory instruments and, more recently, 
surgical ultrasound (US) such as piezosurgery. The latter allows precise, clean, and smooth cutting of the bone tissue, with excellent vis-
ibility. It is also believed that the use of piezosurgery could minimize the risk of complete fracture of the crests, which ultimately results in 
bone necrosis and implant failure [12]. Complete fracturing of the cortical crest is more likely along the edges where the remaining bone 
is highly mineralized. The SCT is recommended in cases where the vertical dimension of the alveolar ridge is acceptable, but its horizontal 
one is insufficient. Conversely, SCT should be contraindicated in those with atrophic ridges that lack elasticity due to a reduced volume of 
medullary bone tissue [13,14].

Case Description

two half’s, moving them away from each other to create a space in the centre, which is then mainly occupied by simultaneously inserted 
implants. The remaining areas can be filled with biomaterials, autogenous grafts, or autologous biological therapies such as plasma rich 
in growth factors or platelets rich fibrin [11]. The main advantages of the split crest technique (SCT) is the simple, quick, and predictable 
way in which the alveolar atrophic ridge can be expanded. This facilitates the use of bone grafts without the need for a second surgical site, 
thereby minimizing the risk of edema, nerve injury, and pain [2]. 

The SCT is based on an understanding of certain surgical principles. The following 3 characteristics should be evaluated when con-
sidering SCT [2]. The first one is bone density. The maxillary alveolar ridge is less dense than the mandibular alveolar ridge and more 
favourable to a single-stage SCT, whereas the mandibular alveolar ridge managed with a two-stage SCT. The second one is blood supply 
to the alveolar process and the role of periosteal vascularization. During an SCT, periosteum plays a critical role in vascularization of the 
buccal cortex and in graft osteogenesis. Gray., et al. [15] proved that at least one-third of early graft osteogenesis could be attributed to 
the periosteum alone. Meticulous tissue manipulation preserving the periosteum and its role in peripheral vascularization is extremely 
important in SCT [4].

The third characteristic relates to the treatment of the wound as a result of the SCT and appreciation of the wound healing by sec-
ondary intention. Primary closure is not applicable in most SCT cases. The widened alveolar ridge has to maintain its proper soft-tissue 
architecture (vestibule and keratinized tissue), and the labial soft tissue has to be undisturbed. After SCT, the alveolar ridges are treated 
openly and will heal by secondary intention analogous to the grafted extraction socket. A resorbable or non-resorbable membrane is used 
to retain graft material, isolate the wound from the oral environment, and guide the soft tissue’s healing over the graft [2].

The purpose of this paper is to present the ridge splitting procedure and the modified technique from those described in the literature. 
An interesting clinical case with bilateral narrow alveolar ridges treated with the ridge splitting technique is presented. In one side, ridge 
splitting was accomplished manually with the use of osteotomes and chisels. The other side was treated with a modified splitting tech-
nique using rotating instruments and horizontal bone spreaders.
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Concerning the right side, SCT was done using peizo-surgery (Figure 2-c) followed by expansion using Microdent expanders till reach-
ing the required sufficient ridge thickness (Figure 2-d). Implant placement was carried out with caution, but upon insertion, labial bone 
fracture happened upon the adjacent canine (Figure 3-a). This situation was managed by augmenting the fractured bone and the sub-
crestal deficient ridge opposite the placed implant using sticky bone “orthorsera bone albumin allograft” was used and Medifuge silfra-
dent system@ (Figure 3-b and c). And by that the right side was managed by one stage SCT.

The CBCT showed narrow ridge (2.7mm for the left side and 3.04mm at the right side) (Figure 1c and d). A 3-mm alveolar ridge gener-
ally consists of 3 thin bone layers (in a horizontal sandwich fashion): 2 cortical plates (about 1 mm each) separated by 1 cancellous layer 
(about 1 mm). In the hands of a skilled surgeon, 2.5 mm and even 2 mm ridges can be splinted. The wider the cancellous bone layer (the 
layer where the split is done), the easier it will be to accomplish the SCT. Upon those data we decided to manage the case with SCT, expan-
sion and implant placement. A full thickness conventional pedicle flap was elevated extended from the mesial side of maxillary left canine 
to the distal surface of maxillary right canine (Figure 2-a and b).

Figure 1
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Figure 3

Figure 2
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For the left side, SCT was carried out using peizo-surgery followed by ridge expansion using Micro dent expanders till reaching ad-
equate reasonable ridge thickness (Figure 4-a). Unfortunately, after completing the SCT and expansion, there was sever undercut in the 
bone sub-crestal and sever inclination that will compromise the implant placement (Figure 4-b). Upon that we decided to postpone the 
implant insertion and augment the deficient ridge by de-cortication and sticky bone use (Figure 4-c). Using those steps, the left side was 
managed by two stages SCT.

Figure 4

After three month, clinical and radiographic evaluation “using CBCT” was carried out, which revealed excellent soft tissue healing 
(Figure 5-a and b) and radiographic evidence of bone fill were recorded above the augmented area bilaterally. For the right side, the ridge 
thickness reached 5.68 mm crestal, while the left side recoded 4.52 mm crestal and 5.87 mm sub-crestal (Figure 5-c and d). 

Flap closure was done using interrupted suturing “4/0 vicryl” (Figure 4-d). For postoperative management, medications were pre-
scribed, including chlorhexidine rinses three times a day, 1g amoxicillin (2 times daily for 6 days, ibuprofen (400 mg) 4 times daily unless 
medically contraindicated, and pain medication as needed for pain. Patients were not allowed to use any removable prosthesis.

Concerning the left side, re-entry was done (Figure 6-a) and bone expansion of the regenerated bone was carried out (Figure 6-b). Im-
plant placement was done, with slight crestal bone dehiscence (Figure 6-c), which was managed by sticky bone “orthrosera bone albumin 
allograft” (Figure 6-d). 
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Figure 5

Figure 6
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Discussion

Rehabilitation of partial or total edentulous area with dental implants has been considered as a predictable treatment option with high 
success rates. However, insufficient width of the alveolar ridge due to atrophy, periodontal disease or trauma may compromise implant 
placement. In these cases, guided bone regeneration, bone grafting, alveolar ridge splitting, and combinations of these techniques have 
been suggested for lateral augmentation of the alveolar ridge prior to implant insertion [16].

Compared with guided bone regeneration or block grafting, the ridge splitting technique enables implant placement, eliminates the 
need for bone harvesting and reduces a risk of graft or membrane exposure. Therefore, the overall treatment time is shortened, and mor-
bidity is reduced [17-19]. On the other hand, this technique can be used for horizontal deficiencies, but not for vertical augmentation. Fur-
thermore, the ridge splitting technique requires a minimum of 3mm of bucco-palatal width with at least 1 mm of cancellous bone between 
the 2 cortical plates, which would allow introduction of instruments and the maintenance of good blood supply to the split parts [20,21].

The alveolar SCT might increase bone width and the possibility of implant placement. However, it is so hard to predict the total thick-
ness of bone gain after using this technique in horizontally resorbed ridges, as any thickening of the alveolar ridge has been considered 
successful. The SCT was effective regardless of the surgical instruments used. Furthermore, an average gain of 3.8 mm in thickness of the 
alveolar ridge can be expected [22]. 

Interestingly, the greatest increase in the alveolar ridge thickness was gained with splitting of maxillae. Several studies confirmed 
these results which conclude that the division of the maxillary bone crest is obtained with relative ease due to bone characteristics (types 
III and IV) and due to the higher vascularization of the maxilla [2,4,13-23].

Many studies with implant installation during the SCT, this one-stage surgery is almost always possible, were conducted, since primary 
stability is achieved mainly from the apical bone division. Additional benefits of implant placement include a shortened time between the 
first surgery and prosthetic treatment. Furthermore, immediate implant insertion requires lower amounts of biomaterials, reduces costs, 
and also prevents the collapse of the expanded cortical walls. Finally, it also results in less discomfort for the patient, who will undergo 
only one surgical procedure [5].

Scarano., et al. recommended the two-stage technique with conventional loading of the implants, since this might prevent unplanned 
fracturing of the vestibular wall, reducing complications and obstacles to treatment [24]. In contrast, Shibuya., et al. stated that even if a 
malfeature occurs, a sufficient volume of alveolar bone can be obtained using a free bone segment without rigid fixation. The authors also 
mentioned that dental implants placed within the malfeature area show a good prognosis [25]. Demetriades., et al. found no differences 
between osseointegration applied in one or two stages [26]. 

Different surgical instruments have been used successfully for the creation of space between cortical crests. With respect to this cri-
terion, the highest average gain in thickness of the alveolar ridge was 5.6 mm, using a piezoelectric surgery device (US instrument) [23].

When hand instruments are used, they are pressed against the bone with precise and gentle hammer blows. The use of conventional 
surgical instruments is more time-consuming than the use of piezo-surgery instruments and requires greater technical skill. By compari-
son, rotational instruments are faster, but the soft tissues such as the tongue, cheek, and lips may be injured. In addition, these instruments 
are difficult to handle when adjacent teeth are present, due to the angle required [27,28]. 
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Conclusion

Bibliography

In comparison to rotary instruments, US devices show practical clinical benefits such as (1) reduced noise and vibration (2) reduced 
psychological stress, (3) no risk of soft tissue injury, and (4) ease of horizontal and vertical bone incisions without damage to the adjacent 
structures. In addition, these instruments offer better visibility during the procedure since they keep the work area clean [29,30]

It is noteworthy that the biological viability of bone tissue treated with piezo-surgery is comparable to that of bone that has been 
subjected to cutting by other surgical techniques. Osteotomy with piezo-surgery devices seems to be beneficial during the early stages of 
bone healing. Larger amounts of bone morphogenetic proteins seem to be introduced at the beginning of the healing process, reducing 
inflammation and stimulating bone remodelling [27]. The use of bone grafts between cortical walls did not significantly influence the 
bone volume gain. However, more studies are necessary to confirm this finding.

Compared with guided bone regeneration or block grafting, the ridge splitting technique enables implant placement, eliminates the 
need for bone harvesting and reduces a risk of graft or membrane exposure. The two-stage technique of ridge splitting with conventional 
loading of the implants is much better than one-stage in severely deficient alveolar ridge, since this might prevent unplanned fracturing 
of the vestibular wall, reducing complications and obstacles to treatment.

1.	 Gonza´lez-Garcia R., et al. “Alveolar split osteotomy for the treatment of the severe narrow ridge maxillary atrophy: a modified tech-
nique”. International Journal of Oral and Maxillofacial Surgery 40.1 (2011): 57-64.

2.	 Tolstunov L and Hicke B. “Horizontal augmentation through the ridge-split procedure: a predictable surgical modality in implant 
reconstruction”. Journal of Oral Implantology 39.1 (2013): 59-68.

3.	 Garcez-Filho J., et al. “Long-term outcomes from implants installed by using split-crest technique in posterior maxillae: 10 years of 
follow-up”. Clinical Oral Implants Research 26.3 (2015): 326-331.

4.	 Coatoam GW and Mariotti A. “The segmental ridge-split procedure”. Journal of Periodontology 74.5 (2003): 757-770.

5.	 J Waechter., et al. “The split crest technique and dental implants: a systematic review and meta-analysis”. International Journal of Oral 
and Maxillofacial Surgery 46.1 (2017): 116-128.

6.	 Simion M., et al. “Jawbone enlargement using immediate implant placement associated with a split-crest technique and guided tissue 
regeneration”. The International Journal of Periodontics and Restorative Dentistry 12.6 (1992): 462-473.

7.	 Scipioni A., et al. “The edentulous ridge expansion technique: a five-year study”. The International Journal of Periodontics and Restor-
ative Dentistry 14.5 (1994): 451-459.

8.	 Lustmann J and Lewinstein I. “Interpositional bone grafting technique to widen narrow maxillary ridge”. The International Journal of 
Oral and Maxillofacial Implants 10.5 (1995): 568-577.

9.	 Basa S., et al. “Alternative bone expansion technique for immediate placement of implants in the edentulous posterior mandibular 
ridge: a clinical report”. The International Journal of Oral and Maxillofacial Implants 19.4 (2004): 554-558.

https://www.ncbi.nlm.nih.gov/pubmed/20729037
https://www.ncbi.nlm.nih.gov/pubmed/20729037
https://www.ncbi.nlm.nih.gov/pubmed/23402358
https://www.ncbi.nlm.nih.gov/pubmed/23402358
https://www.ncbi.nlm.nih.gov/pubmed/24438355
https://www.ncbi.nlm.nih.gov/pubmed/24438355
https://www.ncbi.nlm.nih.gov/pubmed/12816307
https://www.ncbi.nlm.nih.gov/pubmed/27639295
https://www.ncbi.nlm.nih.gov/pubmed/27639295
https://www.researchgate.net/publication/21856438_Jaw_bone_enlargement_using_immediate_implant_placement_with_split-crest_technique_and_guided_tissue_regeneration
https://www.researchgate.net/publication/21856438_Jaw_bone_enlargement_using_immediate_implant_placement_with_split-crest_technique_and_guided_tissue_regeneration
https://www.ncbi.nlm.nih.gov/pubmed/7751111
https://www.ncbi.nlm.nih.gov/pubmed/7751111
https://www.ncbi.nlm.nih.gov/pubmed/7591001
https://www.ncbi.nlm.nih.gov/pubmed/7591001
https://www.ncbi.nlm.nih.gov/pubmed/15346753
https://www.ncbi.nlm.nih.gov/pubmed/15346753


1415

Modified Maxillary Ridge Splitting Technique for Horizontal Augmentation of Atrophic Ridge: Split Mouth Case Report

Citation: Ahmed Halim Ayoub and Soulafa Mohamed Belal. “Modified Maxillary Ridge Splitting Technique for Horizontal Augmentation 
of Atrophic Ridge: Split Mouth Case Report”. EC Dental Science 17.8 (2018): 1407-1416.

10.	 Sohn DS., et al. “Immediate and delayed lateral ridge expansion technique in the atrophic posterior mandibular ridge”. Journal of Oral 
and Maxillofacial Surgery 68.9 (2010): 2283-2290.

11.	 Anitua E., et al. “Two-stage split-crest technique with ultrasonic bone surgery for controlled ridge expansion: a novel modified tech-
nique”. Oral Surgery, Oral Medicine, Oral Pathology, and Oral Radiology 112.6 (2011): 708-710.

12.	 Happe A. “Use of a piezoelectric surgical device to harvest bone grafts from the man-dibular ramus: report of 40 cases”. The Interna-
tional Journal of Periodontics and Restorative Dentistry 27.3 (2007): 241-249.

13.	 Rahpeyma A., et al. “Lateral ridge split and immediate implant placement in moderately resorbed alveolar ridges: how much is the 
added width”. Journal of Dental Research 10.5 (2013):602-608. 

14.	 Sakamoto Y., et al. “The conservative surgical strategy for insufficient alveolar ridge employing split crest and socket lift procedure”. 
International Journal of Oral and Maxillofacial Surgery 40.10 (2011): 1047-1054.

15.	 Gray JC and Elves MW. “Donor cells’ contribution to osteogenesis in experimental cancellous bone grafts”. Clinical Orthopaedics 163 
(1982):261-271.

16.	 Weber HP., et al. “A 5-year prospective clinical and radiographic study of non-submerged dental implants”. Clinical Oral Implants 
Research 11.2 (2000): 144-153.

17.	 Enislidis G., et al. “Preliminary report on a staged ridge splitting technique for implant placement in the mandible: a technical note”. 
The International Journal of Oral and Maxillofacial Implants 21.3 (2006): 445-449.

18.	 Han JY., et al. “The effects of bone grafting material and a collagen membrane in the ridge splitting technique: an experimental study 
in dogs”. Clinical Oral Implants Research 22.12 (2011): 1391-1398.

19.	 Demarosi F., et al. “Localised maxillary ridge expansion with simultaneous implant placement: a case series”. British Journal of Oral 
and Maxillofacial Surgery 47.7 (2009): 535-540.

20.	 Sethi A and Kaus T. “Maxillary ridge expansion with simultaneous implant placement: 5-year results of an ongoing clinical study”. The 
International Journal of Oral and Maxillofacial Implants 15.4 (2000): 491-499.

21.	 Chan HL., et al. “Ridge width gain with screw spreaders: a cadaver study”. Implant Dentistry 22.5 (2013): 552-558.

22.	 Ioannis Papathanasiou., et al. “Ridge Splitting Technique for Horizontal Augmentation and Immediate Implant Placement”. Balkan 
Journal of Dental Medicine 18.1 (2014): 41-47.

23.	 Anitua E., et al. “Controlled ridge expansion using a two-stage split-crest technique with ultrasonic bone surgery”. Implant Dentistry 
21.3 (2012):163-170.

24.	 Scarano A., et al. “Expansion of the alveolar bone crest with ultrasonic sur- gery device: clinical study in mandible”. International 
Journal of Immunopathology and Pharmacology 24.2 (2011): 71-75.

https://www.ncbi.nlm.nih.gov/pubmed/20580146
https://www.ncbi.nlm.nih.gov/pubmed/20580146
https://www.ncbi.nlm.nih.gov/pubmed/21872501
https://www.ncbi.nlm.nih.gov/pubmed/21872501
https://www.ncbi.nlm.nih.gov/pubmed/17694947
https://www.ncbi.nlm.nih.gov/pubmed/17694947
https://www.ncbi.nlm.nih.gov/pubmed/24348616
https://www.ncbi.nlm.nih.gov/pubmed/24348616
https://www.ijoms.com/article/S0901-5027(11)00338-9/fulltext
https://www.ijoms.com/article/S0901-5027(11)00338-9/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/7067261
https://www.ncbi.nlm.nih.gov/pubmed/7067261
https://www.ncbi.nlm.nih.gov/pubmed/11168205
https://www.ncbi.nlm.nih.gov/pubmed/11168205
https://www.ncbi.nlm.nih.gov/pubmed/16796289
https://www.ncbi.nlm.nih.gov/pubmed/16796289
https://www.ncbi.nlm.nih.gov/pubmed/21435006
https://www.ncbi.nlm.nih.gov/pubmed/21435006
https://www.ncbi.nlm.nih.gov/pubmed/19150155
https://www.ncbi.nlm.nih.gov/pubmed/19150155
https://www.ncbi.nlm.nih.gov/pubmed/10960981
https://www.ncbi.nlm.nih.gov/pubmed/10960981
https://www.ncbi.nlm.nih.gov/pubmed/24013399
https://content.sciendo.com/view/journals/bjdm/18/1/article-p41.xml
https://content.sciendo.com/view/journals/bjdm/18/1/article-p41.xml
https://www.ncbi.nlm.nih.gov/pubmed/22534365
https://www.ncbi.nlm.nih.gov/pubmed/22534365
https://www.ncbi.nlm.nih.gov/pubmed/21781449
https://www.ncbi.nlm.nih.gov/pubmed/21781449


1416

Modified Maxillary Ridge Splitting Technique for Horizontal Augmentation of Atrophic Ridge: Split Mouth Case Report

Citation: Ahmed Halim Ayoub and Soulafa Mohamed Belal. “Modified Maxillary Ridge Splitting Technique for Horizontal Augmentation 
of Atrophic Ridge: Split Mouth Case Report”. EC Dental Science 17.8 (2018): 1407-1416.

Volume 17 Issue 8 August 2018
© All rights reserved by Ahmed Halim Ayoub and Soulafa Mohamed Belal.

25.	 Shibuya Y., et al. “Outcomes and treatments of malfractures caused by the split-crest tech-nique in the mandible”. Kobe Journal of 
Medical Sciences 60.2 (2014): E37-42.

26.	 Demetriades N., et al. “Alternative bone expansion technique for implant placement in atrophic edentulous maxilla and mandible”. 
Journal of Oral Implantology 37.4 (2011): 463-471.

27.	 Anitua E., et al. “Clinical eval- uation of split-crest technique with ultrason-ic bone surgery for narrow ridge expansion: status of soft 
and hard tissues and implant success”. Clinical Implant Dentistry and Related Research 15.2 (2013): 176-187.

28.	 Blus C., et al. “Split-crest and immediate implant placement with ultrasonic bone surgery (Piezosurgery): 3-year follow-up of 180 
treated implant sites”. Quintessence International 41.6 (2010): 463-469.

29.	 Bassetti R., et al. “Piezoelectric alveolar ridge-split-ting technique with simultaneous implant placement: a cohort study with 2-year 
radio-graphic results”. The International Journal of Oral and Maxillofacial Implants 28.6 (2013): 1570-1580.

30.	 Danza M., et al. “Comparison between implants inserted into piezo split and unsplit alveolar crests”. Journal of Oral and Maxillofacial 
Surgery 67.11 (2009): 2460-2465.

https://www.ncbi.nlm.nih.gov/pubmed/25339258
https://www.ncbi.nlm.nih.gov/pubmed/25339258
https://www.ncbi.nlm.nih.gov/pubmed/20662673
https://www.ncbi.nlm.nih.gov/pubmed/20662673
https://www.ncbi.nlm.nih.gov/pubmed/21453394
https://www.ncbi.nlm.nih.gov/pubmed/21453394
https://www.ncbi.nlm.nih.gov/pubmed/20490388
https://www.ncbi.nlm.nih.gov/pubmed/20490388
https://www.ncbi.nlm.nih.gov/pubmed/24278926
https://www.ncbi.nlm.nih.gov/pubmed/24278926
https://www.ncbi.nlm.nih.gov/pubmed/19837318
https://www.ncbi.nlm.nih.gov/pubmed/19837318

	_GoBack

