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Background: The successful placement of 
dental implants is limited by the presence of 
a deficient maxillary alveolar ridge. This study 
reports a modified approach to the split-crest 
technique using piezoelectric surgery in com-
bination with immediate implant placement 
in management of atrophic maxillary ridges. 

Methods: The first author has developed an 
approach within which expansion of the alveolar 
ridge and implant placement are combined into 
a single procedure. A limited number of instru-
ments were required and implants were posi-
tioned into predetermined osteotomy sites within 
the split channel. This placement was utilized to 

expand the bone during seating. 28 patients were 
treated by this modified split-crest technique and 
in total received 56 tapered self-tapping implants. 

Results achieved showed a significant increase 
in the mean maxillary ridge width by 2.93 ± 
0.13 mm. The survival rate of the implants 
was 100%.  Implant stability was measured 
using the Periotest M and ranged between 
-2.3 and -5.3 at 6 months postoperatively. 

Conclusion: This study showed that the modi-
fied approach to split -crest technique as pre-
sented, is a successful technique for augmenting 
narrow maxillary ridges and implant placement.
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INTRODUCTION
The success of dental implant placement pre-
dominantly depends on the presence of adequate 
bone quantity and quality for the edentulous site. 
Optimal osseous volume bears a positive influ-
ence on osseointegration, long term stability and 
the final esthetic and prosthetic outcomes of 
the dental implant.1,2   A deficient alveolar ridge 
is a major limiting factor in achieving a success-
ful outcome for implant placement. For extreme 
cases of ridge width deficiency, it would be 
necessary to prepare the ridge through aug-
mentation procedures3. Established bone aug-
mentation techniques for consideration are: 
distraction osteogenesis, guided bone regenera-
tion, onlay grafting, inter-positional grafting, ridge 
splitting or expansion, sinus augmentation and in 
some cases ridge shortening.4,5 Ridge splitting to 
achieve bone expansion as a technique for aug-
mentation has received growing acceptance.6,7

In 1992, Simion et al.11 was the first to intro-
duce the split-crest bone manipulation tech-
nique. In his study, five patients displaying 
adequate vertical bone height but insufficient 
width of bone were chosen for treatment using 
the split-crest technique combined with guided 
tissue regeneration, followed by implant place-
ment. The technique involved the splitting of the 
alveolar ridge longitudinally into two parts, creat-
ing a greenstick fracture. A chisel was then used 
to make a fine cut and split apart the two corti-
cal plates and was followed by implant insertion. 
The implants and the existing defects were cov-
ered with guided bone regeneration (GBR) bar-
riers. After osseointegration of the implants was 
assured, it was reported that the final increase 
in the width of the maxillary ridge was 3-4 mm 
while in the mandible it was 1-1.5 mm (this was 

attributed to the stiffness of the compact bone 
of the mandible). Histological examination of 
specimens obtained from the newly formed bone 
(using a trephine bur between the split cortical 
plates) revealed the regeneration of bone tissue 
of normal structure which was of little difference 
in mineralization rate from the pre-existing bone.8

The gap created in-between the split-crestal 
plates is utilized for the positioning of implants. 
The space unoccupied by the implants can be 
filled with biomaterials such as; autologous bone 
grafts, particulate bone, or plasma derivatives like 
platelet-rich plasma (PRP).9,10 The advantages 
of ridge splitting when compared to other tech-
niques were proven. Secondary surgical sites 
are not mandatory, and immediate implant place-
ment can be accomplished during the procedure. 
The method allows for prostrate dilatation of the 
vestibular and palatal crest walls, providing a 
bone bed of mesenchymal cells from marrow ori-
gin therefore possessing a strong osteogenic 
potential that can assist the regenerative pro-
cess without the need to use autologous donor 
zones. Favorable results are thus reached, with 
high predictability and low morbidity compared 
with those techniques that utilize autologous 
donor sites.11,12 Another clinical study conducted 
on ridge splitting techniques featured the imme-
diate placing of implants for restoration of single 
maxillary anterior teeth. It was reported that split-
ting is indicated for narrow ridges where suf-
ficient spongy bone is found between labial and 
palatal cortices. The study described the bone-
splitting procedure as a safe and predictable 
technique when carefully performed on selected 
patients, with the use of proper instrumentation.13

As previously highlighted, the split-crest tech-
nique is a flexible technique that allows many 
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modifications. Such modifications are performed 
with a choice of devices for the cutting of bone. 
The most common instruments implemented were 
fissure burs,14 micro-saw/discs,15,16,17 osteotome 
chisels6,14,18,19 and piezo-electric knives.12,16,19,20,21  
Piezoelectric bone surgery was introduced to the 
dental profession in order to perform precise and 
minimally traumatic bone surgeries. This ultrasonic 
device provides the capability to cut mineralized 
hard tissues such as bone accurately and in a very 
safe way, with minor tissue damage.22, 23, 24 Soft 
tissues such as nerves, blood vessels, or the 
Schneiderian membrane are not affected by the 
cutting tip because of their capability to oscil-
late at the same speed and amplitude as the tip. 
Various clinical contemplates have reported the 
potential use of ultrasonic bone surgery in the 
splitting and expansion technique with satisfac-
tory results in most cases.25 The aim of the pres-
ent study is to clinically evaluate the suitability 
of piezoelectric bone surgery when adopted 
for a modified approach to the split-crest tech-

nique in the maxilla in combination with simul-
taneous implant placement. The approach 
presented herein provides an increase to the 
ridge width through the use of tapered implants 
and without the use of any defect filling materials.

PATIENTS AND METHODS
This study was conducted on 28 patients  
(18 males and 10 females) with an age range 
of 27- 58 years and a mean age of 38.4 ± 2.37.  
A total of 56 implants were placed in the selected 
patients. The patients were selected from the out-
patient clinic at the Faculty of Oral and Dental 
Medicine, Cairo University. The study protocol was 
reviewed and approved by the Ethical Committee 
at the Faculty of Oral and Dental Medicine, Cairo 
University. Patients were chosen according to the 
following inclusion criteria: one or more missing 
teeth in the maxilla, the alveolar ridge in the eden-
tulous site demonstrated insufficient bucco-pala-
tal ridge width (less than 6 mm) with more than  
10 mm of residual bone height and sufficient verti-

Figure 1:  Intraoral photograph showing the creation of 
bone channel using the piezoelectric surgical tip. 

Figure 2:  Intraoral photograph reporting the use of the 
3.25 mm Ultra drill for implant site osteotomy.
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cal inter-maxillary arch space, upon centric occlu-
sion. Exclusion criteria were: presence of any local 
or systemic condition that may contraindicate 
minor oral surgeries, active growth stage with 
partially erupted teeth and presence of oral hab-
its that might endanger the osseointegration pro-
cess, such as smoking or parafunctional habits.

All patients participating in the study 
were fully informed of the study protocol 

and the associated risks of the study proce-
dures. All participants signed an informed 
consent form to document their approval.

Pre-surgical evaluation included visual 
examination and palpation of the entire oral 
and para-oral tissues. Study casts were pre-
pared to evaluate the inter-maxillary space and 
type of occlusion. The bucco-palatal alveolar 
ridge width at the implant site was measured 
using a bone caliper. Periapical and panoramic 
radiographs for the recipient site were taken.  
Cone Beam Volumetric Tomography (CBVT) 
was performed on the assigned sites for the 
study in order to determine the bucco-pala-
tal alveolar ridge width at the implants’ site.

Surgical Procedures
Patients were anesthetized locally by infiltration 
anesthesia. A palatal sub-crestal incision was 
created for the surgical site. Two oblique releas-
ing incisions were then created on the buccal 
aspect. Dissection of the full thickness mucoperi-

Figure 3:  Intraoral photograph showing implant 
placement creating bone expansion during seating.

Figure 4:  Pre-surgical and post-surgical (6 months) CBCT 
scan showing increased ridge width and positioned dental 
implants.

Figure 5:  Dental implants with fixed cover screws.
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osteal flap was performed providing complete 
exposure of the alveolar bone. Using piezoelec-
tric surgery unit (tip model: SG1, NSK Variosurg 
ultrasonic surgical system, Japan) a horizontal 
crestal cut was produced along the crest of the 
bone (Figure 1). The cut depth extended through 
the cortical bone to reach the spongy bone. The 
depth of the horizontal cut was approximately 1 
mm shorter than the overall length of the implant 
to be placed. Two vertical cuts were made and 
these were connected to the horizontal crestal 
cut (except in two patients having a long span 
ridge for which vertical cuts were not needed). 
After ridge splitting, the osteotomy site was pre-
pared using a 3.25 mm Ultra drill (Figure 2) and 
OsteoCare™ Maxi Z (OsteoCare™ Implant Sys-
tem, London, United Kingdom) two-piece and 
Maxi Z flat-end tapered dental implants were 
placed according to the manufacturer’s protocol 
(Figure 3).  Careful screwing and seating of these 
tapered implants into the bone was performed 

until all exposed threads were submerged and 
the platform remained flush with the crestal bone. 
This positioning of the implants created expansion 
through deformation between the split bony plates 
(Figure 4). Cover screws were then fixed to the 
implants (Figure 5).  Closure of the flap was per-
formed using interrupted sutures with a 4-0 black 
silk suture material (Assut sutures®. Switzerland).

Post-surgery Patient Management
1. �Augmentin® (Medical Union Pharmaceuticals  

Co. Egypt) 1g tablets were prescribed twice  
daily for 5 days.

2. �Analgesics were prescribed as following: 
Voltaren® (Novartis Pharma, S.A.E., Cairo,  
Egypt) 75 mg IM once.

3. �Brufen® (Khaira Pharmaceuticals and Chemical 
Industries Company, Cairo, Egypt)  
200 mg t.d.s for 5 days was prescribed.

4. �Oral hygiene recommendations were pro-
vided including the use of soft toothbrush.

Figure 6: Intraoral photograph showing soft tissue healing 
at 6 months after initial surgery.

Figure 7:  Intraoral photograph with the re-entry 6 
months after initial surgery with complete bone fill and 
regeneration.
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The Second Stage
After a healing period of 6 months (Figure 6), 
surgical re-entry was undertaken in order to 
assess the clinical success of the modified split-
crest technique and to position the healing col-
lars on the newly exposed implants (Figure 7).  

Prosthetic Procedures
Ten days after positioning of the healing col-
lars, indirect impressions were taken using 
OsteoCareTM impression transfers for the open 
tray transfer technique. Impressions were pro-
vided to dental laboratories for construction of 
the final porcelain-fused-to-metal or porcelain-
fused-to-Zirconium crowns. After fixation of 
the abutments, the final crowns were perma-
nently cemented using zinc phosphate cement.

Follow-Up Evaluation and Success Criteria
Every patient underwent immediate ‘post sur-
gery’ evaluation and examination and again 6 
months post-operatively. The examination and 
evaluation criteria included review for: absence 
of peri-implant infection, no complaint of local 
pain at the site of treatment and no com-
plaint of neuropathies or paraesthesia. In addi-
tion the patients were evaluated for absence 
of clinically detectable mobility. Periotest M 
(Periotest® M, Medizintechnik Gulden, Ben-
sheim, Germany) was used to test implant sta-
bility at 6 months before cementing the crowns.

Radiographic Evaluation
Standardized periapical radiographs using 
the parallel technique in addition to panoramic 
radiographs and CBVT were undertaken pre-
operative, immediately post-operative (within 
the first 24 hours) and 6 months post-operative.

CBVT scans were used to evaluate the total 
gain in alveolar ridge width, in the bucco-palatal 
dimension. They were also used to assess the 
stability of the marginal bone around the implant 
after the procedure and to record the post-oper-
ative ridge width. The raw data obtained from the 
CBVT scan was imported into bespoke third party 
software for secondary reconstruction and further 
clinical interpretation. The results obtained from 
each of the data sets were compared. The pre-
operative image was fused to the postoperative 
image by manual registration through landmarks in 
the cranium. Accurate registration (superimposi-
tion) was automatically performed by the software.  
Each image (primary and secondary) was color 
coded for identification. Firstly, key point measure-
ments were recorded onto the primary image. The 
measurements on the primary image were held 
and the primary image was removed to leave the 
secondary image. New measurements were then 
recorded on the secondary image in the identi-
cal plane, direction and cut as that of the primary 
image to ensure standardization. The obtained 
data was then subjected to statistical analysis.

Statistical Analysis
Numerical data were displayed as mean 
± standard deviation (SD) values. Qualita-
tive data were presented as frequencies 
and percentages.  Paired student t-test was 
conducted to compare the pre and the post-
operative ridge widths. The significance level 
was set at p ≤ 0.05. Statistical analysis was 
performed with SPSS 18.0, Chicago, IL, USA.

RESULTS
A total of 56 implants were placed in 28 pre-
selected patients. Six patients received one 
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implant; 17 patients received two implants; three 
patients received three implants and two patients 
received 4 implants. The diameter of 53 of the 
implants was 3.75 mm and 3 implants had a diam-
eter of 4.5 mm. The length of 43 implants was  
13 mm and length of the remaining 13 
implants was 10 mm. Wound healing was 
normal in all patients without any signs 
of infection, suppuration or mucositis. Ini-
tial pain and minor swelling was noted in all 
patients. These conditions were completely 
resolved by the tenth day post-operatively.

The preoperative ridge width of the patients 
ranged between a minimum of 3.58 mm and 
a maximum of 5.12 mm with the mean ± SD 
ridge width of 4.52 ± 0.41 mm. The 6 months 
postoperative ridge width ranged between a 
minimum of 6.46 mm and a maximum of 8.15 
mm with a mean value of 7.44 ± 0.42 mm. The 
mean increase of the maxillary ridge width 
was 2.93 ± 0.13. Statistical analysis revealed 
a significant increase in the ridge width mea-
surements with a p-value of 0.0001 (Table 
1).  All the implants were successfully osseo-
integrated when clinically tested at 6 months 
postoperatively. The degree of implant stabil-
ity measured by Periotest M ranged between 
-2.3 and -5.3 after 6 months postoperatively. 

DISCUSSION
Ridge split-crest bone manipulation tech-
nique is one form of augmentation proce-
dures for narrow ridges.  This procedure can 
be used for ridge expansion with immedi-
ate implant placement, providing an over-
all reduction in the time required for implant 
therapy.26  Since the introduction of this 
technique various studies have reported 
the use of osteotomes and ridge expand-
ers to increase ridge width for the placement 
of implants with successful outcomes.27,28,29    

In the current study, tapered implants were 
used to expand the bone instead of using ridge 
expanders or osteotomes and this was con-
sidered as a valuable modification to the split-
crest technique. Tapered implants provide 
more control over the expansion procedure by 
easing the bone plates apart in a gradual man-
ner which minimizes the risk of fracturing the 
buccal plate. The expansion of the ridge and 
placement of the implants are combined into 
a single procedure. Few instruments were 
employed: the piezoelectric cutting tip, the 
tapered drill and the tapered, self-tapping, self-
drilling implants which are placed into prede-
termined osteotomies within the split channel. 
No bone grafts or barriers were used to aug-

Table 1:  The Comparison Between Pre- and Post-operative Ridge Widths

 

	 Pre-operative width	 Post-operative width 
	 Mean ± (SD)	 Mean ± (SD)	 ρ-value	

	 4.52 ± 0.41	 7.44 ± 0.42	 0.0001*

    * Statistically significant different, p-value ≤ 0.05
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ment the osteotomy site. The self-space-making 
nature of the split channel allowed for natural 
bone regeneration by the osteogenic cells.30

The results of the current contemplate 
revealed a total mean maxillary ridge bone gain of 
2.93 mm after 6 months post-operative, with no 
use of bone graft material  or barrier membrane 
to fill the defect gap. The 100% success rate of 
the present study coincides with the results of 
several studies which have reported satisfactory 
ridge bone gain without the use of grafting mate-
rials. Chiapasco et al.31 reported a final mean 
bone gain of 4 mm and Holtzclaw et al.32 showed 
a mean bone gain of 4.03 mm. Meanwhile, 
Sohn et al.33 reached a bone gain of 2.7 mm. 

Various studies of the split-crest technique 
using osteotomes or bone expanders with bone 
grafts and/or barrier membranes to fill the remain-
ing defect gaps have been reviewed.30,34  Sethi 
et al.29 reported the use of autologous bone and 
hydroxyapatite achieving a total gain of ridge 
width of 2.8 mm. Anitua et al.30 used a barrier 
membrane and platelet rich growth factor achiev-
ing a final mean bone gain of 3.35 mm. Blus et 
al.35 reached a final mean bone gain of 2.7 mm 
after combining allograft and PRP together with 
using a barrier membrane. Rahpeyma et al.36 only 
used allograft and reached a mean bone gain of 
2 mm. The survival rate of the implants in these 
studies collectively ranged between 95.3-100 %.    

Our results documented a reduction in instru-
mentation used during the surgical procedures 
and the lack of requirement for using of any addi-
tional augmentation materials while still achieving 
a similar level of bone gain. The tapered design 
of the implants initiated the expansion of bone 
without the need of osteotomes or expanders.  

In this contemplate, ridge splitting and 

implant placement were undertaken during the 
same visit as followed in other studies1, 37 that 
stated ridge splitting with simultaneous implant 
placement as the preferable procedure when 
used in the maxilla, due to the thinner corti-
cal plates and the softer medullary bone which 
provided easier and controlled expansion.26

The use of piezoelectric tips was suc-
cessfully documented assuring the pre-
cise cutting of bone with preservation of 
the surrounding soft tissues, which was 
in accordance with other studies.18,38,39,40 

CONCLUSION
The results of this study showed that the modi-
fied approach to split -crest technique as 
presented, is a successful technique for aug-
menting narrow maxillary ridges. This modifi-
cation utilized a fewer number of instruments 
with the implants acting as bone expand-
ers. Simultaneous implant placement was 
performed without the need for any graft-
ing materials or use of GBR barriers. ●
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