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Abstract: 

Objectives: The aim of this study was to evaluate the immediate implant placement versus delayed 

implant placement 3 months later of the splitting of thin alveolar bone sites using flapless crest splitting 

technique on implant stability, width of crestal bone and bone density and efficacy of piezotome ridge 

splitting in avoiding injury of the adjacent nerve. 

Patients and methods: This study was designed as a prospective clinical trial of 35 implants over 8 

patients with 16 alveolar splitting sites. Eight sites were splitted and immediately implanted and 

submitted to group I, the another eight sites were splitted and implanted after 3 months they were 

submitted to group II, After alveolar ridge splitting both groups were grafted via xenografts and covered 

with collagen membranes for guided bone regeneration (GBR). For both groups we clinically assessed 

insertion torque, Implant stability quotient (ISQ) and radiographically horizontal bone gain and bone 

density at 3 intervals postoperatively, 3 and 6 months. Statistical comparative t-tests were performed to 

compare between two groups according to the above mentioned parameters. 

Results: The mean ISQ and insertion torque ± SD in group II was higher than group I.horizontal bone 

gain, group I showed a higher increase in bone gain than group II. group Iand group II had showed 

statistically significant increase in mean bone density postoperative, after 3 and 6 months (p<0.001*). 

group II had showed statistically significant increase in mean bone density postoperative, after 3and 

6months (p<0.001). No cases in our study using piezotome alveolar ridge splitting had injury of the 

adjacent nerve. 

Conclusion: Immediate implantation after piezotome ridge splitting can be a useful procedure in ridges 

which have low bone quality and a thin cortex. Delayed implantation after piezotome ridge splitting is 

recommended when the initial stability of the implants is predicted to be poor. Both techniques using 

piezotome alveolar ridge splitting are effective in avoiding adjacent nerve injury. 
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Introduction: 

Narrow and atrophic dentoalveolar ridge 

(which is ≤ 4mm thickness) is a serious 

challenge for the successful placement of 

dental implants
1-5

. Resorption of alveolar 

bone occurs consequent to tooth loss, as a 

result of physiologic healing
6-7

. Ridge 

healing patterns following tooth removal 

result in more rapid bone resorption on the 

buccal than on the lingual/palatal aspects of 

the ridge. Between 40-60% of labial bone is 

lost during the first 3 years and this lost 

continues at an annual rate of 0.25-0.5% 

thereafter
8-10

. The pattern of resorption often 

results in a residual knife edge and a 

palatally or lingually shifted ridge apex, 

with frail and thin labial cortex
11

. The 

estimated structural loss is about 60% of 

pre-extraction alveolar ridge width
12

. As 

minimum thickness of 1–1.5 mm of bone 

should remain on both buccal and 

lingual/palatal aspects of the dental implants 

to ensure a successful treatment outcome
1-5

. 

Several techniques, such as guided bone 

regeneration, bone block grafting, horizontal 

dentoalveolar ridge distraction and ridge 

splitting may be applicable for bone 

expansion
13

. Nowadays, the increased 

tendency to receive the minimal invasive 

treatments has made the use of novel 

medical and dental techniques inevitable
14, 

15
. Piezoelectric ridge-splitting procedure 

provides a quicker method in which an 

atrophic ridge can be predictably expanded 

and grafted, and it eliminates the need for a 

second donor surgical site for harvesting 

autogenously bone 
1-4

. 

Subsequent to dentoalveolar ridge 

expansion, most surgeons prefer immediate 

dental implant placement for preservation of 

the gained bone thickness expansion and for 

time saving issues
16-18

, unfortunately 

Scarano
19

 et al reported many complications 

of immediate implant placement after ridge 

splitting. Also Ziad and Angelo Troedhan
20

 

et. al. reported (That delayed ridge splitting 

allowed a predictable and safer increase in 

crestal bone width without compromise of 

the vascular supply of the bone flap and with 

no necrosis after implant placement and 

during bone healing comparable to the 

single stage flapless piezotome crest split
20

).  

Eid
21

 et al. demonstrated a favorable 

outcome of the staged ridge splitting and 

expansion approach in the rehabilitation of 

atrophic narrow edentulous posterior 

mandiblar area.  All this previous studies of 

Scarano
19

 et al, Ziad and Angelo Troedhan
20

 

et. al. and Eid 
21

 et al. , that favors delayed 

implant placement after ridge splitting 

procedure encouraged us to perform a study 

comparing implant placement immediately 

after piezoelectric dentoalveolar ridge 

splitting versus three months delayed 

implantation after splitting procedure. 

Patients and Methods: 

This study was designed as a prospective 

clinical trial of 53 implants over 8 patients 

with 16 alveolar splitting sites. Eight sites 

were splitted and immediately implanted 

and submitted to group I, the another eight 

sites were splitted and implanted after 3 

months; they were submitted to group II.   
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Ethics statement: this study followed all 

methods of declarations of Helsinki for 

research involving human subjects and was 

reviewed and approved by the institutional 

reviewer bared of Al-Azhar University, 

school of Dentistry (Assiut 

branch).informed written consent was 

obtained from all patients included in the 

study. 

surgical phase: 

Patient’s preparation 

Before surgery, patients were asked to 

gargle with chlorhexidine 0.2% mouthwash 

(Oralden®) for about 1 minute, this was 

followed by circumoral scrubbing by gauze 

soaked in Povidone-Iodine solution 10% 

(Betadine®)  and draped with sterile 

surgical drapes. 

Anesthesia: 

Local anesthesia was administered using 4% 

Articaine / adrenaline 1:100,000 1. 8ml 

Artinibsa cartilage. 

 Incision and Flap design: A bard parker 

blade No 15 was used to create a full 

thickness crestal mesio-distal incisional 

bocklet flap was made to expose crestal 

alveolar ridge of proposed splitting and 

implant sites, a conservative envelope flap 

elevation extending slightly beyond the 

alveolar crest to reduce flap morbidity and 

allow primary wound closure. In few cases 

additional small mesial and distal vertical 

releasing flaps were performed for more 

elucidation of the alveolar ridge crest fig 

(12B).  

The Flapless Piezotome crest splitting 

(FPCS) technique:  

A custom surgical guide fixed on the 

alveolar ridge (Fig 1 C) which fabricated 

according to the patient own CBCT fig (1 

A). Demarcations of implant sites were 

performed with the initial drill till the full 

length of final implant. Removing of the 

surgical guide. A vertical mesiodistal 

mucoperiosteal incision and dissection only 

of the very top of the narrow alveolar crest 

(booklet flap; Fig 1 B), followed by a 

vertical mesiodistal osteotomy with crest 

split tip no. 1 (CS1) for the piezotome 

(Acteon; Fig 1D) to a depth lesser than the 

final implant by 2mm length. An initial 

horizontal distraction was performed using 

the CS2 tip for the piezotome Next, 90º 

buccal relief osteotomies were placed at the 

distal and mesial end of the mesiodistal 

vertical osteotomy line to prevent accidental 

fractures of the buccal bone segment during 

horizontal distraction using the CS3 tip from 

inside to outside the osteotomy. Horizontal 

distraction was then implemented using the 

CS4, CS5, and CS6 tips for the piezotome to 

reach a distraction gap width of 4 to 5 mm 

(Fig. 1 E).  

Group (I) FPCS with simultaneous 

implant placement:  

Splitting sites supplemented by 

simultaneous implant placement into their 

ridges. This was by drilling to the full length 

of the implant by the sequenced drills of 

Neobiotech implant system and implants 

placed. Guided bone regeneration (GBR) 

had been performed after implants 

placement, by crest site augmentation with 
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xenograft (One Graft® cortico-cancealous 

graft, Germany). Implant stability had 

measured using OSSTEL and smart pegs 

(Fig 1 J, k). Covering the splitted crest and 

xenograft and implants with resorbable 

membrane (Hypro-sorb®, Germany).  

CBCT examinations were performed (pre-

operatively, 3months and 6 months) 

postoperatively for comparing crest width 

and bone density in all this periods between 

group I and group II. 

Group (II) FPCS with 3 months delayed 

implant placement:  

We performed the same steps of CBCT 

examination of group I for all patients of 

group II. CBCT of the case in fig (1 F). The 

same procedures of disinfection scrubbing, 

anesthesia and sequenced crest splitting as 

group I cases for cases of group II (fig.1 B, 

D and E). The difference in procedures 

between group I and group II started after 

completing splitting and GBR. We delayed 

implantation after 3 months (healing of bone 

splitting period). Guided bone regeneration 

(GBR) had been performed simultaneously 

after splitting by crest site augmentation 

with xenograft (One Graft® cortico-

cancealous graft, Germany). Covering the 

splitted crest and xenograft with resorbable 

membrane (Hypro-sorb®, Germany).  After 

3 months, CBCT examination was 

performed (fig.13 F). We measured alveolar 

crest width and length for determination of 

the appropriate implants. Incision had been 

made. Via assistance of a second CBCT 

taken at 3month a surgical guide was 

manufactured (fig.13 H). Sequenced drilling 

of Neobiotech implant system and implants 

placement had been performed (fig.13 H and 

I). We measured Initial stability by OSSTEL 

device.  

Follow up and data collection 

I. Clinical parameters 

1. Insertion Torque: 

The insertion torque in Newton/Centimeter 

(N/cm) for each Implant was recorded 

using a manual calibrated torque gauge 

ratchet. 

2. Implant stability quotient (ISQ): 

All implants were evaluated for primary 

stability once after implant insertion with 

an Osstell® a magnetic resonance device, 

which used resonance frequency analysis for 

determining implant stability post 

implantation and after 3months and another 

measurement after six months at second 

surgical phase.

 

Figure (1): Surgical procedures: A: pre-op. 

CBCT, B: Surgical guide. C: flapless incision, 

D: 1
st
 Crest splitting via CS1 tip, E: final crest 

splitting tip CS.6. F: group I postop. CBCT, G: 

3 months postoperative CBCT, H: 6 month post 

op. CBCT. For group II: I: Pre-op. CBCT. J: 3m 

post splitting. K: Implant position demarcation 

via custom made surg. Guide, L: alveolar bone 

clinical shape 3 months post splitting, M: 

implant insertion 3m post splitting. N: 3m post-
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splitting post-implantation CBCT, O: 6 month 

post-splitting CBCT. 

II. Radiographic parameters 

3. Measuring of horizontal bone gain & 

loss: 

The reference-plane for horizontal bone gain 

measurement was determined by the 

bone-level crestal plane of inserted implants 

in cross sectional view of CBCT. From this 

reference-plane both buccal and lingual 

bone level of each implant was measured in 

millimeters on the day of implant placement 

(immediate) and on follow-up visits at 
postoperative, 3and 6 months 

4. Measuring of bone density: 

By using of RDIANT DICOM VIEWER 

(software), change in bone density around 

implant was calculated in gray scale units. 

The positions of measurement sites were 

located at the top, middle and apical part of 

implant on buccal, lingual, mesial and distal 

sides. 

Statistical analysis: 

Data were fed to computer and analyzed 

using IBM SPSS software package 

version 26.0. (Armonk, NY: IBM Corp). 

Results: 

1. Insertion torque: 

There was a statistically a significant 

difference between groups (p<0.001*). 

Group II showed a statistically a significant 

higher Insertion torque than Group I.  
 
 
 

 

Table (1): Comparison between two studied groups 

according to insertion torque. 

 

Figure (2): Comparison between two studied groups 

according to insertion torque. 

 

2. ISQ reading 

 Regarding Initial ISQ there was statistically 

significant difference between groups 

(p<0.001*).  

Table (2): Comparison between two studied groups 

according to ISQ mean reading.  
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group II showed statistically significant  

higher ISQ reading than group I. After 3 

months, there was statistically non-

significant difference between groups 

(p<0.40). 

Figure (5): Comparison between mean ISQ reading 

in different periods in each group. 

However the increase ISQ from initial was 

statically significant (p<0.001*) group I ISQ 

reading was with higher increasing rate than 

group II. After 6 months, there was 

statistically non-significant difference 

between groups (p=0.39), however the 

increase ISQ from initial was statically 

significant (p<0.001*). group I ISQ reading 

was with higher increasing rate than group 

II. 

                                                                       

II. Radiographic parameters:  

3. Measuring of horizontal bone gain & 

loss:  

Regarding Initial, Postoperative, after 3 

months there was statistically significant 

difference between groups (p=0.140, 

0.154respectively).After 6 months there was  

statistically non- significant difference 

between groups (p=0.20). Regarding 

Increase from Initial, there was statistically a 

significant difference. Group I showed 

higher Increase from Initial than Group II, 

Postoperative and after 3 months were 

having statically significant differences 

(p=0.048*, 0.033*) 

 

  

 

4. Measuring of bone density: Regarding 

Initial, After 3 months and After 6 months 

there was statistically non- significant 

difference between groups (p=0.27, (p=0.16) 

and (p=0.82). Group I showed higher 

density than group II.  

 

Table (3): Comparison between two studied groups 

according to horizontal bone gain in CBCT. 

Figure (4) Comparison between different periods 

in each group according to Horizontal bone gain 

in CBCT reading. 
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Table (4): Comparison between two studied 

groups according to density. 

 

Figure (5): Comparison between different periods in 

each group according to Bone 

Discussion:   

In our present study we had evaluated 

immediate implantation after alveolar ridge 

piezotome splitting and expansion versus 3 

month delayed implantation after piezotome 

alveolar ridge splitting.  

In our current study, ridge splitting was 

accompanied with immediate implant 

placement which originally was reported by 

Summers 
22

 that gave an 

advantage of the fact that bone was 

viscoelastic, compressed and can be 

manipulated. Simion et al.
23

 had been agreed 

this technique which gave the same survival 

rate as two-steps split ridge expansion and 

shorten total treatment time to eliminate 

second surgical procedure morbidity
24

. Sohn 

D S etal.
18 

had been warried of that there 

was a higher risk of malfracture of 

osteotomized bone segments, especially in 

mandible with a lack of initial stability for 

implants, and a compromised implant 

placement in buccolingual and apico-coronal 

directions. 

In our present study, immediate implantation 

after splitting (group I) showed a statistically 

significant difference at ISQ reading than 3 

month delayed implantation after ridge 

splitting (group II) at intial intra operative 

phase(p<0.001), after 3 and 6 months, there 

was statistically non-significant difference 

between groups (p= .40 and .39 

respictively), where delayed implantation 

(group II) showed a statistically a significant 

higher in ISQ reading than immediate ridge 

splitting group. Delayed implantation (group 

II) group was shown to enhance implant 

primary stability, due to implant insertion in 

already healed mineralized vital bone 

increasing bone-to-implant contact (BIC) 

upon implant placement in group II
 25

. 

However in group I we inserted implant 

catching only apical few millimeters 

circumferentially and the last coronal part of 

fixture only touched buccal and lingual 

plates and newly inserted bone graft which 

healed together after that
 26-28, 29

.   

In our present study, according to insertion 

torque parameter there was statistically 
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significant difference between two groups 

(p<0.001*).  Group I (Immediate 

implantation after piezotome ridge splitting) 

had showed statistically significant lower 

insertion torque than group II (3 month 

delayed implantation after piezotome ridge 

splitting). This was in agreement with Blus 

C et. al.
30

, Sethi A et. al.
 31

, Enislidis G et. al.
 

32 
and Chauhan H et. al.

 33 
who had 

compared immediate with late implantation 

after alveolar ridge splitting, and reported 

that late implantation had got higher 

insertion and removal torque, increased 

primary and secondary stability, higher 

bone-to-implant contact (BIC) and higher 

bone volume around implants , this 

favorable outcome was possible because of 

increasing bone-to-implant contact (BIC) 

upon implant placement in group II, 

However in group I we inserted implant 

catching only apical few millimeters 

circumferentially and the last coronal part of 

fixture only touched buccal and lingual 

plates and newly inserted bone graft which 

healed together after that. 

In Comparison between two studied groups 

according to horizontal 

bone gain at CBCT there was a higher 

increase in ridge splitting group I than 

group II regarding postoperative and three 

months reading there were statically 

significant difference  (p=0.041 and p=.34). 

While at six months post operatively there 

was no significant difference between two 

groups regarding bone gain at 

CBCT(p=0.20). 

This results was in agreement with Sohn D S 

et. al.
18

 in 2010 and Chauhan H et. al.
33 

in 

2020  who had compared ridge splitting 

techniques with immediate and delayed 

implant placement and particulate bone graft 

they had got 3:5 ±1.5 mm gain in bone 

width. 

In Comparison between two studied groups 

regarding bone density, we had 

observed that there was statistically non- 

significant difference between groups at 

initial reading (p=0. 27), postoperative (p=0. 

16), 3 months (p=0. 13) and 6 months (p=0. 

82). This finding was in agreement with 

ABDELSAMEAA et. al.
34

 

who perform a study at 2021 for evaluation 

of delayed Split Expansion technique for 

horizontal augmentation of narrow 

mandibular alveolar ridge for implant 

placement without Guided Bone 

Regeneration. 

This result may be explained due to high 

bone to implant contact in group II and 

elasticity of cancellous bone, while in ridge 

splitting group I implant gained its primary 

stability from apical 2mm and the remaining 

part was surrounded by grafted bone mixed 

with growth factors and dynamic process 

that involved bone tissue modeling and 

remodeling .This was in agreement with 

Botticelli D  et. al. 
35 

and  Berglundh et al. 
36

 

Conclusion: 
1- Results both groups had suggested that 

immediate and late implantation after 

piezotome ridge splitting were a successful 

methods for narrow alveolar bone 

expansion. 2- Late implantation after 

piezotome ridge splitting was demonstrated 

to be able to increase ridge width with more 

successful implant primary stability and 

bone density around dental implants without 
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bone sacrificially. Especially in cases that 

have a prediction of buccal or lingual plate 

fracture delayed implantation is more 

preferred in this case. 3- Immediate 

implantation after piezotome ridge splitting 

can be a useful procedure in ridges which 

have low bone quality and a thin cortex. 4-

Delayed implantation after piezotome ridge 

splitting can be used more safely and 

predictably in patients with high bone 

quality and a thick cortex and narrower 

ridges to avoid complete fracture of the 

buccal segments. 5- Delayed implantation 

after piezotome ridge splitting is 

recommended when the initial stability of 

the implants is predicted to be poor. 6- Both 

techniques using piezotome alveolar ridge 

splitting are effective in avoiding adjacent 

nerve injury. 
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