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Background: Several modifications have been applied to the ridge 

splitting with or without expansion technique to allow for implant 

placement in the atrophic ridges. Some studies utilized guided bone 

regeneration and others not.  

Aim: This systematic review will try to present the different studies 

discussing the effects of conjunction of bone grafting materials and/or 

membranes or not with the ridge splitting with or without expansion for 

patients having insufficient bucco-palatal ridge width.  

Methods: A thorough PUBMED (Medline) and COCHRANE 

databases search in addition to hand-search of journals of relevance 

was performed on related terms in the period from 1992 to 2016 and 

resulted in 3247 titles of which 21 abstracts were selected and collected 

as full articles for further evaluation while the rest were excluded by 

title or abstract. According to the inclusion criteria 14 studies were 

included and discussed in this article.  

Results: Of the 14 studies included in the present study only one study 

(cohort-retrospective) compared ridge splitting with/without expansion 

technique alone and with guided bone regeneration.  Twelve studies 

applied guided bone regeneration while three studies did not.  

Conclusion: The studies included in the present review showed high 

success and survival rates of implants placed in narrow ridges where 

ridge splitting and/or expansion technique were used with/without the 

application of guided bone regeneration. While the conjunction of 

guided bone regeneration with the ridge splitting and/or expansion 

technique showed more complications than using the technique alone. 

Studies included in the present study were of high or moderate risk of 

bias with only one randomized controlled clinical trial. So, the results 

of the present study should be reviewed cautiously. 
 

                  Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
In the recent decades, dental rehabilitation of partially or totally edentulous ridges with implants has become 

common practice with reliable long-term results
 1, 2

.   Successful implant treatment depends on the presence of 

sufficient quantities of bone and favorable inter-maxillary relationship
 3, 4

. 
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Various techniques have been implemented to overcome any deficiencies or unfavorable conditions. When the 

residual alveolar ridge is narrower than the optimally planned implant diameter, onlay bone grafts, horizontal guided 

bone regeneration, and ridge splitting techniques can be used 
2, 5

. 

 

Splitting and expansion of the alveolar ridge with insertion of dental implants between the bony plates has been 

successfully used for about 20 years 
6-8

. The ridge splitting technique has several advantages compared with other 

techniques. Secondary surgical sites are not a prerequisite, and simultaneous implant placement can be achieved 

during ridge splitting 
9
. 

 

The classical approaches for the splitting technique were generalized with the use of osteotomes. Since then, several 

modifications have been reported for the classical technique, such as the use of ultrasonic surgery 
10

 or the staged 

ridge splitting technique 
11

. Chiapasco et al 
12

 cited the technique of sagittal osteotomy of the anterior maxilla with 

preservation of the buccal cortex periosteum and vascularization with a half-thickness flap, stating that this 

technique resulted in better outcomes than other techniques. Many studies have been performed using barrier 

membranes 
8, 13

 and/or various bone grafting materials 
14

 after ridge splitting. 

 

This systematic review will try to present the effects of conjunction of bone grafting materials and/or membranes 

with the ridge splitting with/without expansion for patients with one or more missing teeth having insufficient 

bucco-palatal ridge width. 

 

Methods:- 

This review aimed to focus on the different studies reporting the techniques of ridge splitting and expansion with 

simultaneous implant placement both with and without the use of guided bone regeneration approaches. First a 

search was done on Medline (PubMed) using the following keywords: “ridge splitting and expansion” or “ridge 

splitting” or “ridge expansion” or “alveolar ridge expansion” or “alveolar ridge splitting” or “alveolar ridge 

augmentation” or “distraction osteogenesis” or “horizontal distraction osteogenesis” or “alveolar split osteotomy” or 

“sagittal split osteotomy” or “sagittal osteotomy” or “osseous expansion” and “oral implants” and “dental implants”. 

This was followed by searching on Cochrane database using the same keywords as mentioned before. In addition, 

hand searching in the international journals in the scope of Implantology namely (The International Journal of Oral 

& Maxillofacial Implants, Clinical Oral Implants Research, Journal of Oral and Maxillofacial Surgery, Dental 

implants, Journal of Oral and Maxillofacial Surgery, International Journal of Oral and Maxillofacial Surgery, 

Journal of Oral Implantology and Implant Dentistry) was done. 

 

Studies were selected according to the following inclusion and exclusion criteria: 

Inclusion criteria:- 

 Randomized controlled clinical trials, cohort studies or case series were included. 

 Studies included adult patients with one or more missing teeth in the upper or lower arches (anterior and 

posterior) with insufficient bucco-palatal (lingual) ridge width. 

 Studies included ridge splitting with/without expansion technique and with/without using guided bone 

regeneration in conjunction with simultaneous implant placement. 

 Studies included patients with sufficient vertical bone height. 

 

Exclusion criteria:- 

 Staged placement of implants. 

 Use of distraction osteogenesis devices. 

 Non clinical trials. 

 Review articles. 

 

Study selection:- 

The first search yielded 3247 (after removal of duplicates studies) that have been screened according to the titles and 

abstracts (Figure 1). Twenty studies were chosen according to the before mentioned inclusion and exclusion criteria 

for full copy reviewing. Bibliographies of selected articles were further searched for potentially relevant articles. 

Hand search revealed only one paper for full document reviewing. Seven studies were excluded after reviewing of 

full copies as shown in table (1). Fourteen studies fulfilling the inclusion and exclusion criteria were selected to 

perform this review. The selected articles were studied according to the augmentation of ridge splitting and 
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expansion technique with guided bone regeneration or not, implant survival and success rates, change in alveolar 

bone dimensions over follow up periods, complications and types of bone substitutes and membranes utilized.  

 

Figure 1:- Flow chart of search strategy 

 
Table 1:- Studies excluded after detailed assessment of full text and the reason of exclusion. 

Study Reason of exclusion 

Blus and Szmukler-Moncler [10] Patients received GBR or not were included in  the same group 

Jensen et al [32] Patients received GBR or not were included in the same group 

Demetriades et al [33] Patients received one-stage and two-stage procedures were included in the 

same group 

Scarano et al [27] Two-stage procedure were used 

Montero et al [34] Patients received GBR or not were included in the same group 

Anitua et al [35] Patients received GBR or not were included in the same group 

Shibuya et al [36] The study only measures cases with complications  

  

Critical appraisal:- 

Risk of bias was assessed according to study design, randomized selection, specification of the inclusion/exclusion 

criteria, reporting of lost follow-up and complications, objective evaluation and statistical analysis of the results. 

 

Results:- 

The selected 14 studies were divided according to the study design into 1 randomized controlled trial (RCT), 5 

cohort studies and 8 case series studies. The articles collected were published in the period from 1992 to 2016. Data 

was collected from the selected articles in customized forms and tabulated as shown in table (2). Only one study 

(cohort-retrospective) 
1
 compared ridge splitting and expansion alone and with guided bone regeneration. And so, 

three studies did not apply guided bone regeneration while twelve studies applied it. 
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Table 2:- List of selected articles. 

*Ridge splitting technique, **Guided bone regeneration 

 

Risk of bias in all selected articles was substantially high (table 3). This was due to the study designs which were 

mostly either cohort or case series, even the single randomized controlled trial included in the present review was of 

moderate risk of bias. It was not possible to perform a meta-analysis of the data because of the heterogeneity of the 

 Study Study 

Design 

No of 

Implants 

Flap Design Type of 

Bone 

Graft 

Type of 

Membranes 

Cumulat

ive 

Survival 

Rate 

Cumulati

ve Success 

Rate 

1 Simion et 

al. 1992 

[8] 

Case 

series 

10 Full 

thickness 

____ Non-

Resorbable 

Not 

mentione

d 

100% 

2 Engelke et 

al. 1997 

[22] 

Case 

series 

124 Full 

thickness 

Alloplast Non-

Resorbable 

Not 

mentione

d 

86.2% 

3 Sethi and 

Kaus. 2000 

[23] 

Case 

series 

449 Partial 

thickness 

Autogenou

s + 

Alloplast 

Not mentioned Not 

mentione

d 

97% 

4 Chiapasco 

et al. 2006 

[16] 

Case 

series 

110 Full 

thickness 

____ ____ 97.3% 95.4% 

5 Danza et 

al. 2009 

[15] 

Cohort 21 Full 

thickness 

____ ____ Not 

mentione

d 

95.3% 

6 Sohn et al. 

2010 [21] 

Cohort 63 Full 

thickness 

Allograft + 

Xenograft 

Resorbable 100% Not 

mentioned 

7 Langer et 

al. 2012 

[24] 

Case 

series 

37 Full 

thickness 

Allograft Not mentioned 100% Not 

mentioned 

8 Bassetti et 

al. 2013 

[18] 

Cohort 36 Partial 

thickness 

Xenograft Resorbable  100% Not 

mentioned 

9 Kolerman 

et al. 2013 

[20] 

Cohort 116 Full 

thickness 

Allograft Resorbable 100% Not 

mentioned 

10 Rehpeyma 

et al. 2013 

[25] 

Case 

series 

82 Full 

thickness 

Xenograft Not mentioned 100% Not 

mentioned 

11 Tang et al. 

2013 [1] 

Cohort 113 

(RST*+GB

R**) 

113 (RST 

only) 

Full 

thickness 

(RST+GBR

) 

Partial 

thickness 

(RST only) 

Xenograft 

(RST + 

GBR) 

Resorbable (RST+G

BR) 

100% 

93.2% 

(RST 

only) 

(RST+GB

R) 95.6% 

100% 

(RST 

only) 

12 Crespi et 

al. 2014 

[19] 

Cohort 118 Partial 

thickness 

____ Resorbable 98.31% Not 

mentioned 

13 Garcez-

Filho et al. 

2014 [26] 

Case 

series 

40 Full 

thickness 

Xenograft ____ 97% 95% 

14 Mounir et 

al. 2014 

[17] 

RCT 43 Full/Partial 

thickness 

Alloplast ____ 100% Not 

mentioned 
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identified studies regarding surgical technique (instruments and devices used in ridge splitting, flap design, flap 

reflection technique and bone cut extension), grafting materials and membranes as well as follow-up periods. This 

systematic review will therefore only present the studies narratively 

 

In all the selected papers the outcomes were objective regarding assessment of the implants success rate and implant 

supported prosthesis. Change in alveolar bone dimensions postoperatively was mentioned in some studies. 

 

Table 3:- Risk of bias assessment for the selected studies: 

Group (1) Ridge splitting and expansion without guided bone regeneration:- 

Three studies applied ridge splitting and expansion technique without guided bone regeneration (2 cohort studies 
1, 15

 

and 1 case series study 
16

. 244 implants were placed in split crest sites. Two studies 
15, 16

 did not assess patients for 

 Study Type 

of 

study 

Inclusion/ 

exclusion 

criteria 

Selection 

randomization 

Reported 

loss to 

follow 

up 

Reported 

complications 

Objective 

evaluation 

Statistical 

analysis 

Risk of 

bias 

1 Simion et 

al. 1992 

[8] 

Case 

series 

Yes No No No Yes No High 

2 Engelke et 

al. 1997
 

[22] 

Case 

series 

No No Yes Yes Yes No High 

3 Sethi and 

Kaus. 

2000 [23] 

Case 

series 

Yes No Yes Yes Yes Yes Moderate 

4 Chiapasco 

et al. 2006 

[16] 

Case 

series 

Yes No Yes Yes Yes Yes Moderate 

5 Danza et 

al. 2009 

[15] 

Cohort Yes No No No Yes Yes High 

6 Sohn et al. 

2010 [21] 

Cohort No No No Yes No No High 

7 Langer et 

al. 2012 

[24] 

Case 

series 

No No No No Yes Yes High 

8 Bassetti et 

al. 2013 

[18] 

Cohort Yes No No Yes Yes Yes Moderate 

9 Kolerman 

et al. 2013 

[20] 

Cohort Yes No No Yes Yes yes Moderate 

10 Rehpeyma 

et al. 2013 

[25] 

Case 

series 

Yes No No No Yes Yes High 

11 Tang et al. 

2013 [1] 

Cohort Yes No Yes Yes Yes Yes Moderate 

12 Crespi et 

al. 2014 

[19] 

Cohort Yes No No Yes Yes Yes Moderate 

13 Garcez-

Filho et al. 

2014 [26] 

Case 

series 

Yes No No No Yes Yes Moderate 

14 Mounir et 

al. 2014 

[17] 

RCT Yes Yes No No Yes Yes Moderate 
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smoking habits while the third one reported smoking habits for the patients 
1
. The three studies applied the technique 

in the upper and lower arches (anterior and posterior). Initial alveolar ridge width was specified by Chiapasco et al 
16

 

and Tang el al 
1
 as 3-7 mm and 2 mm respectively, while it was subjectively mentioned by Danza et al 

15
. 

 

Full thickness flap design was applied by Chiapasco et al 
16

 and Danza et al 
15

, while partial thickness flap was 

performed by Tang el al 
1
. Regarding the methods which were used for ridge splitting and expansion, Chiapasco et 

al used oscillating saw for splitting with extension crest devices for expansion 
16

. Tang el a 
1
 mentioned the use of a 

specialized fine bone chisel for splitting with specific extension crest device for expansion, while Danza et al 
15

 

reported the use of piezoelectric surgical device for splitting. The three studies utilized periapical radiographs for 

assessment of implants in the follow-up periods; moreover Tang el al 
1
 performed panoramic radiographs. Time of 

implants loading was specified by Chiapasco et al 
16

 (3-4 months), Danza et al 
15

 (6-8 months) and Tang el al 
1
 (4-6 

months).  

 

Regarding the outcomes, the width gain of the edentulous ridge at the end of the expansion procedure was 

mentioned by Chiapasco et al 
16

 which ranged from 2-5 mm, while this was not mentioned by Danza et al 
15

 or Tang 

el al 
1
.  Chiapasco et al reported the mean bone width variation of the expanded crest between implant placement 

and abutment connection, and between abutment connection and 1–2 years after the start of prosthetic loading which 

were -0.4, -0.5, -0.8, and -0.8 mm, respectively (measurements were made approximately 1mm below the crestal 

margin and were taken to the nearest 0.5 mm) 
16

. Tang el al noted that the vertical bone loss after expansion was 

1.61 ± 0.91 mm during 5.8 months of unloaded healing, while the marginal bone loss was 0.69 ± 0.49 mm in the 

first year, followed by 0.07, 0.06, 0.06, 0.06, and 0.09 mm annually 
1
. 

 

Regarding complications, Chiapasco et al 
16

 reported prolonged pain in the expanded area in one patient which 

resolved spontaneously 1 month postoperatively. Tang el al 
1
 reported some complications which were mentioned 

generally for the two study groups (ridge expansion alone and in combination with guided bone regeneration), so we 

could not mention these complications in the results. Danza et al did not report any complications during the surgical 

procedure or postsurgical 
15

. 

 

Regarding cumulative survival and success rates, Chiapasco et al stated that the overall success rate of the surgical 

procedure, cumulative survival rate and success rate of implants placed in the expanded sites at the end of the 

follow-up period were 97.8%, 97.3% and 95.4% respectively 
16

. Danza et al noticed failure in 1 implant (after 1 

month of placement) among 21 implants placed with piezo split crest surgical technique with cumulative success 

rate of 95.3% 
15

. Tang el al noted that the 8 years' cumulative implant success and survival rates of the implants 

placed in the expanded sites were 93.2% and 100% respectively 
1
. 

 

Group (2) Ridge splitting and expansion in conjunction with guided bone regeneration:- 

Twelve studies applied ridge splitting and expansion with guided bone regeneration in the same surgical procedure 

(1 randomized controlled trial 
17

, 5 cohort studies 
1, 18-21

 and 6 case series studies 
8, 22-26

. 1118 implants were placed in 

the split crest sites. Assessment for smoking habits was unclear in 6 studies 
8, 21-25

. Patients were all smokers in 2 

studies 
20, 26

, while in 4 studies 
1, 17-19

 patients were non-smokers.  

 

Eleven studies applied the technique in the upper arch anteriorly 
1, 8, 17-20, 22-25

, posterior 
1, 8, 18-20, 22-26

, while 8 papers 

applied the technique in the lower arch namely anterior 
1, 8, 18, 19, 22, 24, 25

 and posterior 
1, 8, 18, 19, 21, 22, 24, 25

. Initial 

alveolar ridge width was different between the studies with a range between 1.5-5 mm, while in one study 
22

 it was 

not mentioned. 

 

Full thickness flap was applied in 9 studies 
1, 8, 17, 20-22, 24-26

, while partial thickness flap was applied in 5 studies 
1, 17-19, 

23
. Regarding the methods used for ridge splitting, chisels and osteotomes have been used in 6 studies 

1, 8, 17, 19, 20, 23
, 

burs and discs have been used in 4 studies 
22, 24-26

, electrical mallet has been used in 1 study 
19

 while piezo-electric 

device has been used in 3 studies 
18, 21, 24

. Regarding the methods used for ridge expansion, chisels and osteotomes 

have been used in 8 studies 
17, 19-23, 25, 26,

 wedges have been used in 1 study 
18

 while extension crest device has been 

used in another study 
1
. 

 

Regarding bone grafts and membranes used, 6 studies applied bone grafts and membranes in conjunction with ridge 

splitting technique 
1, 18, 20-23

, 4 studies used bone grafts only 
17, 24-26

 while 2 studies utilized membranes only 
8, 19

. 

Regarding types of bone grafts applied, 1 study used autogenous bone graft in conjunction with xenograft 
21

, 1 study 
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used autogenous bone graft in conjunction with alloplast 
23

, 2 studies applied allografts 
20, 24

, 4 studies utilized 

xenograft 
1, 18, 25, 26

, while 2 studies applied alloplasts 
17, 22

. Regarding types of membranes applied, 6 studies utilized 

resorbable membranes 
1, 18-22

 while 2 studies used non-resorbable membranes 
8, 22

.  

 

Regarding radiographic examination, periapical radiographs were performed in 9 studies 
1, 20-27

, panoramic 

radiographs were documented in 5 studies 
1, 18, 20-22

, cone beam volumetric tomography was used in 2 studies 
17, 21

, 

computed tomography were done in 2 studies 
8, 20

. 

 

Time of implants loading was specified by Simion et al 
8
 (6 months for all cases, 10 months for 1 case with 

membrane dehiscence), Engelke et al 
22

 (4-6 months), Sethi and Kaus 
23

 (6 months), Sohn et al 
21

 (17 months), 

Langer et al 
24

 (4-17 months), Bassetti et al 
18

 (4-8 months), Kolerman et al 
20

  (6 months), Rehpeyma et al 
25

 (3 

months), Tang et al 
1
 (4-6 months), Crespi et al 

19
 (6 months), Garcez-Filho et al 

26
 (6-8 months) while Mounir et al 

17
 did not specify the time of implant loading. 

 

Regarding the outcomes, Simion et al 
8
 noted that average gain of ridge width was 2.6 mm (range:1-4 mm) while the 

average loss of ridge height at stage-two surgery (6 months for 9 patients and 10 months for 1 patient) was 0.5 mm. 

Engelke et al 
22

 noted that the mean postoperative marginal bone loss (mesial and distal surfaces of each implant) 

after an interval of less than 1 year was 1.1 mm, 2 to 3 years it was 2.0 mm, and 3 to 5 years it reached 1.9 mm, 

Bassetti et al 
18

 measured the average increase in bone width at the time of ridge splitting procedure with implant 

placement (4.7 ± 0.8 mm), changes in peri-implant marginal bone levels between time of surgery and time of 

loading (4-8 months after surgery) it was -1.18 ± 1.06 mm mesially and -1.2 ± 0.99 mm distally, time of loading and 

after 1 year it is -0.65 ± 0.98 mm mesially and -0.53 ± 0.91 mm distally, 1 year and 2 years of loading was -0.05 ± 

0.03 mm mesially and -0.05 ± 0.02 mm distally and between time of surgery and 2 years of loading was -1.66 ± 1.08 

mm mesially and -1.69 ± 0.9 mm distally, Kolerman et al 
20

 reported that the difference in ridge width (between 

preoperative and postoperative measurements) averaged 3.5 ± 0.93 mm. The initial buccal bonny plate after implant 

installation varied between 0.5 and 1 mm (mean: 0.86 ± 0.21 mm). At 6 months postoperatively, the width of the 

buccal plates ranged between 2 and 4 mm (average: 2.80 ± 0.64 mm). The average difference in width was 1.90 ± 

0.59 mm. The mean vertical mesial bone loss was 1.81 mm ± 1.07, and the mean vertical distal bone loss was 1.74 

mm ± 1.12. In eight patients , at least one implant presented bone loss of ≥ 3 mm, Rehpeyma et al 
25

 reported that the 

mean gain in crest ridge after ridge split was 2 ± 0.3 mm. Tang et al 
1
 reported that in the group where patients 

received ridge splitting in conjunction with guided bone regeneration the vertical bone loss after expansion was 1.60 

± 0.81 mm (range: -0.05–3.33 mm; median: 1.63 mm) after 7 months of unloaded healing, while the marginal bone 

loss was 0.43 ± 0.51 mm during the first year, followed by 0.06, 0.08, 0.06, 0.08, and 0.09 mm annually. Crespi et al 
19

 reported that the final ridge width gained varied from 5-8 mm (average 7.2 ± 1.7mm). Garcez-Filho et al 
26

 

documented that the marginal bone loss around implants was 0.47 ± 0.91 mm at 6 months after loading and 1.93 ± 

0.93 mm at 10 years follow up after loading. While Mounir et al 
17

 reported that the mean marginal bone loss (in a 

follow up of 6 months postoperatively) of the labial plate in the control group (ridge-splitting technique using a full 

thickness mucoperiosteal flap) was found to be 2.29 mm (15.36%), while in the study group (ridge splitting 

technique using a partial thickness mucosal flap) it was 0.71 mm (5.89%). The mean palatal marginal bone loss in 

the control group was 2.48 mm (16.84%) and that in the study group it was 1.14 mm (8.99%). The results also 

showed the mean mesio-distal marginal bone loss in the control group to be 1.83 mm (12.21%), while that in the 

study group was 1.15 mm (8.77%). 

 

Regarding the complications, Simion et al 
8
 reported a dehiscence of the membrane (non-resorbable) in one patient 

with two implant sites which occurred after 2 months of healing; the membrane was removed because of severe 

inflammation at the margins of the exposed area. Sethi and Kaus 
23

 reported sudden increase in the incidence of 

infection in 2 cases, and this practice was terminated. Kolerman et al 
20

 reported spontaneous exposure which 

occurred in 18 implants (15.5%). Spontaneous exposures were treated by replacement of the cover screw with 

healing abutments. In cases where there was insufficient buccal band of keratinized gingiva, masticatory mucosa 

pedicle flap was displaced from the palate adjacent to the implant. Membrane exposure occurred at five sites in five 

different patients (14%). No exposure demanded premature removal of the membrane because the exposed portions 

of the membrane were absorbed shortly after. As mentioned above that Tang et al 
1
 reported some complications but 

they were mentioned generally for the two study groups (ridge expansion alone and combined with guided bone 

regeneration), so we could not mention these complications in the results separately. 
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Regarding cumulative survival and success rates, Simion et al 
8
 reported 100% success of implants at time of 

implants loading (6-10 months from placement time), Engelke et al 
22

 reported that the 5-year cumulative success 

rate was 86.2%, Sethi and Kaus 
23

 mentioned that the 5-year follow up success rate was 97%, Sohn et al 
21

 noted no 

failures after 4-5 months of placement. Langer et al 
24

 showed that the cumulative survival rate of implants in 4-year 

follow up is 100%, Bassetti et al 
18

 reported that implants survival rate after 2 years of follow up was 100%  , 

Kolerman et al 
20

 documented that the overall implant survival rate after 5 years of follow up was 100%. Rehpeyma 

et al 
25

 after at least 6 months of follow up showed that all implants survived and were functional. Tang et al 
1
 noted 

that the 8 years' cumulative implant success and survival rates of the implants placed in the expanded sites were 

95.6% and 100% respectively. Crespi et al 
19

 reported that the survival rate at 2-year follow up was 98.31%, Garcez-

Filho et al 
26

 presented that the 10-year time interval the implant survival rate was 97% and the success rate was 

95% while Mounir et al 
17

 showed no failure implants in both study and control groups (ridge splitting with full 

thickness and partial thickness flaps) in a follow up period of 6 months after implant placement. 

 

Discussion:- 
Initial reports on the ridge-splitting technique described it as a successful surgical technique that could be used 

simultaneously with implant placement. In their original reports, Simion et al 
8
 and Scipioni et al 

28
 reported 1 to 4 

mm of alveolar width gain after the split-crest procedure and successful immediate implant placement and 

osseointegration. This surgical technique involved splitting the alveolar ridge longitudinally in two parts, provoking 

a longitudinal greenstick fracture at the top of the bone to create a space-making defect. This technique prevents the 

need for onlay grafts taken from the maxillary tuberosity, symphysis of the chin, the external oblique ridge, or the 

hip presenting postoperative morbidity associated with bone harvesting 
29

. 

 

The current review was conducted to focus on the effects of conjunction of guided bone regeneration with the ridge 

splitting with or without expansion. The results of this review showed that few studies fulfilled the inclusion and 

exclusion criteria with only three studies applied ridge splitting with/without expansion without the conjunction with 

guided tissue regeneration, while twelve studies applied guided bone regeneration, regarding that one cohort 

retrospective study compared both modalities and was included in both groups of the present review. 

 

In the present review we noted heterogeneity of the identified studies regarding surgical technique (instruments and 

devices used in ridge splitting, flap design, flap reflection technique and bone cut extension), grafting materials and 

membranes as well as follow-up period. This resulted in the lack of possibility to perform a meta-analysis of the data 

and so the studies in this systematic review were only presented narratively. Moderate to high risk of bias was 

revealed for the selected studies. This is an important factor to be put into consideration when reviewing the results 

of this systematic review. 

 

One study 
16

 was included where a device was used to expand the buccal and palatal/lingual plates after splitting; 

some implants were placed 7 days after the splitting procedure to allow for the activation of the expansion device 

within some days in the mandibular defects with very dense bone. The device used in this study could not be 

considered as a distraction osteogenesis device as the aim was not to generate new soft tissue and bone. Regarding 

the implants placed in few days after splitting, we could not refer this to staged implant placement procedure, as the 

aim of this step was to wait until getting enough expansion from the splitting. 

 

In group (1), the cumulative survival rate was measured in only 1 study 
1
 and it was 100% with follow up period of 

8 years. While in group (2), 10 studies 
1, 8, 17, 18, 19, 20, 21, 24, 25, 26

 reported the cumulative survival rate which ranged 

between 97-100%. Bassetti et al 
30

 in their systematic review noted cumulative survival rate in 18 studies which 

ranged between 91.7-100%, while in another systematic review Elnayef et al 
31

 reported implant survival rate in 

between 94% to 100%. In comparison with the two groups presented in the present study, Bassetti et al 
30

 showed 

wider range of cumulative survival rate with less lower limit, while Elnayef et al 
31

 results were more comparable 

with the results of the two groups in the current review. 

 

In group (1), the cumulative success rate of implants was measured in the three studies 
1, 15, 16

 and it ranged between 

93.2-95.4% with the maximum follow up period of 8 years. In group (2), 4 studies measured the cumulative success 

rate 
1, 22, 23, 26

, and it was between 86.2-97% with the maximum follow up period of 8 years also. And so the results 

of cumulative success rates of the second group are slightly higher than the first group. Bassetti et al 
30

 in its review, 

cumulative survival rates were between 88.2-100% in 9 studies. So the results of group (2) are comparable with 

Bassetti et al 
30

, while group (1) showed better results than group (2) and better results in comparison with Bassetti 
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et al 
30

 regarding the lower limit of success rates while the upper limit showed better results for Bassetti et al 
30

. 

These differences in results could be attributed to the differences in definitions of success criteria, designs of 

implants, inclusion and exclusion criteria, or operational details in the conducted studies. 

 

In group (1), one study 
1
 reported that in the group where patients received ridge splitting and expansion alone the 

bone loss (vertically) after expansion was 1.61±0.91 mm after 7 months of unloaded healing, and the average of 

marginal bone loss after loading was 0.69±0.49 mm during the first year followed by 0.07, 0.06, 0.06, 0.06, and 0.09 

mm annually. Chiapasco et al 
16

 reported the mean bone width variation of the expanded crest between implant 

placement and abutment connection, from 1–2 years after the start of prosthetic loading which were -0.4, -0.5, -0.8, 

and -0.8mm, respectively. While in group (2), bone loss after ridge splitting with/without expansion technique were 

measured in 6 studies 
1, 17, 18, 20, 22, 26

. Engelke et al 
22

 reported the mean of postoperative marginal bone loss (mesial 

and distal) in the follow up times of less than 1 year, 2 to 3 years and 3 to 5 years were 1.1, 2.0, and 1.9 mm 

respectively. Bassetti et al 
18

 reported the changes in peri-implant marginal bone levels between time of surgery and 

time of loading (4-8 months after surgery), time of loading and after 1 year, 1 year and 2 years of loading and 

between time of surgery and 2 years of loading and they were -1.18 ± 1.06 mm, -0.65 ± 0.98 mm, -0.05 ± 0.03 mm 

and -1.66 ± 1.08 mm respectively for mesial measurements, and -1.2 ± 0.99 mm, -0.53 ± 0.91 mm, -0.05 ± 0.02 mm 

and -1.69 ± 0.9 mm respectively for distal measurements. Kolerman et al 
20

 reported the follow-up time which 

varied between 6 and 14 months the mean vertical mesial bone loss was 1.81 mm ± 1.07, and the mean vertical 

distal bone loss was 1.74 mm ± 1.12. In eight patients, at least one implant presented bone loss of ≥ 3 mm. Tang et 

al 
1
 reported that in the group where patients received ridge splitting and expansion in conjunction with guided bone 

regeneration the bone loss (vertically) after expansion was 1.60 ± 0.81 mm after 7 months of unloaded healing, and 

the marginal bone loss after loading was 0.43 ± 0.51 mm during the first year, followed by 0.06, 0.08, 0.06, 0.08, 

and 0.09 mm annually. Garcez-Filho et al 
26

 documented that the marginal bone loss around implants was 0.47 ± 

0.91 mm at 6 months after loading and 1.93 ± 0.93 mm at 10 years follow up after loading. Mounir et al 
17

 reported 

that the mean marginal bone loss (in a follow up of 6 months postoperatively) of the labial plate in the control group 

(ridge-splitting technique using a full thickness mucoperiosteal flap) was found to be 2.29 mm (15.36%) (labially), 

2.48 mm (16.84%) (palatally) and 1.83 mm (12.21%) (mesio-distally). While in the study group (ridge splitting 

technique using a partial thickness mucosal flap) it was 0.71 mm (5.89%) (labially), 1.14 mm (8.99%) (palatally) 

and 1.15 mm (8.77%) (mesio-distally). 

 

Flap design is an important factor that should be put into consideration in reviewing the results of the present 

contemplate. Some studies applied the partial thickness flap instead of the full thickness flap 
1, 17, 18, 19, 23

. In their 

randomized controlled clinical trial, Mounir et al 
17

 reported decrease in the amount of crestal bone loss (labial, 

palatal and mesio-distal) in the patients where partial thickness flap were used in conjunction with split-crest 

procedure in comparison with full thickness flap. Tang et al 
1
 correlated the type of flap to be used with the severity 

of width insufficiency. They assumed that partial thickness flap could be used when the alveolar width is 4 mm or 

more while full thickness flap could be used when the width is less than 4 mm which needs guided bone 

regeneration in conjunction with split-crest procedure. Bassetti et al 
18

 stated the necessity for full thickness flap in 

where releasing (vertical) bone cuts are needed, as proper visualization has to be achieved. The results of the present 

study should be considered with caution regarding the presence of the flap design as a factor that could affect the 

amount of crestal bone loss postoperatively in both groups. 

 

During reviewing complications related to the techniques used, we did not investigate fractures or cracks happened 

to the buccal bone plates in some cases. We think that this is an operator related not a technique related 

complication. Other complications happened postoperatively which was mentioned in both groups. In group (1), one 

case was reported with prolonged pain in the expanded area with complete resolution after 1 month postoperatively. 

In group (2), 2 cases were reported with sudden increase in the incidence of infection. Membrane exposure and 

dehiscence occurred in 6 sites in two studies 
8, 20

. Spontaneous exposure in 8 implants was reported in one study 
20

. 

 

Conclusion:- 
In conclusion, the studies included in this review showed high success and survival rates of implants placed in 

narrow ridges where ridge splitting and/or expansion technique were used with/without the application of guided 

bone regeneration. While the conjunction of guided bone regeneration with the ridge splitting and/or expansion 

technique showed more complications as membranes exposure and infection. Flap design could be an important 

factor that could affect the alveolar bone dimensional changes postoperatively. Studies included in the present 

review were of high or moderate risk of bias with only one randomized controlled clinical trial. So, the results of the 
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present study should be reviewed cautiously. Properly designed randomized controlled clinical trials are strongly 

recommended aiming for further analysis of the effect of guided bone regeneration on ridge splitting with/without 

expansion technique. 
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