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ABSTRACT 
BACKGROUND: The conventional ridge splitting technique offers a feasible and more consistent approach for the challenging narrow alveolar 
ridge. However, this entails raising of a complete flap to allow an adequate visibility of the osseous defect resulting in disturbance of vascular supply 
and risk of bone resorption. Stereolithography helps the manufacture of surgical guides using 3D generated models for an accurate placement of 
implants with minimal invasiveness thus preserving the periosteum. 
OBJECTIVES: To assess the precision of dental implant placement in narrow ridges after ridge splitting minimally invasive technique using an 
interchangeable guide. 
MATERIALS AND METHODS: A prospective study was including 5 patients with anterior maxillary narrow ridge. All patients were selected to 
suit the proposed inclusion and exclusion criteria. Ridge split procedure was performed for all selected subjects assisted with the surgical guide with 
simultaneous placement of implants. Patients were evaluated by clinical and radiographical assessments with an average of 6 months follow up. 
RESULTS: 8 implants were placed. Angular deviations with an average of 2.61 ± 1.46 degrees. The mean values of the horizontal deviation at the 
coronal and apex sides of the implant were 0.70 ± 0.46 mm and 0.98 ± 0.35 mm. While the Vertical deviations (V) with an average of 0.39 ± 0.29 
mm. There were statistically significant differences between preoperative, immediate postoperative and 6 months postoperative values of bone width 
and density.  
CONCLUSIONS:  Alveolar ridge split technique assisted with an interchangeable surgical guide is a feasible and reliable method for placement of 
dental implants. 
KEYWORDS: Ridge splitting, Surgical guide, 3D planning, Minimally invasive technique, Immediate implant. 
RUNNING TITTLE: Guided ridge splitting with simultaneous implant placement. 
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INTRODUCTION 
Implant dentistry has long been considered the standard of 
care for restoring missing teeth. Improving technologies and 
recent updates refine the field of implant placement widely, 
however, still remain certain limitations of which the narrow 
alveolar ridge is regarded the most challenging. Accordingly, 
many scholars advocated such a challenge with consideration 
to the analysis, diagnosis and different ways of management 
(1). 

The effectiveness and success of dental implant 
surgery is largely dependent on the availability of an adequate 
bony support, with at least 1–1.5 mm bone thickness on both 
buccal and lingual/palatal sides of the dental implant (2).  

Considering a narrow alveolar ridge is the scene, (< 5 
mm measured at the coronal and apical levels), then the surgical 
procedure is often achieved in two-stages involving the guided 
bone regeneration (3). Accordingly, the reduced ridge is still 
considered a major challenge for successful implant placement. 
Various techniques have long been advocated to augment the 

inadequate ridge including, onlay lateral ridge bone grafting (4), 
horizontal osteodistraction, and guided bone regeneration 
techniques (5). Such procedures still show some limitations; 
morbidity at the donor site, higher costs, and increased duration 
of treatment. 

The procedure of ridge splitting is an alternative 
method to augment the narrow alveolar ridges with an average 
height. This technique is well reported for management of 
inadequate ridges as a prerequisite for dental implantation 
with superior outcomes in favor of the maxilla than the 
mandible, however, still the accuracy of both osteotomy and 
implant placement is not well determined as this is an operator 
dependent procedure based on the surgeon experience and 
skills (6).  

The development of newer diagnostic and imaging 
technologies including computed tomography (CT) is 
becoming nowadays the key for successful implant placement 
(7). The 3D designed surgical guides are fabricated mainly to 
accurately transfer the preoperative virtual plan and data 
obtained from the presurgical diagnostic wax up to the 
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intraoperative real scene for precise three dimensional implant 
placement considering the position, depth and angulation. 
Earlier reports introduced provisional designs of the surgical 
guides which were limited to define the placement of dental 
implants in relation to surrounding vital structures. With 
advancing technologies, the indications of the surgical guides 
increased and included the proper mesio-distal and bucco-
lingual positioning of implants (8). Then this approach gains 
more popularity due to the increased accuracy of implant 
positioning, less overall rehabilitation time, predictable 
outcomes, and the minimally invasive nature of the procedure 
(9).  

In a word, the current research is implemented to 
present a technique of an alveolar ridge splitting assisted with 
an interchangeable surgical guide through a minimally 
invasive approach, therefore, conservation of the soft and hard 
tissues, which entail several advantages: 1) Salvage of the 
overlying periosteum so avoiding complete osseous fractures; 
2) improved accuracy of the technique; 3) greatly reducing the 
surgery time and also the postoperative complications. 

The null hypothesis assumes that no effects will be 
found using the interchangeable surgical guide. 
 

MATERIALS AND METHODS 
This study was approved by the institutional ethical approval 
board, Faculty of Dentistry, Alexandria University with an 
informed written consent obtained from all participants. This 
manuscript was registered in in ClinicalTrials.gov with the 
protocol ID: NCT04386382. 
Patients 
This was a prospective clinical study conducted on five 
patients (8 implants) with anterior maxillary narrow ridge 
selected using simple random sample technique. 
All patients were selected from the Outpatient Clinic of Oral 
and Maxillofacial Surgery Department, Faculty of Dentistry, 
Alexandria University, from November, 2019 to May, 2020. 
Inclusion criteria 
Patients with anterior maxillary narrow ridge from 3 mm to 5 
mm (10) with an adequate alveolar ridge bone height (11), 
Age ranging from 20-40 years, with an adequate oral hygiene 

(12), free of any other oral pathology (13) patients agreeing to 
participate in the research.  
Exclusion criteria 
1) Relevant systemic diseases; 2) immunologic disorders and 
related illnesses; (14) 3) Heavy smokers (≥ 25 cigarettes per 
day) (15).  
Materials 
Interchangeable Stereolithographic surgical guide (Figure 1) 
Fabrication and description 
An optical scanning of the dental casts was done using 
Ceramill map 400 (Amman Girbach, Austria). Then the 
treatment plan and surgical stent were designed using Mimics 
Innovation Suite 19 ™ software (Materialise Mimics software 
3D Medical Imaging, Belgium). Using the 3D software, 
special 3D virtual guide slits and boxes were designed that can 
accommodate and precisely fit the tools used for the ridge 
splitting technique. These tools were designed as follows: 

External Box: is a hollowed rectangular shaped box with an 
internal ledge created 1mm away from the top aspect of the 
box. This box accommodates the box shaped guides. 

Blade Guide: is a rectangular shaped box that fits 
precisely into the external box. It contains an internal slit that 
exactly fits the blade. 
Piezotome guide: is a rectangular shaped box that fits 
precisely into the external box. It contains an internal slit that 
precisely fits the piezotome tips. 

Split chisel guide: is a rectangular shaped box that 
fits precisely into the external box. It contains an internal slit 
that exactly fits the split bone chisel. 

Drill implant sleeve guide: is a rectangular shaped 
box that fits precisely into the external box. It contains an 
implant sleeve for implant placement.  

The external box, guides and internal splitting plane 
complex were temporarily and virtually attached together, 
then exported as STL objects and then imported into the 
mimics program.  

The resultant 3D virtual stent, blade guide, piezotome 
guide, split chisel guide and drill implant sleeve guide were 
exported as STL (stereolithographic) files to a 3D printing 
machine to build the stent from a photo curable resin material. 
Sequencing from the different guides 
The Sequence of tools designed especially for this technique 
was used through the external box. First, the blade guide was 
secured in place to allow the blade to cut an alveolar crestal 
flap. The Blade guide was then replaced by the Blade handle 
guide allowing the handle and blade to pass through the slit 
until a pre- determined depth of 9mm was reached. The blade 
handle guide was then replaced by the Chisel guide to allow 
the Bone Split Chisel to perform a flapless split. The Chisel 
guide was then replaced by the Implant guide sleeve. 
Implants and Surgical Kit 
-Dentium dental implant, two pieces, screw type titanium 
dental implant.NR line Korea.  
-Universal Smart surgical kit (Smart kit, Pakistan). Keyless 
guided surgery drills (Smart Kit). Pakistan. (Figure 2A) 
Other 
- Piezotome mectron Italy. (Figure 2B) using specialized Crest 
Splitting Tips.OT7. (Figure 2C) 
-Ridge spreader kit (Dentium RS kit) will be used to perform 
the expansion. (Figure 2D) 
Methods 
Presurgical phase 
Clinical assessment 
First, bucco-lingual measurements were done using Cone 
Beam Computed Tomography (CBCT) (PaX-i3D Green, 
Vatech, USA) in order to check the eligibility of the patient to 
be enrolled in the study and fulfilling the inclusion criteria 
before further assessment. Scaling and oral hygiene 
measurements. Impressions will be taken. Fabrication of the 
interchangeable surgical guide stent. 

An impression of the maxillary and mandibular arch 
were taken using alginate impression material (Hydrogum5, 
Zhermack SpA, Italy). Impressions were casted in dental stone 
(HTMDent dental stone type, Egypt) and were sent to the 
laboratory for preparation of the surgical stent.  
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Optical scanning of the dental casts was done using 
Ceramill map 400 (Amman Girbach, Austria).  

The treatment plan and the surgical stent were 
designed using Mimics Innovation Suite 19 ™ software 
(Materialise Mimics software 3D Medical Imaging, Belgium). 
(Figure 3) 
An interchangeable surgical guide was printed in resin using 
Dent1 dlp printer.  
Radiographic examination 
Cone beam Computed Tomography was used to define the 
alveolar ridge width, sites of implant placement, angulation, 
depth, and position of the ridge split. 
Surgical phase 
Scrubbing of the area of interest with Povidone–Iodine surgical 
scrub was done at the beginning of the procedure. All procedures 
were performed under local anesthesia (Mepivacaine 
hydrochloride 2 percent), augmented with infiltration anesthesia 
at implant site. 

First, the surgical guide was placed and well adapted 
over the ridge after disinfection with suitable disinfectant 
(Figure 4A). No. 11 Bard Parker knife was then used to incise 
the mucosa at the slot area (of stent) midcrestally with the 
blade guide (Figure 4B). Care was paid to preserve the 
periosteum to avoid bone resorption and reduce possibility of 
free fracture of the split ridge. The initiating drill points were 
done guided by the drilling guide (Figure 4C). A midcrestal 
mesiodistal osteotomy was performed with the piezotome. 
assisted with the piezotome guide (Figure 4D). An unbeveled 
straight bone osteotome was inserted in the crestal osteotomy 
using a mallet to allow for a flapless split of the buccal plate 
of bone, using a split chisel guide (Figure 4E). Then, complete 
expansion with expanders (RS KIT) (Dentium RS KIT) 
(Figure 4F) was achieved successively according to the 
manufacturer's instructions. Following horizontal expansion, 
placement of the implant was done, with engagement of the 
basal bone for primary stability (Figure 4G, 4H). Then 
removal of the guide was performed prior to closure. Suturing 
by 3/0 silk was done using a reverse cutting needle 26mm 3/8 
c (Ghatwary medical supply GMS borg elarab, Alexandria, 
Egypt).  
Postsurgical phase 
Postoperative instructions 
Cold foments over upper lip during the first 24 hours. 
Warm antiseptic mouthwash 3 times daily for 1 week.  
Strict oral hygiene measures. 
Antibiotics: Augmentin (Augmentin: manufactured by 
GlaxosmithKline) (Amoxicillin 875 + Clavulanic acid 125) 
tablets: 1 tablet every 12 hours for 7 days postoperatively. 
NSAID: Cataflam (Cataflam (50mg): manufactured by 
Novartis (Swiss multinational pharmaceutical company). 
www.Novartis.com) (diclofenac potassium 50 mg) tablets: 1 
tablet every 12 hours for 5 days. 
Clinical evaluation 
Evaluation of the operative time was done. Clinical follow up 
was done immediately at 1 week after implant placement for 
any sign of swelling or infection and later at 6 months.  

Pain was evaluated using visual analogue scale 
(VAS) from 0 to 10 (''0'' is pain free and ''10'' is extremely 
painful).  
Radiographic evaluation 
Cone beam computed tomography (CBCT) was done at 
immediate and 6 months post-operatively to assess the actual 
implant position and measure bone width and density around 
implants. 
Efficacy of the surgical guide was evaluated by a software with 
the aid of the pre and postoperative CBCT. The preoperative 
virtual plan was merged with the postoperative CBCT to define 
the deviations between the planned and placed crestal split and 
implants. 
Evaluation of accuracy  
Evaluation of accuracy of implant placement was done using 
Mimics Innovation Suite 19 ™ software. The Preoperative 
virtual planning was superimposed to the postoperative CBCT 
imaging to measure the vertical (V), angular (A), and 
horizontal deviations at coronal (C) and apex (Ap) sides of the 
implant, between the virtually planned and actually inserted 
implants (Figure 5) (16).  
Prosthetic Protocol 
6 months post-operative CBCT was done. (Figure 6A) 
Loading of the prosthesis was done 6 months postoperatively. 
(Figure 6B) 
Statistical analysis 
Data were analysed using IBM SPSS software package 
version 20.0. (Armonk, NY: IBM Corp). Qualitative data were 
described using number and percent. The Kolmogorov-
Smirnov test was used to verify the normality of distribution 
of the data. Quantitative data were described using range 
(minimum and maximum), mean, standard deviation and 
median. The data compared were the position of the dental 
implant between the preoperatively virtually planned one and 
the actual implant placement position postoperatively with 
superimposition through comparing the angular and horizontal 
deviations. The used tests were ANOVA with repeated 
measures for normally distributed quantitative variables, to 
compare between more than two periods or stages, and Post 
Hoc test (LSD) for pairwise comparisons. Significance was set 
at a value of p<0.05. 

 
Figure (1): Interchangeable surgical guide. 
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Figure (2): A) Universal Smart surgical kit. B) Piezotome 
mectron. C) Crest Splitting Tips.OT7. D) Ridge spreader kit 

 
Figure (3): The treatment plan and the surgical stent were 
designed using Mimics Innovation Suite 19 ™ software. 

 
Figure (4): A) Stent on ridge. B) Blade guide. C) Drilling 
guide (initial drill). D) Piezotome osteotomy guide. E) Split 
chisel guide. F) Expansion with expanders (RS KIT). G,H) 
Implant-insertion. 

 
Figure (5): Sagittal and 3D views of a CBCT showing the 
actual implant in blue and the virtual one in red. 
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Figure (6): (A) Sagittal and axial views showing 6 months 
post-operative CBCT. (B) Final restoration. 

 
RESULTS 
A total five patients (3 females and 2 males) with 8 implants 
placed with minimally invasive technique assisted with an 
interchangeable surgical guide, were included. Their ages 
ranged from 20 and 40 years with an average of 31 years. The 
distribution of implant positions in the maxilla was 2 implants 
for maxillary central incisors and 6 implants for maxillary 
lateral incisor while no implants for maxillary canine. 
Clinical evaluation 
Regarding postoperative pain, two patients experienced mild 
pain (VAS=4) at the surgical site that subsided in two days, 
while the other three patients experienced no pain (VAS=0). 
The operative time ranged from 15 to 45 minutes with an 
average of 25 minutes per implant. Other than mild hematoma 
in one patient that improved in two weeks, all subjects had a 
smooth postoperative course with no  infection, gingivitis, or 
peri-implantitis.  
Radiographic evaluation 
Accuracy of implant placement  
Angular, horizontal (coronal and apical) and vertical 
deviations, were measured for each of the 8 implants placed 
after superimposition of the postoperative CBCT to the virtual 
plan. The data for all measurements, averages, standard 
deviations were presented in table 1. 
 

Evaluation of angular deviation 
Results showed that Angular deviations between the long axis 
of the planned implants to the virtual implants (A) had a range 
of 0.51- 4.52 degrees with an average of 2.61 ± 1.46 degrees. 
Evaluation of the coronal deviation 
The mean value of the horizontal deviation at the coronal side 
(C) of the implant was 0.70 ± 0.46 mm with a range of 0.20-
1.35 mm. 
Evaluation of apical deviation 
Horizontal deviations at the apex of the implants (Ap) had a 
range of 0.66-1.70 mm with an average of 0.98 ± 0.35 mm. 
Evaluation of vertical deviation. Vertical deviations of the 
implants (V) had a range of 0.10- 0.90mm with an average of 
0.39± 0.29 mm. 
Evaluation of Bone 
1-Bone width was assessed preoperatively, immediate 
postoperatively and at 6 months postoperatively as shown in 
Table 2. There were statistically significant differences between 
preoperative, immediate postoperative and 6 months 
postoperative values of bone width. Also, the immediate 
postoperative and 6 months postoperative values revealed a 
statistically significant difference. 

The mean value of bone width measured 
preoperatively was 4.22 ± 0.62 mm with a minimum value of 
3.3mm and a maximum value of 4.98mm. The immediate 
postoperative mean value was 6.18 ± 1.15 mm with a 
minimum value of 4.32 mm and a maximum value of 7.59 
mm. Percentage of change is 45.71 ± 10.74%. At 6 months 
postoperatively, bone width was 6.58 ± 1.16mm with a 
minimum value of 5.10 mm and maximum value of 8.13 mm. 
Percentage change from preoperative measurement is 55.54 ± 
9.75%.  
2-Bone density  
All measurements of bone density; preoperative, immediate 
postoperative and 6 months postoperative are summarized in 
Table 3. There were statistically significant differences at 
preoperative, immediate postoperative and at 6 months 
postoperative follow up intervals.  

Bone density measured preoperatively was 435.55 ± 
149.05HU with a minimum value of 236.26HU and a 
maximum value of 699.43HU. Immediate postoperative bone 
density was 705.56 ± 168.62HU with a minimum value of 
527.88HU and a maximum value of 958.33HU and a 
percentage change of 73.37 ± 47.17%. 6 months postoperative 
bone width was 1170.82 ± 153.12HU with a minimum value 
of 975.22HU and a maximum value of 1389.73HU and a 
percentage change of 193.6 ± 87.91%.  
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Table (1): Descriptive analysis of the studied implants 
according to different parameters (n = 8)  

No. Vertical Angle Apex Coronal 

V (mm) A(°) Ap(mm) C (mm) 
1 0.60 0.51 0.70 1.20 
2 0.51 0.82 1.16 1.35 
3 0.10 3.77 0.97 0.45 
4 0.10 4.52 1.70 1.11 
5 0.30 3.77 0.70 0.20 
6 0.90 3.20 0.82 0.57 
7 0.48 2.52 1.15 0.50 
8 0.10 1.80 0.66 0.20 
Mean 0.39 2.61 0.98 0.70 
SD. 0.29 1.46 0.35 0.46 
Median 0.39 2.86 0.90 0.54 
Min. 0.10 0.51 0.66 0.20 
Max. 0.90 4.52 1.70 1.35 

 
Table (2): Comparison between the different studied periods 
according to bone width (n = 8)  

Bone Width Pre-
operative 

Post-operative 

F p  
Immediately 

6 
months  
 

Min. – 
Max. 

3.33 – 
4.98 4.32 – 7.59 5.10 – 

8.13 

96.053* <0.001* Mean ± 
SD. 

4.22 ± 
0.62 6.18 ± 1.15 

6.58 ± 
1.16 
 

Median  4.24 5.82 6.11 
 

% of 
change  ↑45.71 ± 

10.74 
↑55.54 ± 

9.75   

Sig. bet. 
periods p1<0.001*,p2<0.001*,p3=0.001*   

F: F test (ANOVA) with repeated measures, Sig. bet. periods was 
done using Post Hoc Test (LSD) 
p1: p value for comparing between pre-operative and immediately 
post-operative 
p2: p value for comparing between pre-operative and 6 months post-
operative 
p3: p value for comparing between immediately post-operative and 6 
months post-operative 
*: Statistically significant at p ≤ 0.05 
 
Table (3): Comparison between the different studied periods 
according to bone density in HU (n = 8) 

Bone 
density in 

HU 

Pre-
operative 

Post-operative 

F p 
Immediately 

6 
months  
 

Min. – 
Max. 

236.26 – 
699.43 

527.88 – 
958.33 

975.22 
– 

1389.73 

85.661* <0.001* Mean ± 
SD. 

435.55 ± 
149.05 

705.56 ± 
168.62 

1170.82 
± 
153.12 
 

Median  444.88 638.55 1141.11 
 

% of 
change  ↑73.37 ± 

47.17 
↑193.6 
± 87.91   

Sig. bet. 
periods p1=0.003*,p2<0.001*,p3<0.001*   

F: F test (ANOVA) with repeated measures, Sig. bet. periods was 
done using Post Hoc Test (LSD) 

p1: p value for comparing between pre-operative and immediately 
post-operative 
p2: p value for comparing between pre-operative and 6 months 
post-operative 
p3: p value for comparing between immediately post-operative and 
6 months post-operative 
*: Statistically significant at p ≤ 0.05 

DISCUSSION 
Despite the great advancement and improvement in implant 
dentistry, still the narrow alveolar ridge constitutes a major 
obstacle and challenge for most clinicians. Various methods to 
augment the inadequate ridge have been advocated, of which, 
the ridge splitting technique gains popularity in such ridges 
with adequate height (4). 

The current study presented a minimally invasive 
technique of ridge splitting guided with 3D designed surgical 
guide to augment the deficient alveolus in 5 patients with 
simultaneous 8 implant placements. 
 In our case series, the surgical guides were well 
placed over the reduced ridge therefore, obviating the use of 
anchor pins due to the presence of teeth, which prevented 
rotation and rocking of the guide during the drilling process. 

In this case series, two patients underwent one 
implant inserted on each side, operated in 15 minutes. The 
other three patients underwent two implants, in a considerable 
time ranging from 15-45 minutes. 

From the results of the current study, the mean value 
of deviations were better than those reported in previous 
reports, including the angular (17, 18), horizontal deviation at 
coronal (17, 19), and apex sides (17-21). Furthermore, the 
analysis of our results demonstrated that the horizontal 
deviations at the apical sides were higher compared to those at 
the coronal sides. This could be related to the greater control 
on the implant from the coronal part. Therefore, we assume 
the accuracy of the interchangeable guides presented in the 
current study was is accepted within the range of results of 
previous reports. Although, achieving better outcomes in the 
current study, still minor deviations were recorded that could 
be related to inaccurate planning, improper placement of the 
guide over the ridge, acquisition of tomographic image and 
improper guide fixation, in addition, minor mechanical errors 
due to use of bone expanders. Another critical factor sharing 
in the summation of errors is also encountered during different 
steps of manufacturing of the guide including, simulation, the 
accuracy of the stereolithography, physical properties of the 
material of the guide, and verification of the guide (22). 
Among all errors involved, the most critical is the inherent 
error arising from the mechanical component tolerance in the 
surgical guides (23). 

Reviewing the literature, fewer reports have 
investigated the potential errors with inherent limitations of 
stereolithographic guides. However, it is still of great 
importance to investigate such errors and different mechanical 
contributing factors affecting the accuracy of positioning of 
the surgical guide in order to manufacture a guide with higher 
accuracy and stability and without displacement during the 
drilling  (23). 

It is well known in the field of virtual planning that 
errors add together in a cumulative way; so minor errors in 
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different stages of planning augment till the final larger error 
is the scene. Accordingly, the most crucial point while 
planning a virtual design is the deviation value. As such, in 
order to increase the accuracy of virtual planning and reduce 
the errors reported, the surgeon should pay an attention to 
different types of errors, their timing and order in the 
procedure, and most importantly, the source of such errors, in 
order to avoid their occurrence. Various steps of the planning 
procedure have to be carefully considered to decrease such 
errors, including; patient movements while having CBCT 
scanning, and fitting during placement of the surgical guide 
(24). 

The virtual planning technique is now gaining much 
popularity in the field of implantology, with a considerable 
reliability and success rate, although still some limitations are 
being encountered (25). The presented ridge splitting guided 
with 3D template achieves a significant increase in bone width 
and density at immediate and at 6 months postoperatively, 
such an important finding signifies the fact that this technique 
has a constant and reliable outcomes and avoids ongoing 
future bone resorption.  

In the present study, the screw expanders were 
applied instead of the conventional osteotomes to expand the 
ridge and bone condensation preparing for implant placement. 
This alternative use of screw expanders allows for non-
traumatic procedure that is reflected on minimizing the errors 
and enhancing the accuracy, through improving stability, 
maintaining density of bone and enhancing fixation. In 
addition, this leads to successful osseointegration owing to 
perfect bone condensation around the placed implant (26).  
Manual screwing of the expanders is crucial in increasing the 
accuracy during the cortical approach. This method is not operator 
dependent and reduces the onset of adverse outcomes that result 
from hammering with traditional osteotomes (26). The screwing 
effect itself is responsible for the significant increase in bone width 
and density immediately after surgery. 

The mean values of gained bone width were recorded 
immediately and 6 months postoperatively. The mean bone 
width value immediately postoperative was found to be 6.18 ± 
1.15 mm which was statistically significant).This shows that 
this technique shows noticeable and significant increase in 
bone width immediately postoperative. At 6 months 
postoperatively, the bone width value was 6.58 ± 1.16 which 
was statistically significant when compared to preoperative 
values but with no significance in comparison to immediately 
post-operative value. This clarifies that the present technique 
keeps the achievement gained immediately postoperative 
therefore avoiding further bone resorption. 

The current study poses several advantages. First, the 
procedure saves a lot of time and avoids the use of larger flaps 
due to the minimally invasive nature of the technique. Second, 
minimal dissection preserves the periosteum, therefore, less 
bone resorption. Third, reduced bleeding results in minimal 
postoperative discomfort, and better satisfaction of the patient 
with the procedure (27). Forth, most importantly, is the use of 
the interchangeable surgical guide, which helps to guide the 
osteotomy precisely and meanwhile aids an accurate 
placement of dental implants. Therefore, the interchangeable 

surgical guide serves a dual function which saves time and 
increases the accuracy. 

In addition, in computer-guided surgery, the accuracy 
of the procedure is less affected by the surgeon skills in 
comparison to the traditional technique (28). Moreover, the 
conventional technique shows various drawbacks as a result of 
over dissection of the tissues during flap raising including 
infections, dehiscence, and necrosis (29). Regarding bone 
resorption, the soft tissue flap is important for implant 
placement for sake of bone contact (30). Nevertheless, when 
bone quantity is adequate for implant placement, the flap is 
then unnecessary due to higher morbidity and patient’s 
discomfort (30). 

Although this method shows plenty of advantages, 
still this study has some limitations. First, the current study is 
based on a small sample size, hence the need for a further 
research with larger sample size to comprehensively advocate 
the outcomes with less bias. Second, the follow up period is 
relatively short. Third, the current report did not focused on 
evaluation of different implant stability and longevity 
parameters. Accordingly, we need to address a prospective 
clinical study including larger sample size with longer term 
follow up. 

To summarize, this report introduces a ridge splitting 
technique assisted by an interchangeable guide which helped 
an accurate incision, osteotomy and drilling, guided by the 
slots in the surgical guide. 

 
CONCLUSIONS 
From the outcomes of the current case series, the 3D guided 
ridge splitting procedure is a reliable method that helps to 
augment the inadequate ridge with an enhanced accuracy. 
Being minimally invasive, this technique aids to preserve the 
periosteum therefore reducing postoperative complications. 
Moreover, the guided ridge splitting achieves better outcomes 
regarding bone width and density. 
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