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Abstract  
 

Vertical bone atrophy in the mandible is a challenge when inserting dental implants. In situations where less than 3 mm 

of residual bone is present but both vestibular tables remain intact, a mandibular split technique can be used. It is a highly 

predictable and easy to perform technique although borderline situations such as those shown in the present clinical case 

series with less than 3 mm bone width may be less unpredictable in terms of outcome and long-term implant survival. 

Therefore, we show a series of extreme cases treated with a technique of splitting, biological reaming and matching of 

the implant to the recipient bed, which achieves lasting results ten years later. 
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INTRODUCTION 
Horizontal extreme bone atrophies (3 mm in 

width or less) in both the mandible and maxilla are 

complex cases that must be approached with a carefully 

designed treatment protocol that will generate sufficient 

residual bone volume for the successful insertion of 

implants [1-4]. To recover this volume, different 

surgical techniques with greater or lesser complexity 

are available, with less invasive approaches being 

gradually developed. The main techniques used for this 

purpose in the case of horizontal atrophies are guided 

bone regeneration techniques, ridge expansion, split 

crest technique, block grafts and, in very complex 

cases, bone distraction [5, 6]. Each of the techniques 

has its own indications, and sometimes several of them 

may be needed in the same patient to achieve a 

complete regeneration or at least to allow the insertion 

of implants in a predictable way. There are substantial 

variations in the quality and quantity of bone volume 

within the same arch of the same patient, as well as 

areas where, in addition to width, bone blocks have 

been completely or partially lost, which changes the 

approach to the technique to be implemented [7-10]. In 

general, the technique selected as associated with lower 

morbidity and shorter waiting time for the resolution of 

the case in situations of horizontal atrophy is the ridge 

split, although it should be considered that the presence 

of the two bone plates (vestibular and lingual) must be 

preserved intact [11-14]. This technique consists of the 

mechanical separation of both corticals, thereby 

creating a space in the trabecular between the two 

plates, which is then displaced for the insertion of an 

implant in this area [15-19].
 

Once the implant is 

inserted, the resulting gap or space between the plates 

that is not occupied by the titanium of the implant can 

be filled with different osteoinductive or conductive 

materials, generally to achieve new bone formation in 

this area [20, 21]. It is also a highly predictable 

technique, since the formation of new bone in the gap 

generated by the expansion procedure, is considered a 

favorable defect, since one cortical cortex is only a few 

millimeters away from the other and the fracture has a 

high osteogenic potential [21-24]. For this reason, it is 

often used with a high frequency in situations of 

atrophy, especially in areas such as the mandible where 

other more complex approaches often fail due to the 

presence of less vascularization and cellularity in the 

residual bone, which hinders the integration of block 
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grafts or bone neoformation in guided regeneration 

techniques [25].  

 

Most of the published studies on the survival 

of implants placed by this technique state that they have 

a similar survival to implants inserted in a conventional 

way without accessory techniques [12, 26].  

 

Mandible cases are less frequent and when 

performed in the posterior sector (molar area) where the 

bone is less distensible, they usually have a worse 

prognosis because cortical fractures are much more 

frequent [27, 28]. To avoid this side effect that 

compromises the technique and the survival of the 

implants, the two-stage split technique has sometimes 

been described, which allows a controlled expansion in 

two minimally invasive surgical procedures. This 

technique described by our study group has shown good 

results even in areas with extreme horizontal atrophy 

[29, 30]. For this purpose, a first expansion is 

performed by placing a transitional implant that 

maintains a minimum level of separation between plates 

and allows the formation of new bone in this gap. 

Subsequently, the implant is removed, and a second 

expansion is performed. If this expansion were to be 

performed only once, the risk of the critical defect being 

large enough to obtain poor results in the genesis of 

new bone, as well as complications of the forced 

separation of the plates that would generate fracture 

would be high. For this reason and to achieve an 

improvement in the insertion axis of the secondary 

implant, the two-stage split technique is an alternative 

for the most extreme cases 3 mm or less of bone crest 

[29, 30].  

 

The present study aims to retrospectively 

analyze implants placed in mandibular posterior sectors 

using the two-stage ridge split technique in areas with 

residual bone volume ≤ 3 mm with a follow-up time of 

10 years. 

 

MATERIAL AND METHODS 
A retrospective case series of patients treated 

in the dental clinic in the period 2009-2010 were 

analyzed in which implants were placed in posterior 

mandibular sectors using the two-stage split crest 

technique and the residual bone volume was ≤ 3 mm. 

All patients were evaluated prior to implant insertion by 

means of diagnostic models, intraoral examination, and 

dental CT (Cone-beam), subsequently analyzed by 

means of specific software (BTI-Scan II). Before the 

insertion of the implants, an antibiotic pre-medication 

consisting of amoxicillin 2g orally one hour before the 

procedure and paracetamol 1g orally (as an analgesic) 

was used. Subsequently, patients were treated with 

amoxicillin 500-750 mg orally every 8 hours (according 

to weight) for 5 days. The surgical technique was the 

same for all patients, consisting of: Anesthesia, 

elevation of a full thickness mucoperiosteal flap, initial 

drill at high revolutions with irrigation for marking the 

area where the implant will be placed, and subsequent 

attachment of the initial incisions with ultrasound 

(ultrasonic scalpel). Subsequently, expansion is 

performed to separate the ridges (vestibular and lingual) 

with the motorized expanders. This generates enough 

space for the insertion of the transitional implant. 

Finally, the gap located between the plates is filled with 

freshly activated PRGF-endoret fraction 2 (clot) and a 

vestibular overcorrection can be performed with 

autologous bone obtained from the drilling if available 

or obtained with a bone scraper, embedded in PRGF-

Endoret. When the overcorrection and the transitional 

implant are placed, everything is covered with activated 

and retracted PRGF-Endoret fraction 1 fibrin 

membranes. Once the integration time has elapsed, the 

transitional implant is removed, and the definitive 

implant is placed in the same bed and with angulation 

correction (Figure 1). 

 

Data collection was performed by two 

independent examiners (different from those 

responsible for the prosthetic or surgical phase). All the 

data were entered into a database that was managed by 

computer for statistical analysis.  

 

The implant was the unit of analysis for 

descriptive statistics in terms of location, implant 

dimensions, and radiographic measurements. The 

patient was the unit of measurement for the analysis of 

age, sex, and medical history. The primary outcome 

was implant survival and secondary variables were 

mesial and distal bone loss and final bone crest height 

achieved after insertion and loading of the implants. In 

addition, the bone gain achieved was analyzed. For this 

purpose, the initial ridge was measured in a dental cone-

beam performed in the planning phase. Thereby, a line 

was established from the most apical area of the ridge to 

the junction between the basal and the alveolar bone. 

This line divided the residual ridge into two 

symmetrical segments in the anterior-posterior 

direction. In the central area of this line, a line was set 

perpendicular to the first line where the initial 

measurement of the ridge was taken. This procedure 

was subsequently repeated in the Cone-beam performed 

after the integration of the transitional implant and 

before the insertion of the definitive one. A Shapiro-

Wilk test was performed on the obtained data to 

confirm the normal distribution of the sample.  

 

For the analysis of the difference between the 

initial and final measurements, a t-student test was 

performed for paired samples. The significance level 

was established for a p <0.05. Implant survival was 

calculated using the Kaplan- Meier method. Data were 

analyzed with SPSS v15.0 for windows (SPSS Inc., 

Chicago, IL, USA). 

 

RESULTS 
A total of 12 patients were recruited and 16 

implants were inserted with the ridge split technique 
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and width of ≤3 mm. Forty percent of the patients were 

women, with a mean age of 69 +/- 5.3 years (range 57 

to 72 years). None of the patients were smokers or 

suffered from pathologies that could have negative 

repercussions on the bone expansion surgery or on the 

survival of the implants. The mean initial ridge width 

was 2.59 mm (+/- 0.3). The length of the implants 

studied ranged from 7.5 to 11 mm, the most frequent 

lengths being 8.5, 10 and 11 mm, with 25% of the cases 

each one. The diameter of the implants studied ranged 

from 2.50 to 3.75 mm, the most frequent being 3, 3.3 

and 3.5 mm with a ratio of 25% for each of them. 

Regarding the implant insertion position, the most 

frequent one was the 34th piece with 25% of the cases, 

followed by the 35th position with 18.8%. The bone 

type of most of the implant insertion sites was type II in 

81.3% of the cases, and type II for the rest of them. The 

mean mesial bone loss for all implants was 0.9 mm (+/- 

0.8) and the mean distal bone loss was 1.2 mm (+/- 0.9). 

The follow-up time of the implants studied was 128 

months (+/- 8 months), with no implant or prosthesis 

failures observed during the follow-up time. 
 

The final width of the ridge in the areas 

studied was 4.7 mm (+/- 0.9), which represents an 

increase in width of twice the initial one in 80% of the 

cases. The remaining 20% represents an increase of the 

initial 1.5%.  
 

Images 2- 12 show one of the cases included in 

the study.  

 

 
Figure 1: Two-stage ridge split technique. A) Marking with the initial drill on the ridge. This drill is used at high rpm with irrigation. B) Use of 

the motorized expander to generate a bone bed for the transitional implant. C) Insertion of the transitional implant and overcorrection with 

autologous bone embedded in PRGF-Endoret. D) Once the receptor bone has matured, the transitional implant is removed. The post-

extraction socket is irrigated with PRGF-Endoret before placing the new definitive implant. E) Placement of the definitive implant. F) Inserted 

implant and application of autologous fibrin membranes covering the surgical site. 
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Figure 2                                                          Figure 3 

Figures 2 & 3: Dental cone beam planning images of the area corresponding to the lower mandibular first premolars of the case. An 

extreme horizontal atrophy can be observed, and the insertion of transitional implants is planned after an initial split. 

 

 
Figure 4                                                 Figure 5 

Figures 4 & 5: Images of the initial split with the placement of the transitional implant 

 

 
Figure 6                                                       Figure 7 

Figures 6 & 7: Initial and final image of the two-stage expansion sites after first-stage consolidation with the transitional implant and 

overcorrection with autologous bone 

 

 
Figure 8                                                Figure 9 

Figures 8 & 9: Clinical image of re-entry in which both soft and hard tissues with a complete controlled expansion can be observed. At 

this point the implant is replaced 
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Figure 10                                              Figure 11 

Figures 10 &11: X-ray of the progressive loading prosthesis after insertion of the definitive implant and placement of the 

definitive prosthesis at 3 months 

 

 
Figure 12: X-ray at 10 years. The stability of the treatment can be observed 

 

DISCUSSION 
The Split-crest technique for the rehabilitation 

of sectors with horizontal bone atrophy is widely used 

in implant dentistry nowadays, being the mandibular 

posterior areas the most difficult to rehabilitate due to a 

corticalized bone with less possibility of distension and 

less vascularization to generate the union between the 

two corticals once the technique has been carried out 

[5]. When the cortex is fractured during the process, 

there is a risk of fragment detachment and associated 

crestal bone loss. When this happens, the mobile or 

detached fragment can be immobilized by means of 

osteosynthesis screws, but the risk of bone loss in the 

implants or reduced bone gain in width is increased 

[27]. As a result of this limitation and the rehabilitation 

axis of the implants inserted by means of the 

conventional split, the two- stage expansion technique 

was developed by means of a transitional implant 

described by our study group [29, 30]. With this 

technique, horizontal expansion of the bone volume in 

two phases is achieved, being predictable and obtaining 

favorable bone crests for the insertion of a definitive 

implant and preservation of the peri-implant bone after 

surgery and loading [29, 30].  

 

Implants inserted using the conventional ridge 

split technique in mandibular posterior sectors, such as 

the cases reported in this study, have a survival rate of 

around 95% [4, 5, 16, 22], the same as those inserted 

using two-stage expansion, such as those published by 

our study group, which are in the 98-100% range [29, 

30]. 

 

This study has also reported a final ridge of 4.7 

mm like that of the conventional split technique or to 

other regeneration procedures in horizontal atrophies, 

such as the branch block graft, although this technique 

presents greater complications [5, 31, 32].  

 

The absence of failures during the follow-up 

period, in this case 10 years, indicates that the two-stage 

split is a predictable technique, which can be used in 

cases of extreme horizontal resorption even in the 

mandible and posterior sector as the cases shown. 

 

CONCLUSIONS 
In cases of extreme bone atrophy in posterior 

mandibular sectors, a technique that can guarantee 

sufficient width gain to ensure the integrity of the 

implants placed, such as the two-stage split, can be an 

option. In addition to ensuring a correct axis of insertion 

of the final implant, this technique provides simplicity 

in handling and excellent predictability. 
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