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Introduction: Among many techniques advocated for the horizontally deficient alveolar ridg-

es, ridge split technique has many advantages.

Materials  and Methods: Here, the main treatment management strategy of the horizontal-

ly collapsed ridges, the ridge split approach, is discussed in detail according to our new ridge width 

classification, with the goal of assisting an operator in choosing the proper bone augmentation 

technique. 

Results: Success rate was more than 97 percent with using our protocol in treatment of cases in 

this study.

Conclusion: Choice of the technique is dependent ultimately on operator experience and sur-

gical comfort. The ridge split has many advantages, including lack of donor site morbidity and graft 

stability over time.
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                           Introduction

With tooth loss, the alveolar bone undergoes an 
irreversible and progressive process known 
as resorption, ensuring an unfavorable loss 

of bone width and height. As a result the ideal three di-
mensional (3D) implant placement may be compromised. 
Different bone augmentation techniques are employed to 
increase the residual ridge height and width so that the 
implant can be placed in the ideal three dimensional (3D) 
and restoratively driven position. It has been shown that 
although bone collapse after tooth loss is usually three di-
mensional (3D), horizontal deficiency or width loss devel-
ops to a larger extent [1-2]. Alveolar width deficiency can 
represent loss of buccal (labial), cortical,medullary bone 
or both. Deficiency of the buccal cortex (cortical plate) 

after tooth extraction can present significant difficulty in 
implant reconstruction [3-4]. The buccal cortical plate 
with a thickness of 2 mm next to an implant appears to 
have a higher risk of subsequent resorption [5]. A variety 
of implant driven bone augmentation techniques for the 
deficient alveolar bone have been proposed [6-8]. Four of 
these techniques are frequently performed [1] guided bone 
regeneration (GBR)/particulate bone grafting [9,10], [2]. 
Onlay block bone grafting with intraoral source such as 
chin, ramus, posterior mandible, zygomatic buttress and 
maxillary tuberosity [11-13] , [3] ridge split/bone grafting 
procedure [14-16] and [4] alveolar distraction osteogene-
sis [17-19].
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Most of these techniques are designed to improve hor-
izontal bone loss before or simultaneously with dental 
implant placement. This article categorizes ridge split/
bone graft treatment augmentation techniques for hor-
izontally deficient alveolar ridges according to our new 
classification for the alveolar ridge width. 

Material and Methods

Assessment of the alveolar ridge before initiation of the 
treatment plan is important to establish a proper di-
agnosis. Initial clinical evaluation supported by radio-
graphic images helps to distinguish two dimensional 
(2D) versus three dimensional (3D) alveolar bone defi-
ciencies. Alveolar bone should be assessed clinically for 
a rough width and height analysis and inter arch occlu-
sal relationships. Alveolar width can be measured with 
different calipers on top of the thin mucosa or by ridge 
mapping through it. Panoramic (2D) images are often 
sufficient. In some implant cases a three dimensional 
(3D) or volumetric bone evaluation with cone beam 
computerized tomography (CBCT) is needed.

Classification of the alveolar ridges:

Bone resorption is one of the most important conse-
quences that occurs following tooth loss. After tooth 
loss, tensile and compressive forces on the alveolar 
ridge are eliminated and this cause alveolar ridge re-
sorption. The alveolar ridge undergoes accelerated 
bone loss within the first year of tooth extraction. Re-
sorption of mandibular bone occurs at a faster and 
greater extent than maxillary bone. Posterior mandib-
ular alveolar ridge resorbs four times faster than that of 
the anterior mandibular alveolar ridge.

In 1988, Cawood and Howell [20] suggested an 
anatomic classification of the edentulous jaws for pre-
prosthetic surgery. It proposed six classes and detailed 
the changes that the edentulous alveolar process in the 
anterior and posterior maxilla and mandible undergo 
after teeth extraction (the pattern of resorption). In 
1989, Jensen [21] proposed an implant driven site clas-
sification by bone quality and quantity and proximity 
to vital structures. In 2002, Wang and Al-Shammari 
[22] described a practical (therapeutically oriented) 
classification of alveolar ridge defects, that is, horizon-
tal, vertical, and combination defects, proposing the 
edentulous ridge expansion approach (ridge-split) for 
the horizontal and combination defects of the alveolar 
ridge. 

Here we present a classification based on the remaining 
height and width of the alveolar bone (according to 
cone beam computerized tomography (CBCT) mea-
surements), hard tissue intervention technique and 
the different types of implants that can be utilized. 
In class A (Abundant bone) alveolar bone is favor-
able (width>6mm, height>13mm).  No intervention is 
needed. Root form implants are suggested.

In Class B (Barely sufficient): remaining alveolar bone 
has 2.5 to 5 mm width and more than 13 mm height. 
In these cases bone has atrophied mildly to moderately. 
A variety of interventions can be employed such as: 
reducing 2mm of residual alveolar bone height (oste-
otomy), increasing alveolar bone width with inter po-
sitional grafts, block bone grafts, GBR, alveolar ridge 
splitting technique, or utilizing mini or blade implants.  
Osteotomy and osteoplasty can be used in class I & 
class II of the Kennedy classification. It is important to 
evaluate bone density carefully before osteotomy. By 
reducing cortical bone primary stability of implants 
will be questionable.

Using mini implants is another option for treating 
these kinds of cases. Althoughthe surgery process is 
simple; horizontal and vertical forces on mini implants 
are more destructive. Aesthetics and hygiene are com-
promised, too. Sometimes for a molar tooth substitu-
tion of two mini implants are needed, so the cost to the 
patient is higher.

If the remaining bone width is between 2.5 to 4 
mm onlay bone grafts can be used. Grafts can be har-
vested from an intra-oral source (chin, retro-molar re-
gion, coronoid process and tuberosity) or an extra-oral 
source (hip, skull, ribs). Requiring a second site for 
graft harvest, donor site morbidity and lengthening of 
treatment procedure are problems that can occur with 
this method. When the remaining alveolar ridge is nar-
row, blade implants are helpful. Cavity preparation for 
blade implants is different. Prognosis of these types of 
implants is poor and failure probability is high. GBR is 
another way to treat these kinds of alveolar ridges. Au-
tologous or autogenous bone grafts with membrane are 
used to cover implants surfaces. Stability of implants 
and grafts is crucial.

Class C (compromised bone): This group is more com-
mon on mandibular and posterior maxillary alveolar 
ridges. Implanting is a routine treatment in these re-
gions.

a) C
h
: If alveolar bone height is less than 10 mm it is 
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called “C
h
”. “C

h  
is more common on the posterior max-

illary alveolar ridge because of pneumatization.

b) C
w
: If alveolar bone width is less than 2.5 mm but 

height is sufficient it is called “C
w
”.

In “C
w
” cases treatment options are: converting “C

w
” 

to “C
h
” type by osteoplasty, or using onlay grafts. For 

“C
h
” type alveolar ridges subperiosteal implants, ridge 

augmentation techniques, ramus frame implants and 
transosteal implants can be utilized. Class D (Deficient 
bone): alveolar process resorbs completely and basal 
bone atrophies too. Muscular and facial deformity oc-
curs. Before any treatment basal bone height and width 
reconstruction is required (Chart 1).

Alveolar ridge splitting technique (ASRT):

This technique is the most effective way to treat narrow 
ridges. ASRT seems to be a well-functioning one-stage 
alternative to extended two stage horizontal grafting 
procedure.

This technique follows two goals:

1. Increasing alveolar bone’s width and inserting im-
plants simultaneously.

2. Improving implant’s position.

In this technique bone cuts and different bone ex-
pander instruments are employed to increase the defi-
cient alveolar ridge’s width. Our experience shows that 
performing ASRT technique depends on the alveolar 
ridge’s form and shape; each form of alveolar ridge calls 
for a special corticotomy technique. To perform ASRT, 
bone cuts can be placed anywhere but in the authors’ 
opinion each form of alveolar ridge calls for a specific 
corticotomy technique. Here we tried to put each alve-
olar ridge’s form and its specific corticotomy technique 
in a category. This category is provided for the treat-
ment of alveolar ridges with a mean width of 2.5 to 4 
mm and more than 13 mm height by ASRT. 

Class A Class DClass CClass B

Compromised bone: C
h
:                       

- height<10mm - suffi-
cient         width 

Abundant bone:

Width > 6mm 
height>13mm
 Length>7mm

Compromised bone: C
w
 :                         

-width<2.5mm  - sufficient 
height  

Deficient bone: 
Basal bone is 

resorbed

Barely sufficient:

Width: 2.5-5mm
Height>13mm

OR

No intervention

1.Osteoplasty

2. Onlay graft

Horizontal and 
vertical bone 

augmentation by 
surgery

1. Ridge augmentation1. Osteoplasty: 2mm height reduction 
: cl I&II 

2. Interpositional grafts
 (2.5-4mm width) 

3. Block bone graft. 
                   4. GBR   

                   5. Ridge split  Root form implant. Root form implant
2.Subperiosteal implant

3. Ramus frame implant

4. Transosteal implant

Root form implant. Root form implant.

6. Mini implants: cl I & II & III.   

          7. Blade implants.             

OR

Root form implant
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New categorization for type B alveolar ridges:

In this new categorization, type B alveolar ridges (as 
it discussed above) can be divide into four groups (in 
apico-coronally portion) (Fig 1 and 2).

Class I: Alveolar ridge is in a pyramidal shape. The 
coronal segment is narrower than apical segment. This 
type of alveolar ridges occasionally forms after primary 
bone resorption.

Class II: In this group a coronal segment of the alve-
olar ridge resorbs more than the apical segment. This 
type of alveolar ridge is usually the result of traumatic 
extractions; especially when the buccal plate has been 
damagedduring extraction. .

Class III: Resorption process affects both the apical 
and coronal segments equally. The alveolar ridge is in 
a U shape; it has adequate height but insufficient width 
(B

w
).

Class IV: The apical segment resorbs more than the 
coronal segment because of a pre-extraction priapical 
lesion. ASRT can’t be employed for these types of alve-
olar ridges.

In the horizontal portion, the remaining alveolar bone 
is classified into four groups (Fig 3).

Class A: Edentulous alveolar bone is symmetrical.

Class B: Bone resorption in the mid-buccal region of 
edentulous area is greater than other sites.

Class C: Buccal cortical bone has resorbed more beside 
the adjacent tooth.

Class D: Resorption of buccal and lingual surfaces of 
the alveolar bone is distinct. This type usually occurs 
when alveolar bone was unable to grow because of a 
missing tooth (Fig 4).

Surgical Phase

After reviewing the patient’s medical and dental his-
tory; the attached gingiva’s width, clinical and radio-
graphical characteristic of the alveolar ridge, interarch 
space and occlusion should be assessed.

1. Flap design: before the performance of a mucoperi-
osteal flap the attached gingiva’s width should be evalu-
ated. If the attached gingiva’s width is more than 3mm, 
a flap should be performed on the middle of the crestal 
bone. If the attached gingiva has less than 3 mm width, 
a 1.5-2 mm segment of attached gingiva should be pr-

served on the buccal surface of the alveolar bone. A 
papillary preservation flap is suggested. A releasing in-
cision is not common, but if it is necessary to perform, 
it should be originated 1mm away from the adjacent 
tooth and continued 5mm beyond the adjacent tooth’s 
apical region. The Buccal flap is reflected by a perioste-
al elevator (Fig 5).

2. Ridge flattening: after flap reflection, remnant colla-
gen fibers should be removed from the alveolar bone 
surface. For alveolar ridges with a width of more than 
2.5 mm, smoothening of the alveolar bone is sufficient. 
If the alveolar ridge is less than 2.5 mm in width, the 
height should be reduced till 2.5 mm width is estab-
lished (Fig 6).

3. Corticotomy: after flattening of the alveolar bone, 
cortical bone cuts are performed based on the alveolar 
ridge type in a horizontal portion.

Class A: A U corticotomy technique is performed. In 
this technique the two vertical lines of U should be 2 
mm away from the mesial and distal tooth’s CEJ. The 
horizontal line of U should be placed on the middle 
of those alveolar ridges with 2.5 mm width.  If the al-
veolar ridge has a width of more than 3 mm, this line 
should be placed 1.5 mm away from the buccal edge of 
the alveolar remaining bone.

The vertical cuts and the implant’s fixture should have 
the same height. The horizontal cut’s depth depends on 
the alveolar ridge’s form in the apico-coronally aspect. 
For example the horizontal line’s depth should be 2mm 
beyond the green stick fracture of the buccal cortex 
(Fig 7 and 8).

Class B: A T shape corticotomy technique may be em-
ployed for the class B alveolar ridges. Vertical bone cut 
is performed on the middle of the alveolar bone’s buc-
cal depression.  Just like the U corticotomy technique, 
the horizontal line of T splits the alveolar bone equally, 
if the alveolar bone has 2.5mm width. If the alveolar 
bone’s width is more than 3mm, it’s better to perform 
the horizontal cut 1.5mm away from the buccal edge of 
the alveolar bone. This cut should be 3mm away from 
the CEJ of adjacent teeth. Fixture’s height determines 
the vertical bone’s cut height and the horizontal bone’s 
cut depth (Fig 9).

Class C: An L shape corticotomy technique should be 
employed for the class C alveolar ridges. The vertical 
bone cut is performed on the middle of the alveolar 
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bone’s buccal depression a distance of 2 mm away from 
the adjoining teeth. The horizontal line’s depth should 
be 2 mm beyond the normal bone. The fixture’s height 
determines the vertical bone’s cut height and the hori-
zontal bone’s cut depth (Fig 10).

The vertical cut’s depth is the common point in all 
three techniques. In all three types of osteotomy, the 
vertical cut’s depth should be beyond the horizontal 
line in total depth. Burs, disks, piezosurgery and la-
ser may be utilized to perform cortical bone cuts. Us-
ing each instrument has it’s own limitations. Depth of 
bone cuts that are performed by disks are insufficient 
and this makes bone expansion difficult. The swing-
ing motions of the saw may harm an adjacent tooth’s 
structure. Using a laser also requires special skills and 
knowledge. Piezosurgery is beneficial for performing 
corticotomy before bone expansion. Fine swinging mo-
tions and different angled heads has made this process 
easier and less harmful for adjacent anatomical struc-
tures (Fig 11). 

4. Bone expansion: bone cuts may be connected to-
gether by a long shank chamfer bur. It’s important to 
connect all the bone cuts together before performing 
the bone expansion. Osteotomes, motor-driven bone 
expanders and a crest control system (horizontal dis-
tractor) can be administered to expand bone. Maxillary 
bone expansion is much easier when using osteotomes 
because of cancellous bone. Mandibular bone has more 
cortical bone than the maxilla, so using osteotomes can 
increase the risk of buccal cortical bone fracture. Uti-
lizing motor driven bone expanders and distractors 
is more reliable and accurate for both maxillary and 
mandibular alveolar bone.

Motor driven expanders involves using a set of non 
cutting edge screws in different diameters. A drilling 
sequence should be followed through the horizontal 
bone cut. The bone expanders are driven by an im-
plant’s handpiece, and are used at speeds of 30 rpm 
to 40 rpm. The torque settings on the surgical motor 
should remain around 40 Ncm. The instruments may 
be inserted in intervals, pausing to allow time for the 
bone to expand.

Horizontal distractors can be used for distraction of 
the alveolar ridges with more than 3.5 mm width. They 
consist of two vertical plates which expands the buccal 
and lingual segments by opening a screw. There should 
be approximately 1.5 mm space between the buccal 
and lingual segments to place the distractor device. As 
the distractor distracts deeper sites of the horizontal 

line, the buccal cortical bone’s width increases and also 
increases the resistance against distraction and the risk 
of cortical bone fracture (Fig 12).

In the maxillary bone, the fracture line is usually 
seen on the medial surface of the buccal cortical bone. 
In the mandible, because of high density of cortical 
bone, the fracture usually starts from the lateral surface 
of the buccal segment. Hence, mandibular bone dis-
traction should be done gently and wisely (Fig 13). For 
expanding edentulous long span alveolar ridges, each 
implant’s site should be assessed and treated separately.

Strip splitting technique is an alternative to treat long  
span edentulous alveolar ridges. In this technique, each 
implant’s site should be assessed and treated (prepared) 
separately. There must be a minimum of 10 mm in-
terval between vertical bone cuts. There is no need to 
expand all the edentulous areas equally (Fig14).

5. Drilling: after using bone expanders, the depth of the 
horizontal corticotomy line should be drilled because 
bone has been expanded in a depth less than the fix-
ture’s height. Taper fixtures should be used after drill-
ing. Straight fixtures increase the risk of buccal cortical 
bone fracture. In D3 and D4 categories of bone density, 
implant insertion is easy. D2 category of bone density 
requires more drilling because D2 type of bone density 
expands less than the D3 type. Special considerations 
should be taken while drilling because of the risk of 
cortical bone fracture (Fig 15).

6. Implant insertion: fixtures are driven by an electric 
handpiece used at speeds of 30 rpm. The torque set-
tings on the surgical motor should be adjusted to 40 
Ncm (Fig 16).

7. Fixation: Many surgeons believe the buccal segment 
should be fixed after implant insertion. The fact is the 
buccal segment fixation depends on surgeon’s clinical 
judgment. If the buccal segment has expanded too 
much or has split away fixation is necessary (Fig 17).

8. Bone grafting: the displacement of the fractured seg-
ments may be closely monitored as long as adequate 
implant stability is achieved, the fracture site may be 
grafted and implant placement may be accomplished 
with a single stage approach. Before grafting it’s better 
to smoothen the bone surface with a bur. Resorb able 
membranes can be used to cover the buccal segment 
and bone grafting materials (Fig 18).

9. Suturing: suturing is necessary forcompletion of the 
procedure. After the resorbable membrane is placed, 
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the flap deflects on the membrane. Incision edges are 
brought together by mattress sutures completed by sin-
gle sutures (Fig 19).

In this case series study, we used above protocol. 
We had 12 patients in group A and 18 patients in group 
B and 14 patients in group C. Total number of inserted 
implants were 131. The follow up period was 2 years 
from the final loading day.

Results

We had only one implant failure in each group. Success 
rate was more than 97 percent.

Discussion

A literature showed few similarities and many differ-
ences between autogenous intraoral monocortical 
block graft and ridge split bone graft techniques. Both 
procedures require a skilled surgical practitioner. Both 
techniques are used mainly for a 2D horizontal alveolar 
ridge augmentation. Autogenous block bone grafting 
demonstrates high osteogenic potential and effective in 
severe anterior alveolar atrophy in maxilla and man-
dible [23–25]. Two main disadvantages of monocorti-
cal block grafts are donor site morbidity and late term 
graft resorption [26]. The monocortical block bone re-
sorption has been reported to have up to 5% early bone 
loss and up to 40% late bone loss of the entire graft vol-
ume due to remodeling and inadequate consolidation 
[27]. Differences between the ridge split procedure and 
autogenous intraoral monocortical block bone graft-
ing are including these items: donor and recipient site 
morbidity, type of wound closure, buccal flap integri-
ty and vascularity, specifics of wound healing, type of 
bone interface, and possibility of an immediate implant 
placement [28].

Fig 1.

Fig 2.

Fig 3.

Fig 4.

Fig 5.
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Fig 6.

Fig 7.

Fig 8.

Fig 9.

Fig 10.

Fig 11.

Fig 12.

Fig 13.

Fig 14.

Fig 15.
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Fig 16.

Fig 17.

Fig 18.

Fig 19.

Conclusion

Understanding of the 3D bone anatomy with CBCT 
scan help us achieve a proper diagnosis before initi-
ation of implant treatment. Our recommended ridge 
width classification for the horizontally deficient alve-
olar ridges has been proposed to aid in choosing an 
appropriate surgical modality for the specific collapsed 
alveolar ridge (class B).Choice of the technique is de-
pendent ultimately on operator experience and surgi-
cal comfort. The ridge split has many advantages, in-
cluding lack of donor site morbidity and graft stability 
over time.
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