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Introduction

Dento-alveolar bony defects are very common and poise a significant problem in dental treatment and rehabilitation. 
Reconstruction of dento-alveolar bony defects using minimally invasive techniques would greatly enhance the success and 
patient acceptance of this area of reconstructive surgery. Over the past three decades, great strides have been made in the field 
of alveolar bone preservation and augmentation. Review of the literature identify many techniques and materials that have been 
used successfully to obtain esthetically and functionally acceptable alveolar ridge for successful implant [1]. The alveolar ridge 
revealing a knife-edge morphology or non space-maintaining defects, usually requires a local alveolar ridge expansion procedure. 
In such situations the ridge may be expanded by splitting [2], or spreading [3,4] of the bone, resulting in a sufficient width for 
implant bed preparation. Summers in 1994 modified this procedure by developing a special osteotome technique and a set of 
instruments [5]. The osteotome set consists of matched and tapered hand instruments which create implant sites by widening 
the ridge and condensing the bone in lateral and apical directions. The tapered osteotomes allow for minimal heat generation, 
greater tactile sensitivity, faster and larger bone apposition by compressing the bone laterally and thus creating a denser interface 
for the implant to be placed [6, 7]. Numerous bone volume and defect classification systems have been proposed and developed. 
Characteristic bone volume changes after tooth loss were evaluated in the mandible by Atwood [8, 9]. A maxillary alveolar process 
of resorption following Atwood’s description for mandible was presented by fallschussel in 1986 [10]. Another classification 
was proposed by cawood and howell [11]. The dental implant approach to different volumes is more specific than the Atwood 
classification permits, and as such, several bone volume classifications for implant dentistry have been developed. Weiss and Judy 
developed a classification of mandibular atrophy and its influence on subperiosteal implant therapy in 1974 [12]. Louisiana state 
university and kent presented a classification of alveolar ridge deficiency designed for alloplastic bone augmentation in 1982 [13]. 
Another classification was proposed by zarb and lekholm in 1985 for residual jaw morphology with the insertion of Branemark 
fixtures [14]. In 1985 misch and judy established four basic divisions of alveolar bone for implant dentistry in the maxilla and 
mandible, which follow the natural resorption phenomena represented by Atwood [15, 16]. In this study, the classification by 
Misch and Judy in 1985 had been selected. Alveolar ridge defects are classified according to their three-dimensional morphology 
form, severity, and extent [17]. A defect limited exclusively to the Bucco-lingual direction with normal ridge height has been 
classified as a class I or class B defect. A bone loss running in the apical-coronal direction only was described as a class II or class 
A defect. The defect that exists in both axes, i.e., a combined vertical and horizontal defect, has been characterized as a class III 
or class C defect and has a combination Bucco-lingual and apical-coronal resorption of alveolar bone resulting in loss of ridge 
height and width [18,19]. The extent of alveolar ridge defect considered mild if less than 4 mm, moderate when 3 to 6 mm, and 
extensive when greater than 6 mm17. Various bone augmentation techniques have been employed to reconstruct these different 
ridge defects. The predictability of the augmentation procedures depends on the horizontal and vertical extents of the defect. The 
purpose of this study was to analyze the use of the osteotome technique, followed by immediate implant placement, using cases 
presenting different conditions as dento-alveolar bony defects and to define management solutions in the event of existing bone 
resorption. 
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Abstract

Purpose: To overcome the limitations of implant placement in Knife edge ridges, Summer introduced Osteotome 
technique in 1994. It has been claimed that bone condensing for preparation of the implant site in soft bone avoids the risk 
of heat generation and also implants can be placed precisely with increased primary stability. The purpose of this study was 
to analyze the use of the osteotome technique, followed by immediate implant placement, using cases presenting different 
conditions as dento-alveolar bony defects and to define management solutions in the event of existing bone resorption.

Material and Methods: A group of twenty patients treated with bone expansion by means of osteotome technique, 
followed by single immediate implant placement were placed either in the maxillary or mandibular regions. Clinical findings 
have been recorded (complications, infection, and wound dehiscence) during the whole follow up period. The amount 
of bone expansion at the alveolar ridge after implant placement was measured clinically, gingival margin was evaluated 
clinically, and the marginal bone resorption (crestal bone loss) were evaluated radiographically for the restored implant one-
year after implant’s functional loading. 

Results: The surgical sites for the implant areas showed no post-operative complications, infection nor wound 
dehiscence during the whole follow up period. No prosthetic complications were recorded at follow up visits. The amount of 
bone expansion at the alveolar ridge were ranged 2.6-4.2 mm. The amount of marginal bone resorption from time of implant 
placement to one-year’s after implant’s functional loading were ranged 0.8-1.9 mm. The contour, height, and width of gingival 
at the implant site was corresponded to the soft tissues that surround the adjacent natural teeth) The gingival margin as 
esthetic outcome were achieved for most of the restored implants one-years after implant’s functional loading. 

Conclusion: Based on the results of this study, the Osteotome technique is a good technique for the purpose it was 
introduced i.e. for Knife edge ridges and the advantages for this technique for patients include less surgical trauma and a 
shorter treatment time.
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Figure 1: Defect limited exclusively to the bucco-lingual direction with 
concavity due to bone loss.

Figure 2: A full-thickness flap was elevated using a mid-crestal incision and 
2 buccal and palatal releasing incisions with the amount of bone resorption 
vertically in mm using Peri-Prop.

Figure 3: Osteo-condensation with series of bone expansion devices with a 
cylindrical instruments and tapered tip and an appropriate diameter to widen 
the implant bed.

Figure 4: The osteotomes were inserted and removed along a straight path 
and mesiodistal direction to reduce the stress on the buccal and lingual bone 
plate.

Figure 5: After the final diameter of the implant bed was established and 
the crestal bone thickness reached 6.35 mm or more, based on the implant 
diameter and consider a minimum of 1 mm of bone around the implant.

Figure 6: A split of the labial bone plate with osteotome kit and the crestal 
bone thickness reached 6.35 mm or more, based on the implant diameter 
and consider a minimum of 1 mm of bone around the implant.

Figure 7: Endosseous implant was immediately placed after the bone 
expansion was completed for posterior area

Figure 8: Endosseous implant was immediately placed after the bone 
expansion was completed for anterior area.
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Figure 9: Autogenous bone graft can be taking from the same implant socket 
(9A), collected in surgical dapping dish (9B), and the autogenous bone graft 
was used to fill the gap after osteotome technique with immediate implant 
placement (9C, and 9D).

Figure 10: Surgical site was closed using 4-0 silk suture.

Figure 11: The amount of bone expansion achieved and good esthetic 
results obtained.

Figure 12: Periapical X-ray had been taken before, and after implant 
placement (12A–12C), and one-year of implant’s functional loading which 
showed the amount of marginal bone level, one-year of implant’s functional 
loading (12D, and 12E).

Figure 13: Surgical site was closed using 4-0 silk suture.

Materials and Methods

Twenty patients, 9 males and 11 females (aged between 30–50 years old), were 
selected and treated with bone expansion by means of osteotome technique, followed by 
single immediate implant placement were placed either in the maxillary or mandibular 
regions. In all cases, the teeth for these patients had been extracted 3–8 years ago. the 
patients were currently wearing an acrylic resin removable partial denture. The patients 
desired an implant-supported restoration. The patients were offered the option of 
block-graft augmentation by taking bone either from the chin, the mandibular ramus, 
or maxillary tuberosity, then waiting approximately 4 months to 6 months, followed by 
implant placement. Then, the patients would possibly have to wait for another 2 months 
prior to final uncover and prosthetic restoration. This was unacceptable to these patients. 
The second option was to try placement of dental implants by lateral bone condensing 
and expansion for dental implant placement by means of osteotomes technique. These 
patients chose the second option due to reduce timed but wanted to avoid any bone 
grafting procedure. Osteotome technique was required for ridge expansion due to local 
alveolar non space-maintaining ridge defects and knife edge ridge configurations at 
the planned implant site caused by traumatic tooth removal, and loss of teeth following 
progressive periodontitis. Bone expansion was required due to bone resorption, to achieve 
satisfactory conditions for the placement of implants with diameters chosen according to 
the treatment plan. The indications were crestal thickness ranging from 2.9 to 4.1 mm 
and A defect limited exclusively to the Bucco-lingual direction with normal ridge height 
which had been classified as a class I or class B defect. For the purpose of analysis, different 
parameters were chosen and recorded for each case, including patient age and gender, 
implant positions, initial and final bone widths measurements, marginal bone resorption, 
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and additional particulars or other procedure requirements. The pre-operative and 
post-operative radiographs taken immediately after implant insertion, and 1 year after 
restoration and functional loading of the implants. The implant shoulder and the alveolar 
crest were used as reference points radiographically. The length of the transmucosal 
conical smooth portion of the ITI implants was subtracted from the distance between 
the implant shoulder and the crestal bone level. Measurements of the distance between 
two reference points were performed to estimate the amount of marginal bone resorption 
radiographically. The gingival margin for the adjacent teeth had been used as reference 
points for the estimation of gingival margin for the restored implant one-year after 
implant’s functional loading. 

Clinical exam for cases # 6 and 16 revealed significant buccal and labial concavity due 
to bone loss (Figures 1A, and 1B). 

In cases with poor remaining bone conditions, after implant insertion, guided bone 
regeneration (GBR) will be appropriate managements for such cases with autogenous 
bone graft that had been taken and collected from the implant socket by the pilot drill 
which is designed to collect that amount of bone during the preparation of the implant 
socket to correct bone contour defects (Figures 9A–9D). 

Resorbable collagen membranes were covered all GBR areas then, primary wound 
closure was achieved after mobilization of the full thickness flap. Surgical site was closed 
using 4-0 silk suture (Figures 10 A, and 10B). The patients were advised to take Amoxicillin 
500 mg cap 8 hourly along with analgesics and chlorhexidine mouthwash twice daily 
for 7 days. Sutures were removed after 7-10 days. Six weeks post-surgery showed good 
soft-tissue healing (Figures 11A, and 11B). Periapical X-ray had been taken before, after 
implants placements, and one-year of implant’s functional loading which showed the 
amount of bone resorption one-year of implant’s functional loading (Figures 12A–12E). 
The marginal bone level for the restored implants one-year after implant’s functional 
loading were estimated on the periapical X-ray, by using the marginal bone level for 
adjacent teeth as reference points (Figures 12A–12E). The final implant-supported crown 
was inserted 4 weeks later (Figures 13A, and 13B).

Results

The data obtained for all 20 cases are presented in Table 1. Age of patients ranged 
from 30 to 47, and 11 patients (55%) were female. Only 7 cases (35%) required the use of 
autogenous bone grafts to increase the ridge widening after immediate implant placement. 
In two of these cases, the bone expansions were performed together with splitting of 
the bone from the labial side of the bone defect with immediate implant placement, to 
improve the bone conditions, aiming at later rehabilitation of the site (case # 16, and 19). 
The bone expansion proved useful even in the case of an immediate implant placed after 
bone splitting with initial stability of these implants. There was no implant loss in any of 
the 20 cases described, because all of them were osseointegrated on their last evaluation. 
No other surgery complications related to any of the bone splitting or autogenous grafts 
used or to implant placement were presented. Nine cases (45%) involved an esthetic 
region, if the esthetic zone area were considered to upper bilateral 2nd premolars. The 
gingival margin for the restored implants one-year after implant’s functional loading were 
estimated, by using the gingival margin for adjacent teeth as reference points. There was 
gingival recession at some area of the some of restored implants with crowns one year 
after implant’s functional loading, were the soft tissues were thin but did not affect the 
esthetic outcome for the gingival margin and did not appear to be significant for esthetic 
satisfaction from the patients’ standpoint. There was marginal bone resorption within 
the normal range of bone remodeling 1 year after implant’s loading function. The mean 
marginal bone resorption for the maxilla (1.215 mm) compared to mandible (1.566 mm). 
More Bone resorptions were recorded due to the implants were inserted more than the 
coated surfaces for some cases. For the mandibular cases, despite greater bone resistance, 
it may be possible to reach satisfactory bone expansion in these sites with non-traumatic 
expanders, thus allowing placement of implants with planned diameters. For the cases 
with autogenous bone graft, the amount of bone grafts was calculated by subtracted the 
bone expansion from the final bone width. 

Discussion

Dental implants are becoming the only predictable alternative treatment for many 
clinical situations, and their long-term success over time has been well established [20]. 
Thus, continuous efforts have been made to develop “tissue compatible” implants, which 
are compatible with the surrounding host tissues to assure the development of a bone 
metal interface. In addition, different researches were introduced to improve bone density 
and the quality of the implant site to obtain higher osseointegration percentages [21-26]. 
In the present study, the Straumann implant (ITI Dental Implant System) fixtures were 
used, which are sand blasted and acid etched. According to marinucci et al & others [27-
32] this surface treatment is biocompatible, allowing the attachment, proliferation and 
differentiation of osteoblasts, thus optimizing osseointegration and enhancing the clinical 

function of implants. In addition, the compression of bone to improve bone density has 
been successfully utilized in reconstructive surgery [33]. With modifications, this method 
has been introduced to dental Implantology [34]. The use of the osteotome technique 
has been investigated in clinical studies with emphasis given on the survival rate of the 
implants [35-39]. This is in accordance with Ernesto & Anitua [40], where they reported 
that previously complex sites having narrow buccolingual width that needed ridge 
augmentation prior to implant placement with the subsequent hazards of bone grafts 
and membranes, can be treated with one stage approach provided that adequate stability 
is achieved. A low speed, high torque hand piece was used in all of these cases during 
the cortical perforation only. The osteotomy site was then prepared with osteotomes 
eliminating the need for bone drilling with the possibility of overheating. This is in 
accordance with Brisman [41] who stated that the overheating of bone during preparation 
of the implant site can lead to bone necrosis, interfacial formation of connective tissue 
between bone and implant, loss of osseointegration and consequently loosening of the 
implant. Clinically, the present work demonstrated, none of the implants showed infection 
or mobility. In addition to thread engagement, body design and surface roughness help to 
provide a frictional interface with the receptor site, this in turn, will assist in mechanical 
retention by facilitating bone ingrowths during osseointegration [42]. Numerous 
investigators have reported that SLA rough surfaces of the ITI implants, obtain a stronger 

Case 
Number Gender Age Implant 

position

Use of 
Autogenous 
Bone Grafts

Initial 
Bone 

Width 
(mm)

Final 
bone 
width 
(mm)

Bone 
expansion 

(mm)

Marginal 
bone 

resorption 
(mm)-one 
year after 
implant’s 
loading

Gingival 
margin for 

restored 
implant-
one year 

after 
implant’s 
loading

1 Female 32
Lower 

Right 1st 
premolar

No 3.4 6.2 2.8 1.6
Same as 
adjacent 

teeth

2 Male 39
Lower 
Left 2nd 

premolar
Yes 3.6 6.9 2 1.7 -0.5

3 Male 44
Lower 
Left 1st 
molar

No 3.8 8 4.2 1.5
Same as 
adjacent 

teeth

4 Female 30

Lower 
Right 
lateral 
Incisor

Yes 2.8 5.8 2.2 1,45 -0.3

5 Female 41
Lower 

Right 2nd 
premolar

no 3.2 6.3 3.1 1,5
Same as 
adjacent 

teeth

6 Female 33
Lower 
Left 1st 

premolar
No 2.7 6.2 3.5 1,4 -0.2

7 Male 45
Lower 
Left 2nd 

premolar
Yes 3.5 6.2 2.1 1.8

Same as 
adjacent 

teeth

8 Female 38
Lower 

Right 1st 
molar

No 4.1 7.1 3 1.81 -0.4

9 Male 36

Lower 
Left 

central 
Incisor

Yes 3 6.4 3 1.4
Same as 
adjacent 

teeth

10 Female 34
Lower 

Right 1st 
premolar

No 3.7 6.7 3 1.5 -0.3

11 Male 42
Upper 
Left 1st 
Molar

No 3.9 8.1 4.2 1.1
Same as 
adjacent 

teeth

12 Female 34

Upper 
Right 

Central 
Incisor

No 2.9 6.8 3.9 1.2
Same as 
adjacent 

teeth

13 Female 44
Upper 

Right 2nd 
premolar

No 3.2 6.4 3.2 1.25 -0.3

14 Male 36
Upper 
Left 1st 

premolar
Yes 3.4 6.7 3.2 1.2 -0.5

15 Male 39
Upper 
Left 2nd 

premolar
No 4 6.6 2.6 1.5

Same as 
adjacent 

teeth

16 Male 35

Upper 
Left 

lateral 
Incisor

Yes 2.7 6.5 3.3 1.1 -0.6

17 Female 35
Upper 
Left 1st 

premolar
No 3.4 6.4 3 1.35

Same as 
adjacent 

teeth

18 Female 37
Upper 

Right 2nd 
premolar

No 3.3 6.9 3.6 0.9
Same as 
adjacent 

teeth

19 Female 47

Upper 
Right 
lateral 
Incisor

No 3.1 6.3 3.2 0.95 -0.4

20 Male 38
Upper 
Left 1st 

premolar
Yes 3.2 6.7 3.1 1.6

Same as 
adjacent 

teeth
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bone anchorage when compared with smooth titanium surface and can also positively 
influence cellular and tissue responses to implants [43-47]. A positive correlation exists 
between implant surface roughness and the degree of initial and long-term mechanical 
fixation [42, 48]. The macro and micro roughness, and the performance of the rough 
SLA surface is superior to smooth surfaces with respect to bone contact levels, removal 
torques and micro-texture (due to the acid etching) of the implant. It has been found to 
osseointegrate even under immediate, full occlusal loading conditions [49-51].

Different studies showed an animal histologic study compared the osteotome 
technique to conventional implant placement with burs in 52 New Zealand white 
rabbits using 104 implants placed in the distal femoral condyles [52]. The implants were 
studied after 2, 4, and 8 weeks of placement. The authors concluded that the osteotome 
technique increases new bone formation and leads to an enhanced osseointegration of 
dental implants in trabecular bone. In a multicenter study, this technique has shown 
success rates as high as 96% [53]. Another recent study evaluated sinus elevation along 
with the osteotome technique in a longitudinal radiographic study and concluded 
that the osteotome technique represents a substantially less-invasive alternative for 
predictable implant installation in maxilla. Different studies showed the limitation of the 
osteotome technique compare to microdent threaded expanders [54, and 55] that it is 
mainly designed for the maxilla. With the limitation of this study and as analysis of 20 
cases in almost one year of functional loading of the restored implants, the osteotome 
technique with the design and surface characteristics of the SLA ITI, provide a number of 
advantages as there is marked decrease in the need to graft ridges, allow for greater tactile 
sensitivity, less surgical time for surgeons with much less cost to the patient. It is a safe 
and effective mean of widening thin ridges that can be performed under local anesthesia. 
Also, it includes no thermal injury to the bone during implant osteotomy, thus eliminating 
the harmful role of heat production in subsequent bone healing [56]. In our study, we 
did not record any clinical complications for all of the 20 cases either at the maxilla or 
the mandible. Based on all of these excellent descriptions, Osteotomes can offer several 
significant advantages over the traditional graded series of drills [57]:

1. Drilling removes bone. When adequate quantities of dense bone are available, this is 
not a problem. But when the alveolar bone is compromised in quality or quantity, the 
need is to preserve the remaining bone and improve its quality. This technique retains 
the total bone mass.

2. It is an alternative to block grafting in select cases to increase the ridge width for implant 
placement.

3. Allows immediate placement of implants in narrow ridges at the time of expansion.

4. Osteotomes take advantage of the fact that bone is viscoelastic and can be compressed 
and manipulated. Compression creates a denser bony interface with increased bone to 
implant contact and therefore good initial stabilization of the dental implant.

5. Heat is a major detriment to osseointegration, but the osteotome technique is an 
essentially heatless and therefore should not destroy the viable bone-forming cells.

6. This technique also allows for greater tactile sensitivity.

7. It is minimally invasive and cost effective.

8. Faster prosthetic restoration is possible.

Buchter et al [34] compared the influence of the osteotome technique on the 
osseointegration and biomechanical behavior of cylinder implants (SLA, ITIs) with a 
conventional preparation of the implant site in an animal mode (six Gottingen minipigs). 
They conclude that the decreased implant stability by using the osteotome technique is 
based on microfractures in peri-implant bone. Therefore, Considerable care needs to be 
taken in their use due to the possibility of uncertain amount and direction of force being 
exerted towards the apex. From our study we found out that the mean marginal bone 
resorption for maxilla after one year of functional loading were less than the mean of 
marginal bone resorption for mandible which insured what strietzel et al. [58] reported 
in there study that the use of the osteotome technique in good quality bone (types 1 
and 2) produces more bone resorption than the standard technique. This may be due 
to the higher forces for bone compression applied in the compact bone. If much force 
is used to insert implants, the trauma on the bone will cause more bone resorption and 
osseointegration will take more time [59]. Further investigation with a larger sample 
over longer period of time is necessary before a definite conclusion can be reached on a 
comparison of alveolar regeneration of the mandible and maxilla. Finally, we would like 
to remark that actually implant surface is as much important as the surgical technique in 
clinical survival rate. Experimental data showed that new implant surfaces, such as the 
SLA (Sandblasted, Large grit and Acid etched), promote greater osseous contact at earlier 
time points [60-62]. Due to the amount of bone resorption for this study we can figure out 

the importance of atraumatic tooth extraction and immediate or early implant placement 
into extracted socket. 

Small and Tarnow, found that recession occurred in most of the implant restorations 
during the first 3 months following abutment connection surgery [63]. The majority 
of recession (80%) occurred on the buccal aspects with the mean recession of 0.9 mm 
and more pronounced in maxillary teeth. Oates et al, studied the mucosal recession in 
maxillary and mandibular anterior implants over 2 years [64]. They found the mean 
recession of 0.6 mm. Sixty percent of the implants showed recession 1 mm. Jemt et al, 
retrospectively examined the study casts of 23 patients who received single implant 
restorations in the anterior maxilla for an average of 15 years [65]. They found that the 
implant clinical crowns were an average 0.6-1.04 mm longer than the contralateral teeth. 
Seventeen percent of the implant crowns showed recession 1 mm. Suphanantachat S, et 
al reported in their study that patients were highly satisfied with the outcome of their 
single-tooth anterior maxillary implants. Clinicians, however, showed lower degree of 
satisfaction than patients. And they reported also, facial marginal recession, which is 
considered critical for esthetic satisfaction by clinicians, did not appear to be significant 
for esthetic satisfaction from the patients’ standpoint [66-68].

Conclusion

The present of series of 20 cases and with the limitation of this study in almost one 
year of functional loading of the restored implants, the osteotome technique provides a 
number of advantages as there is marked decrease in the need to graft ridges, allow for 
greater tactile sensitivity, less surgical time for surgeons with much less cost to the patient. 
It is a safe and effective mean of widening thin ridges that can be performed under local 
anesthesia. Also, it includes no thermal injury to the bone during implant osteotomy, 
thus eliminating the harmful role of heat production in subsequent bone healing. This 
study did not record any clinical complications for all of the 20 cases either at the maxilla 
or the mandible. However, further investigations including a large number of patients 
and considering long-term evaluation of peri-implant alveolar loss bone are necessary 
to enhance the power of the conclusions concerning use and predictability of osteotome 
technique.
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