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INTRODUCTION
Implant dentistry has continued to evolve with refined tech-
niques for immediate or delayed loading, immediate extraction 
placement, bone grafting, guided surgery applications, and 
restorative options. However, the importance of the diagnostic 
process of dental implant reconstruction cannot be underesti-
mated to achieve both functional and aesthetic outcomes. The 
advent of 3-D imaging modalities and interactive treatment 
planning software has provided clinicians with an enhanced 
set of tools for accurate assessment of each individual patient 
presentation, especially when implant reconstruction may be 
considered. When evaluating potential implant receptor sites, 
it is important to appreciate the volume of bone, the thickness 
of the cortical plates, bone density, bony topography, and the 
position of existing tooth roots within the alveolus. The diffi-
culty continues in finding agreement as to where an implant 
should be placed within a potential receptor site.

The “Triangle of Bone” (TOB) concept was initially conceived 
in 1992 and first published in 1995 to help define a “zone” of 
available bone for implant placement—originally by using 
computed tomography (CT) scan imaging.1 The protocol has 
continued to evolve within subsequent publications with 
the advent of cone beam CT (CBCT) and the development 
of various treatment planning software applications with 
advanced diagnostic functionality. The goal is always to place 
the implant in a restoratively driven position while preserving 
or augmenting the preexisting bone. 

When teeth are still present, the relationship between the 
trajectory of the alveolus and the position of the root is critical 
when assessing for implant placement. The cross-sectional slice 
is one of the many views that are essential for the diagnostic 
phase utilizing the TOB concept (Figure 1a). The trajectory of 
the alveolus as it relates to the tooth root can be assessed with 
the existing bone volume or potential zone within the TOB 
for implant placement (Figure 1b). If it is desired to surround 
the implant with the most volume of bone, the implant is 
positioned to bisect the TOB (Figure 2a, cyan line), necessitating 
a cement-retained restorative protocol. The apical position of 
the implant should be directed buccally within the TOB for a 
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screw-retained restoration (Figure 2b). Therefore, it is possible 
to predict aspects of the prosthetic phase using the TOB concept. 

It is well known that tooth extraction alone, or when followed 
by immediate implant placement, can lead to crestal alveolar 
bone and soft-tissue loss. The buccal plate is extremely thin 
and can be easily compromised after tooth extraction, leading 
to aesthetic issues. Innovative concepts continue to evolve in 
an attempt to meet the demands of maintaining both the bone 
and the soft tissue, especially when teeth are present in the 
anterior maxilla. When a tooth is extracted, the resulting socket 
will then receive an implant, often leaving a “gap” between the 
implant and the buccal cortical plate of bone. Certain clinicians 
have recommended grafting the gap, while others do not. In 
either situation, the biological entity that surrounds the natural 
tooth—the periodontal ligament and the vascularization of the 
area—is compromised. 

To counter the negative effects of removing the tooth root, 
techniques have been published that recommend leaving a 
portion of the root intact, helping to preserve the periodontal 
ligament and associated fibers. These techniques include the 
Root Membrane Concept,2 Socket-Shield,3 and Partial Extraction 
Therapy4 (PET). When considering such a protocol, CBCT 
diagnosis is essential in helping to visualize the portion of the 
root that will remain as depicted in the cross-sectional or sagittal 
slice (Figure 3a). Once the palatal aspect of the root has been 
sectioned and removed, an implant can be placed, usually with 
the apical aspect of the implant placed palatally and, in many 
examples, the position is usually within the zone of the TOB. 
Upon closer inspection of the cross-sectional CBCT slice, there is 
a danger that the threads of the implant may be in contact with 
the root (Figure 3b). Any contact with the fragment can dislodge 
the root and is contraindicated. Therefore, to ensure that the 
root remnant is thin enough and in a proper shape to avoid the 
implant, the root needs to be modified. 

Recently, a new kit was introduced that provides a 
series of drills that can be used to accurately prepare the 
“root membrane” to help preserve the buccal bone during 
implant reconstruction. Once the root has been sectioned 
and the palatal aspect has been removed, the remaining root 
membrane can be carefully contoured and beveled to leave 
adequate room for the osteotomy preparation (Figure 4).  

CASE REPORT
A 28-year-old male presented with pain upon chewing for a du-
ration of several weeks. His medical history was unremarkable. 
The maxillary second bicuspid had a history of root canal ther-
apy, and the patient was referred to an endodontist for further di-
agnosis (Figure 5). A CBCT did not reveal a fracture; however, the 
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Figure 1. (a) The cross-sectional slice revealing the alveolar bone and (b) 
the trajectory of the tooth root within the alveolus to be assessed as a 
“zone” within the “Triangle of Bone” (TOB) for implant placement.

a b

Figure 2. It is possible to predict aspects of the prosthetic phase (cyan 
line) using the TOB concept for (a) the cement-retained restorative  
protocol or (b) a screw-retained restoration in which the apical position of 
the implant is directed buccally.

a b

Figure 3. (a) The root fragment that will remain is depicted in the  
cross-sectional or sagittal slice (red outline), and (b) the enlarged image 
reveals the proximity of the simulated implant threads to the root.

a b
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clinical indication was that a fracture was present 
(Figure 6a). After a discussion with the patient, the 
alveolus was examined as a potential implant re-
ceptor site (Figure 6b). After further review of the 
root structure and the trajectory of the alveolus in 
the cross-sectional CBCT slices, it was determined 
that there was enough bone volume for an imme-
diate extraction and implant placement. To help 
preserve the buccal bone, it was elected to section 
the tooth and maintain the root membrane. The 
Root Membrane Kit (RMK) (integrated dental sys-
tems) contains a step-by-step protocol to remove 
the gutta-percha, section the tooth, and contour the root in  
anticipation of the implant (Figure 7). 

According to protocol, the coronal aspect of the tooth was re-
moved, leaving access to the root. The root was then sectioned 
horizontally (Figure 8), and the palatal aspect was carefully 
removed (Figure 9). The diamond drills of the RMK helped to 
carefully contour the root remnant into a c-shape. The coronal 
aspect of the root was recontoured to provide room for the im-
plant (Figure 10). Once the root membrane was prepared, the 
osteotomy could then be initiated in a palatal location within 
the TOB. A 4.5-mm diameter by 13.0-mm length implant (Any-
Ridge [integrated dental systems]) was then carefully placed, 
gaining apical stabilization at 45 Ncm of torque (Figure 11). Us-
ing resonance frequency analysis, an implant stability quotient 
(ISQ) value of 78 was recorded (Mega ISQ [integrated dental sys-
tems]). Based upon the protocol documented by Siormpas et al2 
during the past 10 years, the residual buccal gap was not filled 
with bone. However, as the implant was well-fixated, it was 
elected to use a one-stage surgical approach using platelet-rich 
fibrin wrapped around a titanium healing collar in a “poncho” 
technique (Figure 12). 

The occlusal view of the implant site is seen in Figure 13a 
and after suturing in Figure 13b. A periapical radiograph 
reveals the excellent positioning of the implant (Figure 14). 

The 2-week follow-up appointment revealed the site’s excellent 
healing (Figure 15). 

IN SUMMARY
It is well established that bone preservation is vital to long-
term implant success, and that the loss of both hard and soft 
tissue can lead to functional and aesthetic complications. The 
TOB concept identifies a zone within the available bone as 
seen in the cross-sectional CT and CBCT images. The TOB is 
a useful concept when planning for implants, bone grafting, 
and in anticipation of the restorative components needed for 
cement-retained or screw-retained restorations. The concept 
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Figure 4. (a) Modification of the root membrane with a round diamond; (b) further contouring; (c) palatal position for osteotomy; (d) a cone-shaped 
diamond used to refine the osteotomy; and (e) the implant, positioned to avoid the root membrane.

a b c d e

Figure 5. The maxillary second bicuspid had a history of root canal therapy, as seen in the 
(a) occlusal and (b) lateral retracted intraoral views.

a b

Figure 6. (a) The cross-sec-
tional image could not con-
firm a root fracture, but was 
(b) useful to assess the 
remaining bone as a poten-
tial implant receptor site.

a b
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is to maximize bone volume surrounding the 
potential implant within the receptor site or sug-
gest when bone grafting may be recommended 
(Figure 16). It should be noted that the single 
cross-sectional slice could represent a slice thick-
ness of less than 0.2 mm, and, therefore, it should 
be required when choosing an implant position 
that all other views afforded by the 3-D imaging 
modality and interactive treatment planning 
software be fully appreciated. 

Through the use of CT and, now, CBCT imaging, 
the “Reality of Anatomy,” as described by Ganz,5 
illustrates how little bone actually surrounds the 
natural tooth root. The concept that clinicians 
should strive to achieve 2.0 mm of bone buccal 
to the implant is difficult to achieve when the 
buccal cortical plate has been shown to be 1.0 mm 
or less with cross-sectional imaging. A CBCT study 
entitled “Classification of Sagittal Root Position 
in Relation to The Anterior Maxillary Osseous 
Housing” revealed the minimal bone surrounding 
natural teeth, and the relationship of the tooth 
root within the anterior maxillary alveolus as 
found in cross-sectional slices.6 

The Root Membrane Concept was developed 
with the intent of maintaining hard and soft tis-
sue by retaining a portion of the tooth root.7 The 
RMK provides a logical step-by-step protocol to 
carefully section and prepare the root approxi-
mately 3.0 mm below the gingival crestal tissue. 
Specially designed diamond burs allow for the 
root fragment to be prepared in a c- or crescent 
moon-shape when viewed occlusally. The central 
part of the root fragment should ideally measure 
from 1.5 to 2.0 mm in a buccal-lingual direction. 
The lingual or palatal placement of the implant re-
quires precision drilling to avoid migration of the 
drill due to the slope of the cortical socket housing  
(Figure 4c). Therefore, after contouring the root 
fragment, a shaper diamond bur is utilized and followed by a 
tapered diamond (Figure 4d) to prevent accidental skipping of 
the drill, which can result in dislodgement of the root mem-
brane. Once the osteotomy has been completed, the implant 
fixture can be delivered to the site within the TOB without 
touching the root membrane. If the gap distance is small, there 
is no need to fill the space, as evidenced by recent 5-year results2 
and soon-to-be-published 10-year results. Of great importance 
is that recent human histological examinations (submitted for 

publication) reveal that it is possible for the root membrane to 
remain under functional load throughout time with new bone 
growth between the implant and the root surface, thus filling 
the gap. As demonstrated by Kan et al,6 the root position or 
trajectory, as evidenced in the cross-sectional or sagittal plane, 
may not be appropriate to retain the root. Case selection is  
critical for long-term success.

The previous use of CT and, currently, CBCT imaging mo-
dalities continues to define the state-of-the-art and the standard 

Figure 7. The Root Membrane Kit (integrated dental systems) contains a step-by-step pro-
tocol to remove the gutta-percha, section the tooth, and contour the root in anticipation of 
the implant. 

a b

Figure 8. The tooth root was then sectioned 
horizontally and vertically as per the CBCT 
scan and treatment plan.

Figure 9. The separated palatal aspect of 
the root was carefully removed.

Figure 10. The coronal aspect of the root 
was recontoured to provide sufficient clear-
ance for the implant.

Figure 11. A 4.5-mm diameter by 13.0-mm 
length implant (AnyRidge [integrated den-
tal systems]) was carefully placed, gaining  
apical stabilization at 45 Ncm of torque.
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for a true diagnostic understanding of the patient’s individual 
anatomy.8,9 For more than 25 years, the TOB concept1 has de-
scribed a protocol for assessing potential implant receptor sites 
and/or the need for hard- and soft-tissue grafting. As innovative 
treatment protocols such as the Root Membrane Concept, Sock-
et-Shield, and/or PET continue to evolve, clinicians can rely on 
the TOB to accurately assess the individual nature of each pa-
tient presentation to make educated decisions and to achieve 
predictable surgical and restorative outcomes.F  
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Figure 12. The implant stability allowed for 
a one-stage surgical approach utilizing plate-
let-rich fibrin wrapped around a titanium 
healing collar in a “poncho” technique.

Figure 13. (a) The occlusal view of the implant site and (b) after suturing. 

a b

Figure 14. A periapical radiograph revealed 
excellent subcrestal positioning of the 
implant.

Figure 15. The 2-week follow-up appointment revealed 
the site’s good soft-tissue healing.

Figure 16. The TOB position 
should allow for maximum vol-
ume of bone surrounding the 
implant while avoiding contact 
with the root membrane.
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1. 	Difficulty continues in finding agreement as to where an 
implant should be placed within a potential receptor site.  

a. True	 b. False

2. 	If it is desired to surround the implant with the most 
volume of bone, the implant is positioned to bisect the 
Triangle of Bone (TOB) necessitating a screw-retained 
restorative protocol.

a. True	 b. False

3. 	To counter the negative effects of removing the tooth 
root, techniques have been published that recommend 
leaving a portion of the root intact helping to preserve the 
periodontal ligament and associated fibers.    

a. True	 b. False

4. 	In the technique described in this article, to ensure that the 
root remnant is thin enough and in a proper shape to avoid 
the implant, the root needs to be modified.    

a. True	 b. False

5. 	The Root Membrane Kit (integrated dental systems) 
contains a step-by-step protocol to remove the gutta-
percha, section the tooth, and contour the root in 
anticipation of the implant.      

a. True	 b. False

6. 	Based upon the protocol documented by Siormpas et al 
during the past 10 years, the residual buccal “gap” was 
filled with bone.    

a. True	 b. False

7. The Root Membrane Concept was developed with the intent 
of maintaining hard and soft tissue by retaining a portion of 
the tooth root.

a. True	 b. False

8. 	The TOB concept, only in use now for about 3 years, 
has described a protocol for assessing potential implant 
receptor sites and/or the need for hard- and soft-tissue 
grafting.   

a. True	 b. False
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