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Abstract: Predictably augmenting alveolar bone is a significant challenge in implant site development. 
A restorative-driven approach to implant placement aids in achieving esthetic harmony in the final 
restoration. This case report demonstrates techniques for treating patients with significant bony defects 
using a titanium mesh scaffold along with prosthetic steps in molding and conditioning soft tissues 
with the provisional restoration and the fabrication of a custom impression coping. This case is part of 
a larger consecutive case series of 77 titanium mesh units in 62 patients treated in a private periodontal 
practice setting and restored in private restorative practices, which will be published subsequently. In 
this titanium mesh case series, 14 other cases (a total of 15) were treated in a similar fashion as described 
in this case report in the category of “single implant placement in the maxillary anterior region.” This 
case illustrates the primary advantages of the use of titanium mesh in such clinical situations.
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The ability to predictably augment alveolar bone in 
both a horizontal and vertical dimension is one of the 
most challenging surgical procedures in implant site 
development.1 It is also one of the key determinants 
in obtaining a long-term esthetic and functional result. 

The ITI Treatment Guide states, “An esthetic implant prosthesis is 

defined as one that is in harmony with the peri-oral facial structures 
of the patient. The esthetic peri-implant tissues, including health, 
height, volume, color, and contours, must be in harmony with the 
surrounding dentition. The restoration should imitate the natural 
appearance of the missing dental unit(s) in color, form, texture, 
size, and optical properties.”2 A restorative-driven approach to 

Fig 3. 

Fig 2. Fig 1. 

Fig 1. Initial presentation of the patient showing a low lip line smile. Fig 2. Clinical buccal view of tooth No. 7. 
Fig 3. Nonrestorable tooth No. 7 as a result of subosseous root fracture with midbuccal bone loss.
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implant placement aids in achieving this esthetic harmony in the 
final restoration.3-6

One of the risk factors evaluated presurgically in attaining an 
esthetic final result is inadequate bone volume in three dimensions. 
In these cases the placement of a dental implant becomes more 
complicated with less predictability, and the implant is frequently 
placed in a poor, more palatal or apical prosthetic position; this 
does not allow for the achievement of long-term health, function, 
and esthetics. Studies have shown that the surgeon’s goal is a final 
osteotomy with ≥ 2 mm of bone to the facial of the implant oste-
otomy with corresponding thick tissue and an adequate band of 
keratinized gingiva.7-10 This becomes very important in esthetically 
demanding areas as in a patient’s esthetic zone. 

Implant treatment in the esthetic zone is a challenging procedure 
and classified as advanced or complex according to the Straightforward, 
Advanced, and Complex (SAC) Classification.11 It requires comprehen-
sive preoperative planning and precise surgical execution based on a 
restorative-driven approach.3-5,12,13 Most patients present with multiple 
esthetic risk factors and often have high expectations. Dental implant 
treatment in the esthetic zone thus requires immaculate execution 
by skillful clinicians as a prerequisite to attempting this procedure. If 
esthetic complications occur, they are usually difficult or impossible 
to manage.13-16 Consequently, the prevention of esthetic complications 
should be a primary objective. Therefore, a conservative treatment 
approach is recommended to facilitate successful outcomes with high 
predictability and a low risk of complications.14,15 

Pretreatment Assessment
The SAC Classification was developed to aid in clinical decision-
making for the benefit of the patient and to help avoid complica-
tions based on the experience level of the clinician and the potential 
difficulty of the treated implant site. The SAC Classification System 
has both restorative and surgical categories that use a normative 
classification system, which can be influenced by modifying factors 
based on individual clinical situations. One area that can influence 
this classification—both from a surgical and restorative perspec-
tive—is found in the International Team for Implantology (ITI) 
esthetic risk assessment (ERA) analysis. The ERA is a pretreat-
ment assessment tool that uses clinical precursors to determine 
the risk of achieving an esthetic result based on known surgical and 
restorative approaches in given clinical situations.2,4,5 

Esthetic risk factors should be addressed with the patient before 
the initiation of treatment to avoid any post-treatment misunder-
standings that may result from unmet high expectations. The cli-
nician can best avoid potential post-treatment complications and 
a dissatisfied patient by gathering information with the patient 
chairside during the initial consultation visit and sharing it with 
him or her using aids such as the ERA form. This is also an excellent 
team (ie, surgeon, restorative dentist, dental laboratory, and patient) 
communication tool that can be used in all esthetic cases to help 
achieve esthetic goals.5 As part of the ERA tool, horizontal (medium 
risk) and vertical (high risk) bony deficiency of the planned implant 
site is evaluated at the initial consultation visit. Minor amounts of 

Patient: Brian T. (1/31/11)		  IMPLANT ESTHETIC RISK PROFILE

Low to Medium: ERA
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Fig 4. The esthetic risk assessment (ERA) was low to medium.
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cessful treatment approach. However, complications related to early 
exposure and early removal of the barrier membrane make this 
technique less predictable when significant regeneration is required. 
Boyne introduced the concept of a titanium mesh scaffold as an 
alternative to traditional barrier membranes.18 The advantage pur-
ported at the time was the ability to offer significantly increased and 
continual space maintenance during the healing phase to allow bone 
regeneration to occur with fewer concerns about failure if the mesh 
became exposed. Since that time, numerous studies have reported 
the success of this technique in achieving a significant amount of 
osseous regeneration in implant site development procedures.19-27

The following case report demonstrates the techniques used by 
the primary author to treat patients with significant bony defects 
using a titanium mesh scaffold along with the prosthetic steps in 
molding and conditioning the soft tissues with the provisional 
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horizontal augmentation can be accomplished readily with a wide va-
riety of treatment modalities. However, situations requiring greater 
amounts of bone augmentation are more challenging. Distraction 
osteogenesis, autogenous onlay block grafts, ridge splitting, and 
tenting screws with barrier membranes (with or without titanium 
struts) have been described in the literature as techniques capable of 
producing significant amounts of guided bone regeneration (GBR). 
However, with each of these techniques there are concerns related to 
predictability, patient morbidity, or postoperative complications.1,17 
The therapeutic goal is to provide the patient the best evidenced-
based therapy with the least risk of patient morbidity.

Titanium Mesh Scaffold
The use of epithelium-excluding barrier membranes for the pur-
poses of GBR has been demonstrated in the literature to be a suc-

Fig 5. A CBCT scan taken at 3 months postextraction. Fig 6. Surgical re-entry to perform titanium mesh GBR procedure at 3 months postextrac-
tion. Note the bone loss on the midbuccal of extraction site No. 7 and the distal of tooth No. 8. Fig 7. Titanium mesh in-situ stabilized with tita-
nium screws both buccal and palatal. The bone graft was soaked in GEM 21S before placement. The titanium mesh was covered with CollaTape 
soaked in GEM 21S. Fig 8. Tension-free closure after a buccal periosteal-releasing incision with high-density PTFE and 6-0 plain gut sutures, 
which also closed the vertical-releasing incision at tooth No. 6 distally. Fig 9. A CBCT scan taken 6 months post-GBR showed significant bone fill 
and vertical augmentation for site No. 7. Close adaptation of the mesh to the regenerated bone confirmed minimal to no micromovement of the 
mesh during healing as a result of excellent mesh stabilization during the healing phase. Fig 10. Healing at 7 months with good buccal contours. 
The site remained closed throughout the healing period. No titanium mesh exposure was noted. Fig 11. Re-entry at 7 months for implant place-
ment confirmed excellent bone healing for implant placement. Fig 12. An anatomically correct surgical guide in-situ was used to help determine 
the bone scalloping necessary to provide a good prosthetic emergence profile from the implant. Fig 13. A 3.3-mm x 12-mm NC SLActive implant 
in place with 3 mm of bone buccal to the placed implant. Note the bone regeneration gained on the distal of tooth No. 8.

Fig 9. 

Fig 6. 

Fig 12. 

Fig 10. 

Fig 7. 

Fig 13. 

Fig 8. 

Fig 5. 

Fig 11. 



269www.compendiumlive.com     April 2014      compendium

Dental, www.zimmerdental.com) was placed in the socket for he-
mostasis and the area was sutured with 6-0 plain gut with a P-3 
needle. A transitional partial denture was delivered and adjusted 
on the day of surgery. 

GBR Procedure
At 3 months post-extraction, a clinical examination and a cone-
beam computed tomography (CBCT) scan were completed, re-
vealing a significant loss of vertical bone height (Figure 5). The 
site was re-entered to perform a GBR procedure using a titanium 
mesh scaffold. The area was anesthetized, full-thickness buccal and 
palatal flaps were reflected with a disto-buccal vertical-releasing 
incision at tooth No. 6 (for good access to the bony defect), and the 
buccal flap was then sutured to the buccal mucosa to reduce trauma 
to the flap and for increased visualization. Figure 6 shows the re-
sidual defect, which had an intact facial and palatal plate; however, 
both plates were approximately 3-mm apical of the desired height. 
In addition, there was noted attachment loss with corresponding 
bone loss on the distal aspect of tooth No. 8. 

The area was debrided to remove all soft-tissue fragments, and 
numerous intramarrow penetrations were performed with the 
Piezosurgery using the OP5 insert. The residual defect was then 
grafted with a combination of freeze-dried bone allograft (Puros®, 
Zimmer Dental) and recombinant human platelet-derived growth 
factor (GEM 21S®, Ostheohealth Co., www.osteohealth.com). A 
simultaneous guided tissue regeneration (GTR) procedure on the 
distal aspect of tooth No. 8 was also completed with these materi-
als. The graft was covered with a 0.3-mm titanium mesh (Synthes, 
Inc., www.synthes.com), stabilizing the buccal first with a 3-mm 
stabilizing screw (Synthes, Inc.) to create a buccal wall to pack the 
bone graft. The titanium mesh needs to be kept at least 1.5 mm to 
2 mm away from adjacent tooth surfaces when fully secured to 
prevent bacterial penetration from the tooth surface under the 
titanium mesh during healing. A second 3-mm stabilizing screw 
was used to secure the titanium mesh in place on the palatal as-
pect to prevent any micromovement of the mesh, which has been 
shown to create soft, not hard tissue. All sharp corners of the mesh 
were tucked downward with a small amalgam plugger to prevent 

restoration and the fabrication of a custom impression coping with 
the restorative dentist. This case is part of a larger consecutive case 
series of 77 titanium meshes in 62 patients treated in the primary 
author’s private periodontal practice setting and restored in pri-
vate restorative practices, which will be published subsequently. 
As part of this titanium mesh case series, 14 other cases (a total 
of 15) were treated in a similar fashion as described in this case 
report in the category of “single implant placement in the maxil-
lary anterior region.” A total of 55 titanium meshes were used in 
the maxillary arch and 22 in the mandibular arch.

Case Report
The patient, a 49-year-old white man, was referred for extraction 
of tooth No. 7, which had been diagnosed with a nonrestorable 
root fracture (Figure 1 through Figure 4). Esthetically, the patient 
presented with a low lip line, a low scalloped thick gingival biotype, 
and rectangular shaped teeth. The ERA was reviewed chairside 
with the patient after full-mouth digital photographs were taken 
and a low-medium esthetic risk was diagnosed. The patient was a 
controlled type 2 diabetic and a nonsmoker (American Society of 
Anesthesiologists [ASA] 2). Probing depths proximally to tooth No. 
7 were 5 mm to 6 mm, and midbuccal/palatal probing depths were 
5 mm with a 2-degree mobility of this hopeless tooth. 

The tooth was extracted without complication via a minimally trau-
matic approach after full-thickness flaps were reflected and using a 
Piezosurgery® device (Piezosurgery Incorporated, www.piezosurgery.
us). The Piezosurgery was used after flap reflection in such a manner 
as to remove tooth structure while avoiding overheating the bone with 
copious amounts of sterile water irrigation (using the Piezosurgery 
EX1 and EX2 inserts). A trough was created around the tooth at the 
expense of tooth structure, which aided in the easy removal of the 
tooth with small elevators followed by gentle pressure with forceps. 
The socket was thoroughly debrided using the following protocol to 
help in disinfection of the socket interior: 1) small surgical curettes; 
2) Piezosurgery (using the OT4 insert); 3) irrigation for 1 minute with 
10% povidone-iodine; 4) irrigation for 1 minute with sterile water.

Because of bone loss circumferentially and, especially, midbuccal, 
an immediate implant was contraindicated. A CollaPlug® (Zimmer 

Fig 14. The screw-retained provisional in place at 2 weeks. Soft-tissue contours were being de-
veloped with the addition/subtraction of acrylic at 2-week intervals. Fig 15. The screw-retained 
provisional at 8 weeks. The final “blueprint” of the transitional zone had thus been developed. 
Fig 16. A digital periapical radiograph of the screw-retained provisional.
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tissue fenestration. This additionally helped secure the mesh in 
place (Figure 7).

A piece of CollaTape® absorbable collagen (Zimmer Dental) was 
customized and then soaked in GEM 21S and placed over the titanium 
mesh and up against the distal of tooth No. 8 to help in graft contain-
ment and delivery of the GEM 21S-soaked bone graft to the distal root 
surface of No. 8 and the overlying flap. The flaps were sutured to obtain 
tension-free primary closure using 4-0 Cytoplast™ polytetrafluoro-
ethylene (PTFE) sutures (Osteogenics Biomedical, www.osteogen-
ics.com) and 6-0 plain gut. The tension-free closure was attained by 
completing a deep buccal periosteal-releasing incision before suturing 
(Figure 8). The temporary partial denture was relieved to not exert any 
pressure on the graft area during the initial healing period. 

Implant Procedure
After 6 months of healing, a CBCT scan was taken of the surgical 
site (Figure 9). The scan showed > 7 mm of thickness of bone in 
a bucco-palatal direction with a significant vertical height gained 
compared with the pretreatment CBCT scan in Figure 5. After an 
additional month of healing (Figure 10), the patient returned for 
the surgical implant procedure. The area was anesthetized with 
local anesthetic, and buccal and lingual full-thickness flaps were 
reflected with a disto-buccal vertical release to tooth No. 6. It was 
confirmed with a periodontal probe that there was > 7 mm of width 
at the crest (Figure 11), with the crest positioned about 2 mm to 3 
mm more coronal when compared with the original defect (Figure 
5). In addition, GTR was achieved on the distal of tooth No. 8. In 
fact, it was necessary to remove midbuccal bone with the aid of an 
anatomically correct surgical guide template with a high-speed 
#8 round bur (bone scalloping) to place the implant at an ideal 
depth to facilitate proper emergence profile for the final crown. 
For a bone-level (BL) implant, approximately 4 mm of space is 
needed from the midbuccal of the surgical guide to the osseous 
crest (Figure 12). A Straumann® 3.3-mm x 12-mm NC SLActive 
implant (Straumann USA LLC, www.straumann.com) was placed 
with the aid of the anatomically correct surgical guide template 
and achieved excellent primary stability in type 3 bone. 

As shown in Figure 13, a measurement of 3 mm of bone was buc-
cal to the implant. This can be compared with Figure 6, in which 
a significant reduction of the buccal concavity resulting from the 
GBR procedure was evident. This is critical because all of the pa-
tients in this current study that had < 1.5 mm of bone to the facial 
of the osteotomy were grafted with a slowly resorbing xenograft 
(particle size 0.25 mm to 1 mm) (Bio-Oss®, Geistlich Biomaterials, 
www.geistlichonline.com) for “contour augmentation” and covered 
with a collagen membrane (Bio-Gide®, Geistlich Biomaterials) to 
aid in hard- and soft-tissue maintenance over time.28 A bottleneck 
healing abutment was placed, and the area was sutured with 6-0 
polypropylene sutures. This initial healing abutment would be 
removed at 8 weeks and replaced by a tapered healing abutment 
at a “stretch the tissue visit” to provide adequate subgingival room 
to start the provisionalization phase. The implant was also torque-
tested to 35 Ncm to confirm bone healing at the 8-week postop-
erative visit, which is the time that is generally recommended for 
bone-to-implant healing in a regenerated bone graft site.
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Fig 17. 

Fig 22. 

Fig 18. 

Fig 20. 
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Fig 17. Excellent soft-tissue healing of the transition zone ready for 
final impressions. Fig 18. The provisional attached to a Straumann NC 
analog, which is embedded in quick-setting bite material to capture 
the subgingival contours. The buccal aspect was noted with a line 
scribed on the midbuccal aspect in the material. Fig 19. Removal of the 
provisional revealed the subgingival contours of the transition zone in 
the bite material. The analog was embedded in the material. Fig 20. 
The open-tray analog attached to the analog. Fig 21. Quick-setting 
resin was flowed into the trough around the impression coping. This 
replicated the transition zone, which had been carefully developed 
over the previous 8 weeks in the provisional restoration. Fig 22. The 
customized impression coping was transferred to the mouth and 
secured before final impressions were made.
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Prosthetic Phase
The patient presented for the final restoration to be fabricated 
on the previously placed, fully integrated bone-level 3.3-mm NC 
SLActive implant replacing the right maxillary lateral incisor. 
Since this was a healed site and an anatomically correct surgical 
guide was used for restorative-driven implant placement, a screw-
retained provisional crown was fabricated with the anticipated 
ideal contours in order to develop the transition zone and sculpt 
the gingival margins and papillas to mimic the contours of the 
contralateral incisor. The patient was recalled to the restorative 
office every 2 weeks to re-evaluate the gingival and provisional 
contours and to make any necessary adjustments (ie, addition 
and/or subtraction of acrylic) to the provisional crown. After 
8 weeks, the site was ready for the final impression (Figure 14 
through Figure 16). To reproduce the final development of the 
transition zone in the impression, a custom impression coping 
was fabricated (Figure 17 through Figure 23). The final restora-
tion was coated with 1% chlorhexidine gel (Corsodyl® 1%, Glaxo-
SmithKline, www.corsodyl.co.uk), and the screw was torqued to 
35 Ncm, covered with Teflon® tape (DuPont, www.dupont.com), 
and sealed with composite resin. 

Figure 24 and Figure 25 show the final case and digital periapical 
radiograph, respectively, at 1-year post-crown. Excellent soft- and 
hard-tissue healing with 100% papilla fill for the distal interproxi-
mal area and 50% in the mesial interproximal area were achieved. 
Additional papilla fill can be anticipated over time.9

Discussion 
As observed in this case report, significant amounts of bone regeneration 
were achieved through use of titanium mesh. The patient was success-
fully rehabilitated with a dental implant, allowing him to be restored 
to health, function, and esthetics in his maxillary lateral incisor area.

The case presented is part of a large, consecutive series study on 
the use of a titanium mesh scaffold for GBR. To date, 77 distinct 
sites of titanium mesh have been placed in 62 patients. Of the 121 
implants that have been treatment planned, all have been placed 
successfully except one because of early mesh exposure and loss of 
the mesh and graft. Only one early loss of an implant was observed 
after placement using the described titanium mesh technique 
(99.2% survival to date). Preliminary data shows average gains in 
horizontal ridge width of 4.98 mm and vertical gains of 3.1 mm in 
those cases where such augmentation procedures were required. 

Several trends have also been noted to date during the course 
of this larger study of 77 titanium mesh units. First, exposure of 
the mesh generally shows no signs of infection and does not ap-
pear to compromise the success rate of the procedure. A total of 
19 exposures (12 early [ie, < 3 months] and 7 late [ie, > 3 months]) 
were recorded. The majority (11/19) were in thin tissue biotypes. 
Upon titanium mesh removal in the exposed titanium mesh cases, 
increased thickness of the pseudo-periosteum layer under the mesh 
was observed and the bone quality appeared to be lower in the area 
of exposure. Only one complete graft failure was recorded in an early 
exposure case, which was re-treated successfully. Second, the use 
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of biologic modifiers (such as platelet-rich growth factor, Gem 21S, 
and Osteocel® [Ace Surgical Supply Co., Inc., www.acesurgical.com]) 
appears to enhance the results of augmentation and lowers the rate 
of exposures. Third, of the 121 implants placed, 63 required addi-
tional bone grafting for “contour augmentation” (52%) with slowly 
resorbing bovine bone and a collagen membrane to provide addi-
tional thickness to the facial and to help ensure a long-term esthetic 
result with its corresponding soft- and hard-tissue maintenance.14,28

Conclusions
The main advantages of the titanium mesh are:
•	 It enables predictable space maintenance for GBR for both hori-

zontal and vertical ridge reconstruction.
•	 It yields low patient morbidity compared to autogenous block 

grafts.
•	 All size defects are amenable to the procedure.
•	 Use of the ERA analysis is recommended as a pretreatment as-

sessment tool that uses clinical precursors to determine the risk 
of achieving an esthetic result.2,4,5 Esthetic risk factors should 
be addressed directly with the patient before the initiation of 
treatment to avoid any post-treatment misunderstandings that 
may result from unmet high expectations.2-5

•	 The use of an anatomically correct surgical guide provides for a 
restorative-driven outcome. This enables the final restoration to 
be a desired screw-retained crown, thus eliminating the possible 
biologic sequela of cementation associated with subgingival ce-
ment remnants and its associated peri-implant diseases.3-5,29-32
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Fig 23. After final impressions were made, the custom impression coping was removed from 
the mouth and inserted into the impression material. Fig 24. Buccal view of the final screw-
retained crown 1-year post-insertion. Soft-tissue healing will continue over a period of 1 to 3 
years. Papillae embrasure closure was noted between the adjacent teeth. Probing depths were 
all normal (1 mm to 3 mm) with no bleeding upon probing. Fig 25. Final digital periapical radio-
graph 1-year post-insertion showed stable osseous healing. (restorative dentistry performed by 
Steven Present, DMD, North Wales, Pennsylvania)
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