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Abstract: There are many techniques in the dental implant literature to augment bone for implant site
development. The use of rigid titanium mesh (ti-mesh) was first described by Boyne in the mid-1980s to
maintain regenerative space and to aid in unimpeded bone healing. Ti-mesh was used in this case report
to demonstrate the predictability of this technique in creating bone augmentation in both a lateral and
vertical direction prior to the placement of a single implant in site No. 5. The article describes the surgical steps for the use of ti-mesh in a single esthetic zone site with a 3-year follow-up.

A

n implant surgeon’s objective is to deliver a final result
to his or her patients that restores them to a state of
optimal health, function, and esthetics. Part of the
surgeon’s task is to find the best and most predictable
way to deliver this result. Unfortunately, not all cases
are straightforward, and some may require additional procedures
to achieve sufficient hard and soft tissue to place an implant in an
ideal prosthetic position. The challenge is to not only employ techniques that will be predictable and successful, but also to minimize
complications and morbidity for the patients.1-8

Fig 1.

Fig 2.

Various techniques are available to reconstruct deficient sites to
permit implant placement; clinicians typically are most comfortable with certain techniques for treating different types of bony
defects. This article will describe a step-by-step surgical approach
of using a titanium mesh (ti-mesh) scaffold to predictably aid in
reconstructing lost alveolar bone, and will discuss the preliminary
results of a completed prospective case series (unpublished) on
the efficacy of bone augmentation using ti-mesh for guided bone
regeneration (GBR) in 62 consecutively treated patients with 77
individual ti-mesh scaffolds and 121 implants placed.

Fig 3.

Fig 1. Pre-treatment digital periapical radiograph of site No. 5 confirming a vertical root fracture. Fig 2. At presentation, clinical buccal view of
tooth No. 5 with mid-buccal fistula. The tooth was split in half to the osseous crest. Fig 3. At presentation, clinical occlusal view of tooth No. 5
with split noted along the pulpal floor and mesial marginal ridge.
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(Editor’s Note: Part 1 of this series, “Restorative Protocol for
Single-Tooth Esthetic Zone Sites,” appeared in the April 2014 issue of Compendium. It can also be accessed online at dentalaegis.
com/go/cced630.)
Hard tissue can be deficient as the result of several different phenomena, such as advanced periodontal disease, trauma, infection,
traumatic extraction, or simply because of physiologic post-extraction resorption.1 Boyne introduced the concept of a titanium mesh
scaffold as an alternative to traditional barrier membranes.9 The
advantage was the ability to offer significantly increased space and
continual space maintenance during the healing phase to allow bone
regeneration to occur with fewer concerns about failure should the
mesh barrier become exposed. Since that time, numerous studies
have reported on the success of this technique to achieve significant
osseous regeneration in implant site development procedures.10-19
Thus, the rationale for using a ti-mesh scaffold is that it allows
for superior space maintenance while protecting the regenerative space and enables the regeneration of bone to occur with the

help of osteogenic cells and growth factors from adjacent sites.
The following case report demonstrates the surgical steps in the
use of ti-mesh to achieve implant site development through ridge
reconstruction in the esthetic zone replacing a hopeless maxillary
right first premolar, tooth No. 5.

Case Report

Pre-Surgical Evaluation

The patient presented as a 66-year-old white healthy, non-smoking
(American Society of Anesthesiologists [ASA] 2) female with a clinical vertical root fracture and an acute buccal abscess associated with
tooth No. 5 (Figure 1 and Figure 2). There were 5-mm interproximal and mid-buccal probing depths with a 2-degree mobility of the
individual roots, which were separated from one another due to a
clear vertical fracture to the osseous crest (Figure 3). The patient was
uncomfortable and unable to chew on this tooth and had sharp pain
when the “filling came out.” The tooth was deemed to have a hopeless
prognosis, and a decision was made in coordination with the patient’s

Fig 4.

Fig 5.

Fig 6.

Fig 7.

Fig 8.

Fig 9.

Fig 10.

Fig 11.

Fig 12.

Fig 4. At 8 weeks post-extraction, a significant buccal ridge defect was noted at site No. 5. Fig 5. At surgical entry, site No. 5 showed complete
destruction of the buccal wall and most of the buccal aspect of the palatal wall. Fig 6. 5 mm of the buccal wall was missing, along with the buccal aspect of the palatal wall. Fig 7. Regenaform with PRGF and calcium sulfate was molded into place. Fig 8. A 0.3-mm ti-mesh was customized
for site No. 5 out of the mouth. Fig 9. The ti-mesh was stabilized by two buccal and one palatal 3-mm screws, with 1 mm to 1.5 mm of space from
proximal tooth surfaces. Fig 10. DynaMatrix membrane soaked in PRGF was used to cover the ti-mesh completely. Fig 11. After a buccal periosteal releasing incision was performed, tension-free closure was achieved with high-density polytetrafluoroethylene (d-PTFE) and 6-0 plain gut
sutures, which also closed the vertical releasing incision at tooth No. 4 distally. Fig 12. Immediate postoperative digital periapical radiograph.
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gingiva for the bone-grafting procedure and aid in primary soft-tissue
closure over the ti-mesh after its placement.19,20

Tooth Extraction

As the result of a vertical fracture, tooth No. 5 presented in two
pieces, as each root was separated from the other. Each was removed with a simple forceps delivery without the need for any type
of flap approach due to the hypermobility of each root segment. It
was confirmed that the buccal plate of bone was totally missing
at the apical third of the buccal root. The socket was thoroughly
debrided to ensure removal of all granulation and infected tissue.
This was accomplished using a 60-second rinse with povidoneiodine 10%, followed by 60-second flushes with sterile water and
the use of a Piezosurgery® OT4 tip (Piezosurgery Incorporated,
www.piezosurgery.us). A piece of collagen plug was placed into
the socket to aid in clot stabilization, and the socket was closed
overtop with two simple interrupted sutures of 4-0 chromic gut.
The patient elected not to have any temporary tooth replacement
during the time of healing due to her low lip-line esthetics, and the
postoperative healing period was uneventful. At the 8-week postextraction visit, the loss of significant buccal hard- and soft-tissue
support for a future implant was documented (Figure 4).

Fig 13.

Fig 14.

GBR with Ti-Mesh

Fig 15.
Fig 13. 7 months healing, site No. 5. The site remained closed throughout the healing period. Fig 14. CBCT taken 6 months post-GBR showed
significant bone fill and vertical augmentation for site No. 5. 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 15. Anatomically correct surgical guide template.

restorative dentist to replace the tooth with a dental implant. An
esthetic risk assessment (ERA) was completed and a low-to-medium
ERA profile was discussed with the patient.2-5,19
Based on the findings noted during the initial consultation it was
explained to the patient that a staged approach would be the recommended course of therapy. Due to the loss of vertical height of bone
on the facial aspect of the ridge, a GBR type of procedure was deemed
necessary. It was decided to proceed with a bone grafting procedure
using ti-mesh as the graft scaffold after allowing 8 weeks of soft-tissue
healing post-extraction. This timeframe allows for soft-tissue closure over the extraction socket to increase the amount of keratinized
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At 8 weeks post-extraction, a preoperative digital periapical radiograph and cone-beam computed tomography (CBCT) scan of
site No. 5 showed that the buccal and palatal walls of bone were
approximately 4 mm to 5 mm apical to the interproximal height
of bone. Placement of an implant in this apico-coronal and buccallingual position would be too deep and in a poor palatal prosthetic
position in comparison to the adjacent teeth and would lead to difficulties in the restorative phase. This would also compromise the
long-term esthetics of the area due to the severe buccal concavity.
Sulcular incisions were made on the buccal and palatal aspects of
tooth No. 6 with a crestal incision over the area of the previous No.
5. A distal vertical releasing incision was made to spare the papilla
associated with tooth No. 4. A full-thickness flap was raised, and
the area of the previous extraction socket was thoroughly curetted
and debrided (Figure 5 and Figure 6) revealing the large residual
bony ridge defect associated with the extraction of tooth No. 5. At
the crestal aspect of the ridge, a 1 mm thickness of palatal bone
remained, but all aspects of the facial plate were missing.
Intraosseous penetrations were made in the residual ridge
with the use of Piezosurgery tip OP5 to induce a regional acceleratory phenomenon. A piece of room-temperature Regenaform®
(Exactech, Inc., www.exac.com) was mixed with PRGF (plateletrich growth factors) after taking the patient’s own drawn blood,
which was spun-down to PRGF in an in-office centrifuge and mixed
with calcium sulfate powder. The bone graft was then adapted into
the residual defect to serve as an osteoconductive scaffold for bone
regeneration (Figure 7). The bone graft material was then covered
with the ti-mesh, which acts to secure the graft material in place
(Figure 8 and Figure 9). Special attention must be paid to ensure
that the ti-mesh is completely stabilized on all sides so that no
micromovement of the mesh occurs during the healing phase. In
Volume 35, Number 5
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the author’s experience, no less than three screws should be used to
ensure adequate rigidity, and, preferably, additionally one in each
corner. Once the ti-mesh was appropriately secured, a membrane
was placed overtop for epithelial exclusion. Membrane exclusion
is only used in cases where periosteal exclusion is not contraindicated, as with this case. A DynaMatrix® membrane (Keystone
Dental, www.keystonedental.com) was soaked in the fraction-3
liquid from the patient’s PRGF and used to cover over the ti-mesh
(Figure 10). Finally, a deep buccal periosteal releasing incision was
performed to ensure tension-free primary closure of the surgical
site. The area was subsequently sutured with a combination of
horizontal mattress and simple interrupted sutures (Figure 11). A
postoperative digital periapical radiograph (Figure 12) showed the
three stabilizing screws and the ti-mesh graft in place.

Fig 16.

Fig 17.

Fig 18.

Fig 19.

Fig 20.
Fig 16. 7 months re-entry for implant placement confirmed excellent
bone healing. Inadequate emergence profile was noted, requiring
bone scalloping. Note: The surgery was done 1 month after the CBCT
was taken. Fig 17. Surgical guide template in place showing implant
placement after appropriate bone scalloping of 3 mm for a bone-level
implant. Fig 18. Prosthetically good implant position in three dimensions was achieved. Fig 19. Final implant in-situ; 3 mm of bone was
measured buccal to the implant. Fig 20. A 4-mm bottleneck healing
abutment enabled good soft-tissue closure.
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Postoperative care was thoroughly reviewed with the patient,
including medication dosages, which were to be continued until
completion. One hour preoperatively, the patient had begun amoxicillin 500 mg, anaprox 550 mg, and a methylprednisolone dose pack.

Postoperative Healing and Implant Placement

The patient was followed-up at 2 weeks for suture removal and at
4, 8, and 12 weeks post-surgery to ensure appropriate healing and
complete soft-tissue closure over the ti-mesh. An “early” exposure (< 3 months) may complicate the healing whereby a thicker
pseudo-periosteum would be seen with less bone regeneration
in the immediate site of exposure. It is unlikely that an exposure
would occur if the tissues cover the mesh at 12 weeks. After that,
individualized recall appointments should be scheduled to ensure continual monitoring of the site and to record whether any
“late” exposure (> 3 months) of the ti-mesh is detected (Figure 13).
While it is not uncommon for early or even late-stage exposures
to occur, these exposures are rarely a cause for concern, as will
be discussed later.
In this case, a CBCT scan was taken after 6 months of healing
(Figure 14). The scan demonstrated significant regeneration of
the facial plate, which would allow the implant No. 5 to be placed
in an ideal prosthetic position. The scan showed a ridge width
of 8 mm, with another 2.3 mm of vertical gain. The restorative
dentist saw the patient soon after to fabricate a laboratory-made
anatomically correct surgical guide template from newly taken
impressions (Figure 15).
The patient was then scheduled for implant surgical placement
at 7 months after the original GBR procedure. The re-entry confirmed that significant bone regeneration had occurred without
incidence of ti-mesh exposure during the 7-month healing phase.
The bone was noted to be Type III quality during osteotomy
preparation. Bone scalloping of the ridge with an 8-round surgical length bur (ostectomy) was necessary due to the excellent
vertical reconstruction, which was anticipated because the bone
healed mesially-distally from the interproximal height of bone of
the adjacent teeth (Figure 16). The implant osteotomy was positioned with the aid of the fabricated surgical guide template
(Figure 17), and a Straumann 4.1-mm x 10-mm RC Bone Level
implant (Straumann, www.straumann.us) was delivered (Figure
18) with excellent primary stability (> 35 Ncm insertion torque).
A view of the final implant in-situ clearly demonstrates 3 mm of
bone reconstruction buccal to the implant (Figure 19). An undercontoured 4-mm RC bottleneck healing abutment (Straumann)
was placed to allow good primary interproximal soft-tissue closure
and maximize tissue volume (Figure 20).
After 8 weeks of healing, a final postoperative visit confirmed bone
healing with reverse torque testing at 35 Ncm using an implant carrier
device and the manufacturer’s torque driver. The bottleneck healing
abutment was now replaced with a conical healing abutment (Figure
21) to “stretch the tissues” for final impressions, which was coordinated with the restorative dentist. Typically, slight tissue blanching
will be observed but will dissipate in a few minutes. The procedure was
seamless for the patient, as the completion of the surgical phase was
followed immediately by the commencement of the prosthetic phase
Volume 35, Number 5

The Future of Dentistry Now in Your Hands

Fig 21.

Changes everything you know
about traditional base/liners.
All the benefits of Flowable Composites,
RMGIs and GIs without the disadvantages
Fig 22.

Fig 23.

Fig 24.

Fig 25.

Fig 21. After 8 weeks, a 6-mm conical healing abutment was placed to
“stretch the tissues” for better emergence profile. Fig 22. 1-year postoperative clinical photograph, No. 5. Fig 23. 1-year postoperative digital
periapical radiograph, No. 5. Fig 24. 3-year clinical photograph, No. 5.
Fig 25. 3-year digital periapical radiograph, No. 5.

with her restorative dentist. This team approach to dental implant
care and coordinated visits between offices is very much appreciated by the authors’ patients. Closed-tray impressions were taken, a
custom titanium abutment was fabricated by the dental laboratory
to bring the cement margins to within 1.5 mm of the gingival margin,
and the single crown was cemented with radiopaque zinc phosphate
cement using the Teflon® tape, copy abutment technique.21,22
The patient will be followed yearly for 5 years as all periodontal
maintenance visits are with her restorative dentist’s office. The
1-year clinical and digital periapical images are presented in Figure
22 and Figure 23, along with the 3-year documented results in
Figure 24 and Figure 25. When comparing the 3-year and the 1-year
results, it can be noted that the 3-year radiographic periapical crestal bone is more dense than at the 1-year time point, and also there is
a noticeable filling in of the soft-tissue papillas interproximally at
the later time point. (Restorative therapy was performed by Mark
Krupnick, DDS, Philadelphia, Pennsylvania.)
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Discussion
the placed implant, but a thickened soft-tissue base of keratinized
As demonstrated by this case report, the ti-mesh can be utilized to gingiva should also be considered.25,26 All implants that were placed
achieve significant amounts of bone regeneration in challenging into exposed mesh sites (early or late) were successful. Furtherbony defects. The predictability of this technique, however, cannot more, the use of certain biologic materials appears to enhance the
be demonstrated by a single case report. The authors of this study soft- and hard-tissue healing results obtained with this technique.
will be publishing their clinical and radiographic/CBCT findings of
Lastly, the need for “contour augmentation” in the larger study
62 patients treated by the primary author (RAL) in private practice was noted to be 52% of the implant sites treated (63/121) to provide
with 77 ti-mesh, who have been followed to restorative completion. an implant of appropriate width in a good prosthetic position and
The data and statistics are expected to be completed by the end of with at least 2 mm of bone to the facial of the implant. Thus, in
2014. Discussed here is an early compilation of the results thus far. anticipation of this procedure the patient needs to be informed of
To date, 121 implants have been placed in reconstructed bone in the possibility of the need for further bone grafting at the time of
62 patients using the ti-mesh technique, with only one early failure implant placement to ensure the appropriate thickness of bone for
(< 2 months), a 99.2% survival rate. Preliminary data shows the long-term ethetic success.
average gain in ridge width is 4.98 mm horizontally and 3.1 mm
vertically. The one early failure was due to early mesh exposure
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In conclusion, in this case report the ti-mesh GBR procedure
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