Vertical Ridge Augmentation Using Xenogenic
Material Supported by a Configured Titanium Mesh:
Clinicohistopathologic and Histochemical Study
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Purpose: The aim of this study was to evaluate the capability of a configured titanium mesh (CTM) to
serve as a mechanical and biologic device for restoring a vertically defected/resorbed alveolar ridge.
Materials and Methods: The study comprised 10 severely resorbed sites in 10 patients. Pre- and post-
operative ridge measurements were taken with reference to the neighboring teeth and supporting
screw head base of the CTM. Bovine bone mineral served as the augmentation filler material. The
metal mesh was removed after 9 months. Subsequently, root-form, screw-type implants were placed.
During the implant placement phase, cylindric bone samples were retrieved from the augmented area
for histopathologic and histochemical examination. Results: Upon soft tissue reflection and before
augmentation, defect height, as recorded by a periodontal probe along the main threads exposed on
the support screw, was between 5 and 8 mm (average 6.4 mm; SD + 1.17). At 9 months after augmen-
tation, during the implant placement phase, the defect height was between 0 and 2 mm (average 1.2
mm; SD * 0.63). Differences were statistically significant (P < .001). Bone height gain was between 4
and 6 mm (average 5.2 mm, SD + 0.79), which gave an average bone fill of 81.2% (SD * 7.98). Polariz-
ing microscopic examination of sections stained with Picrosirius red showed a gradual increase in new
lamellar bone from coronal to apical cuts, reaching the highest area percentage in the deep apical
zone. Discussion: At 9 months postaugmentation using the CTM surgical technique, the quality and
quantity of the newly established hard tissue appeared to be different in the coronal versus apical
areas of the restored alveolar ridge. Conclusion: Although at 9 months postoperatively, the augmented
alveolar ridge had different bone content, clinicohistochemical results demonstrated that this surgical
technique could be a successful and predictable procedure for rebuilding a resorbed/defected ridge to

accommodate endosseous implants. (INT ] ORAL MAXILLOFAC IMPLANTS 2003;18:440-446)
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egeneration of residual ridge bone in the vertical
dimension has always been a challenging surgical
technique. Rebuilding bone where there is no sup-
portive housing and limited nourishment is difficult
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to achieve. Onlay block grafts,!? guided bone regen-
eration (GBR),!%?2 and distraction osteogenesis?3~2
have been proposed for rebuilding bone vertically.
However, these procedures involve several considera-
tions: increased morbidity with the autogenous onlay
block graft,?’ membrane exposure with the GBR
technique,!%3%-32 and frequent visits during the bone
distraction phase for the distraction osteogenesis
technique. Stabilized soft tissue closure over the aug-
mented area is crucial for success. All are technically
sensitive and require a highly skilled surgical team.
The use of a rigid titanium mesh, stabilized as a
tent over a resorbed ridge in full/partial restoration
of the alveolar process, has been reported.**=’
Boyne* and Shanaman and coworkers** used a cus-
tomized, very stiff titanium mesh with relatively large
square holes. Both used at least 50% of autogenous
bone mixed with bovine bone mineral. Maiorana and
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associates® covered a titanium framework mesh with
a GBR membrane of bilayer porcine collagen.

In the present study, an attempt was made to
observe the benefit of a configured titanium mesh
(CTM) (TRAM; Osteomed, Dallas, TX) as a frame-
work for a filler containing xenograft only. The aim
of this study was to examine the outcome of this pro-
cedure both clinicohistologically and histochemically.

MATERIALS AND METHODS

"Ten sites in 10 patients were selected for this study.
All patients (7 women and 3 men aged from 43 to
54 years) were healthy and did not take any medica-
tion. Patients were nonsmokers or had quit smok-
ing. All participants gave written informed consent.
Each stage of the surgical technique was explained
in detail. The Ethics Committee of Tel Aviv Uni-
versity approved the study. Severely 3-dimension-
ally resorbed ridges were selected for the study.
Residual roots and/or hopeless teeth still present at
the selected site were removed 4 to 6 weeks before
augmentation. The mesiodistal span was that of 3
previously extracted roots, and a ridge restoration of
at least 5 mm vertically and 15 to 20 mm mesiodis-
tally was required. As an augmentation housing
device, a titanium mesh of various sizes was used to
configure the desired ridge convexity. The oval pore
size (of the mesh) was 0.3 X0.5 mm to avoid any dis-
persion of the grafted particle/blood aggregation.
One main long screw (different lengths according
to patient needs) served as a supporting and stabiliz-
ing screw and as a reference to measure the height
of the required restored vertical bone. When
needed, tacking screws were used for additional sta-
bilization of the mesh.

No autogenous bone graft contribution or bio-
logic GBR barrier was used. The CTM was applied
in 10 consecutive severely resorbed ridges in which
vertical augmentation of the defect sites was indi-
cated. Inorganic bovine bone (Bio-Oss; Geistlich
Biomaterials, Wolhusen, Switzerland) served as the
augmentation material. After 9 months, the CI'M
was removed, and implant placement followed.

Surgical Procedure

Augmentation Phase. Premedication using eto-
dolac 400 mg (Etopan; Taro Pharmaceutical Indus-
tries, Haifa Bay, Israel), a non-steroidal anti-
inflammatory drug, was administered 1 hour before
surgery. Local anesthetic infiltration of lidocaine
hydrochloride 3% and 1:80,000 norepinephrine
was administered labially and lingually/palatally to
the deficient ridge.

One crestal and two buccal releasing incisions
were made using a No. 15C blade. The vertical
releasing incisions were made at least 3 mm mesially
and distally from the planned CT'M margins to pre-
vent spontaneous early exposure.

An advanced full-thickness flap was raised when
the mental foramen was involved. The mental bun-
dle was carefully exposed to avoid any mechanical
pressure by the C'T'M. All granulation tissue and
soft tissue over the exposed ridge were removed.
The CTM was trimmed to fit the dimensions of the
ridge. The length of the main supporting screw was
determined by the extent of the required vertical
augmentation, including at least 3 mm for bone
anchoring. Therefore, 2 periodontal probes were
used to measure the defect (Fig 1a). The supporting
screw was then inserted and its stability verified.
The distance between the ridge and the base of the
screw head was also recorded with the probe
(UNC-15; Hu-Friedy, Chicago, IL) (Fig 1b), and
the CTM was subsequently snap-fitted onto it.
Tacking screws were added when needed, usually to
the buccal shelf, to ensure stability of the CTM (Fig
1¢). Inorganic bovine bone, 500 to 1,000 pm in size,
was used as the filler under the tenting CTM (Fig
1d). The grafted particles were inserted by a graft-
ing syringe until the entire void was gently packed.
Soft tissue coverage over the CTM followed to
achieve tension-free complete closure (Fig 1e).

Postoperative medication included an analgesic
(etodolac 200 mg), antibiotics (amoxicillin 500 mg 3
times daily for 7 days [Moxypen Forte; Teva Phar-
maceutical Industries, Petach Tikva, Israel]), and an
antiseptic mouthwash (chlorhexidine 0.2%, Taro-
dent; Taro Pharmaceutical Industries). Sutures (4-0
polyviolene; Look Surgical Specialty, Reading, PA)
were removed after 2 weeks. In 2 patients, sponta-
neous exposure of the metal mesh occurred 4 to 6
weeks postoperatively and increased to a gap of 3 to
4 mm. These were meticulously cleaned twice daily
with gauze soaked with 0.2% chlorhexidine diglu-
conate gel (Lacer; S.A. Sardenya, Barcelona, Spain).
Close observations revealed no adverse soft tissue
effects. Periapical radiographs showed the CTM
with its supporting screw harboring the grafted
material (Fig 1f).

Implant Placement Phase. The surgical site was
exposed after 9 months. The periodontal probe
penetrated the metal mesh to record the depth
between the supporting screw head base and cur-
rent crestal augmented area. Then the mesh was
removed, along with its tacking and supporting
screws. In the 2 patients with exposed CTM, a thin
layer of firm connective tissue, approximately 0.5 to
1.0 mm thick, was noted under the metal mesh.
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Fig 1a Measurement of the extent of the  Fig 1b  Supporting screw of the CTM was  Fig 1¢ The CTM was snap-fitted onto the

resorbed ridge using 2 periodontal probes.
from its head.

inserted into the resorbed ridge up to 6 mm

main supporting screw and stabilized to the
buccal bony shelf with a tacking screw.

Fig 1d Grafted material was injected Fig 1e Complete soft tissue closure over Fig 1f Postoperative radiograph shows
between the stabilized CTM and the the filled CTM was achieved by an extensive  the filling material bordered by the CTM

resorbed ridge.

Fig 1g Removal of the CTM exposed the
augmented ridge prior to implant place-
ment.

coronally positioned flap.

with its supporting screw.

Fig 1i Two implants were placed in the
vertically augmented ridge.

Fig 1h Diagram of the measurements
taken prior to grafting (A) and at second-
stage surgery (B) to estimate the gain in
bone height.

This layer was curetted, disclosing the augmented
hard tissue ridge (Fig 1g). The gain in bone height
was recorded according to the exposed length of the
main supporting screw pre- and postoperatively
(Fig 1h). Measurement of bone gain was calculated
by the difference between preoperative and postop-
erative height, which was divided by preoperative
height and multiplied by 100 to obtain an estimated
percentage gain: ([Hpre - Hpost]/Hpre) X 100%.
Two titanium plasma-sprayed, screw-type
implants (Steri-Oss; Nobel Biocare, Géteborg, Swe-
den), 3.25 to 4.5 mm in diameter and 10 to 12 mm
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in length, were placed in the restored ridge (Fig 1i).
The first implant was placed in the vertically aug-
mented site according to a previously prepared sur-
gical template using stepped-up cutting burs. The
second implant osteotomy site was prepared using a
2.5-mm internal diameter trephine bur to obtain a
hard tissue core for histologic examination.

The prosthetic phase was initiated 3 to 6 months
after implant placement.

Pre- and postoperative bone height were recorded
and compared for statistical analysis. The paired 7 test
was used to identify significant differences (P < .01).
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Table 1 Vertical Bone Restoration of the 10 Sites

Preoperative Postoperative Bone height % bone fill

Case CTM-to-crest CTM-to-crest restored in vertical
no. Location distance* distance vertically dimension®
1 Max right PM; 5,M 5mm 1 mm 4 mm 80.0

2 Max left PM; 5, M, 5mm 1 mm 4 mm 80.0

3 Mand left PM, ,,M, 8 mm 2mm 6 mm 75.0

4 Mand right PM,,M; 7 mm 1T mm 6 mm 85.0

5 Max left PM; ,,M, 6 mm 1 mm 5mm 83.3

6 Mand right M, , 7 mm 2 mm 5mm 71.4

7 Mand right PM,,M; 7 mm Tmm 6 mm 856.0

8 Mand left PM, ,,M; 5 mm 0mm 5 mm 100.0

9 Mand right PM, ,,M; 6 mm 1 mm 5mm 83.3
10 Mand left M, , 8 mm 2 mm 6 mm 75.0
Average 6.4 mm* 1.2 mm?* 5.2 mm 81.2
SD 1.17 mm 0.63 mm 0.79 mm 7.98

PM, , = first and second premolars; PM, = second premolar; M, = first molar; M, = second molar; M , =

first and second molars.

*Distance between the bony defect base and the supporting screw head base.

"Hpre — Hpost X 100%
Hpre
P < .001.

Histologic and Histochemical Methods

Tissue samples were marked with black ink to iden-
tify the coronal and the deeper apical sites. Cylin-
dric specimen cores were fixed in 10% neutral
buffered formalin for 7 days and decalcified with
5% formic acid for 2 weeks. Specimens were then
embedded in paraffin. Transverse sections, 5 pm in
width, were prepared using a microtome. Slides of
coronal and apical ends were stained with Mallory
trichrome and examined with a light microscope.
Other sections from the same sites were stained
with Picrosirius red and examined with polarizing
microscopy as previously described.’d Polarization
colors of collagen fibers of the same thickness were
recorded for thin and thick fibers. Woven bone was
characterized when both the thin and thick fibers
presented polarization colors, which ranged from
green through greenish-yellow to yellow. Orga-
nized lamellar bone was characterized by a higher
percentage of thick fibers presenting yellow to yel-
lowish-orange polarization colors.?”

RESULTS

Of the 10 sites, 3 were in the maxilla and 7 were in
the mandible. The vertical defect height, ie, the dis-
tance between the mesh and the crest preopera-
tively, as measured along the exposed part of the
main supporting screw of the CTM, was between 5
and 8 mm (average 6.4 mm, SD 1.17). At the second
surgical phase, the exposed part of the supporting
screw was remeasured and found to be between 0
and 2 mm (average 1.2 mm, SD 0.63). This repre-

sented a bone height gain of between 4 and 6 mm
(average 5.2 mm, SD 0.79) at the 10 sites. The aver-
age bone fill was 81.2% (SD = 7.98) (Table 1). The
differences between pre- and postoperative bone
height to a fixed reference point (ie, the base of the
supporting screw head) were statistically significant
(P < .001). During the second surgical phase, at the
time of CTM removal, a significant amount of hard
tissue could be seen in the area that was filled with
the grafting particles under the metal mesh. The
ridge was almost always restored to near the level of
the supporting screw head base.

Buccolingually, the base of the augmentation
area maintained ridge dimension and actually fol-
lowed the mesh configuration. Therefore, screw-
type, root-form implants could be placed in all
patients. Twenty implants were placed in the verti-
cally augmented sites. All were integrated and pros-
thetically functional. The prostheses were 2 or 3
units, screw-retained in the premolar/molar posi-
tions. Follow-up of at least 2 years showed that all
reconstructed sites were in stable functional condi-
tion. Since an extensive coronal buccal flap was cre-
ated in most patients to achieve complete soft tissue
closure, a compensatory, apical repositioning surgi-
cal technique was applied during exposure of the
implant cover screw (third stage) to facilitate ade-
quate masticatory mucosa around the implants and
re-form the proper vestibular depth in the aug-
mented site.

Histologically, new bone formation was observed
in all specimens. The osseous tissue demonstrated
numerous osteocytes and different stages of remod-
eling and maturation. The grafted particles were in
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Fig 2a Coronal area section cut from a cylindric specimen sam-
ple at 9 months. The tissue area fraction is dominated by the
grafted material (m) and connective tissue (Mallory trichrome;
maghnification X20).

Fig 2c Photomicrograph of coronal section showing mainly
woven bone containing both unorganized thin and thick collagen
fibers with polarization colors of green to greenish-yellow
(Picrosirius red with polarizing microscopy; magnification X20).

direct contact with the newly formed bone as well
as with connective tissue. When the coronal section
and the apical deep cuts of the specimens were
examined, the newly formed bone occupied a much
greater area in the apical augmented zone, com-
pared to the coronal zone in close proximity to the
CTM (Figs 2a and 2b).

Examination of the coronal area sections pre-
sented larger areas of woven bone characterized by
thin and thick collagen fibers possessing polariza-
tion colors of green and greenish-yellow (Fig 2c).
However, the apical area sections stained with
Picrosirius red and examined with a polarized
microscope revealed greenish to yellow polarization
colors for thin fibers and more yellow to orange
colors for thick fibers in a higher percentage. This
represented a higher percentage of lamellar bone at
this site (Fig 2d). The black areas in the sections
represented grafted particles and only minimal areas
of loose connective tissue.
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Fig 2b Apical area section from the same specimen core
shown in Fig 2a. Most of the tissue area fraction is occupied by
newly formed bone (Mallory trichrome; magnification X20).

Fig 2d Apical section presenting a higher percentage of lamel-
lar bone at 9 months, consisting mainly of fibers with greenish-
yellow and yellow polarization colors (Picrosirius red with polariz-
ing microscopy; magnification X20).

DISCUSSION

Restoration of a 3-dimensionally resorbed ridge can
be achieved using CTM. The procedure is techni-
cally sensitive. The void under the mesh should be
maintained and stabilized,?83? which is achievable
only by using a meticulous surgical technique. In
the first 3 to 4 weeks after CI'M placement, during
cell differentiation and tissue identification, preven-
tion of spontaneous exposure of the CTM is essen-
tial. It is important to establish a tension-free com-
plete soft tissue closure. However, at 4 weeks after
CTM placement, a spontaneous exposure occurred
in 2 patients. This late exposure was probably a
result of constant labial muscle tension and function
in the forcibly shallowed vestibule that had been
established. Furthermore, subsiding of the edema
and diminished blood vessel nourishment to the
area could also have contributed to this undesired
exposure. However, it appears that this exposure did
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not substantially affect the clinical outcome in the
augmentation site. The thin soft tissue zone that
was identified under the CTM has also been
reported in other vertical GBR cases.!! This soft
tissue could have been a result of the micromove-
ment and pressure over the site’” during the remod-
eling phase.

Clinically and histologically, no substantial dif-
ference was observed between the 3 maxillary and
the 7 mandibular cases. Nevertheless, while soft tis-
sue closure was achieved by lingual and buccal coro-
nally positioned flaps in the mandible, the rigidity
and inflexibility of the masticatory palatal tissue
made necessary an extensive coronal positioning of
the buccal flap, which nearly eliminates the vestibu-
lar depth space. However, reduction of the labial
vestibule did not cause any inconvenience to the
patients, and the vestibule was eventually re-deep-
ened at the time of implant cover screw exposure.
The patients with spontaneously exposed CTM
reported a metal taste that disappeared after the
device was removed.

Histologically, new bone formation and presence
of the grafted particles at 9 to 42 months were evi-
dent. % Most of these reports involved inlay aug-
mentation procedures. Generally, there was a grad-
ual increase in newly formed bone from the coronal
to the apical cuts. Lamellar bone was more pro-
nounced in the deep apical area, whereas woven
bone dominated the coronal zone. This was repeat-
edly emphasized with the Picrosirius red staining
and polarizing microscopy. The reason for this is
that the apical section cuts are closer to the recipi-
ent bed, which is well nourished, whereas the coro-
nal zone is nourished primarily by the overlying flap
and the relatively distant osseous recipient area.
Consequently, the quality and quantity of the newly
established hard tissue are affected in different
zones of the restored ridge. Similar data have been
reported in extraction sites and sinus augmentation
procedures.’”*

CONCLUSION

The CTM surgical technique to rebuild a resorbed
ridge proved to be a clinically successful procedure.
Its predictability depends on a meticulous surgical
protocol. Implants can be placed at a later stage.
The restored ridge was proven clinically and histo-
logically to accommodate endosseous implants and
subsequent fixed prosthesis rehabilitation. The
application of inorganic bovine bone as the filler
material resulted in new bone formation at various
stages of remodeling and maturation.
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