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This article presents a retrospective case series of implant site development 
using titanium mesh (Ti-mesh) in the maxilla. A total of 58 mesh procedures in 
combination with several different bone grafts (allograft, cellular allograft, and 
bovine xenograft) and biologics (including recombinant human platelet-derived 
growth factor, autogenous platelet-rich growth factor, and recombinant human 
bone morphogenetic protein-2) were performed in 48 patients. Ti-mesh guided 
bone regeneration procedures were performed 2 to 3 months after extraction 
of nonrestorable/hopeless teeth, and the implants were placed 6 to 8 months 
postaugmentation. The mean initial ridge width was 2.0 ± 1.0 mm, and the 
mean horizontal gain after Ti-mesh procedures was 4.7 ± 1.6 mm. The ridge 
width was first measured on the cross-sectional presurgical CBCT image and 
then confirmed clinically during surgical procedures. No statistical difference in 
the horizontal gain was found among different combinations of bone grafts and 
biomaterials. Ti-mesh exposure occurred 22% of the time. The middle-aged 
adults (odds ratio [OR] = 8.59; P = .046) and older adults (OR = 16.66; P = .02) had 
significantly higher chances of mesh exposure compared to young adults. While 
all implants were successfully placed, about 56% of the implants had < 2 mm 
of bone to the facial aspect of the osteotomy and received additional contour 
augmentation when placed in a prosthetically appropriate position for a screw-
retained restoration. This study demonstrates that although Ti-mesh procedures 
result in significant bone regeneration in narrow alveolar ridges to predictably 
allow implant placement, the age-related mesh exposure rate and frequency 
of need for additional contour grafting should be discussed with patients. Int 
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Severe alveolar ridge defects pres-
ent a challenge because the bone 
deficiency may make implant thera-
py extremely difficult or sometimes 
impossible.1 Bone augmentation 
procedures to rebuild alveolar ridge 
width and height at the implant 
sites are necessary for long-term 
esthetic and functional outcomes.2–5 
Both horizontal and vertical bone 
augmentation can be achieved 
with varying results using several  
well-established techniques, vari-
ous bone grafts, and biologics.6 
No matter the approach selected, 
all techniques must meet the three 
main principles of regeneration: pri-
mary intention healing, space provi-
sion, and wound stability.7,8 

A positive esthetic outcome is 
critical in the reconstruction of an 
edentulous ridge, and it only hap-
pens when tooth replacement re-
sults in harmony with the remaining 
natural dentition upon smiling.5,9,10 
Several key factors should be as-
sessed during planning and ex-
ecuted during treatment to achieve 
excellent final esthetics: an esthetic 
risk assessment analysis, ≥ 2 mm 
of bone facial to the implant after 
placement, and facial soft tissue 
that is ideally ≥ 2 mm thick.10–13 This 
thick buccal bone, which could be 
obtained through contour augmen-
tation upon implant placement, be-
comes increasingly important and 
beneficial in the esthetic zone.14,15 
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The use of a titanium mesh has 
been utilized since the mid-1980s.16 
While Ti-mesh is not cell-exclusive, 
it shows promise through provision 
of enhanced space maintenance, 
stabilization of the blood clot, and 
graft revascularization.16 The effec-
tiveness of Ti-mesh in implant site 
development has been well docu-
mented, showing substantial bone 

augmentation in both horizontal 
and vertical directions.17 The pres-
ent retrospective study reviews the 
clinical results of bone augmenta-
tion in the maxillae with three rep-
resentative cases utilizing a Ti-mesh 
scaffold to achieve a prosthetically 
driven implant placement. Data re-
garding the frequency and need for 
buccal contour grafting upon pros-

thetically driven implant placement 
are also included.

Materials and Methods

The present retrospective study 
included patients receiving ridge 
augmentation using Ti-mesh be-
tween March 2009 and July 2013 
at a private periodontal practice 
(R.A.L.) in Philadelphia, Pennsylva-
nia, for replacement of nonrestor-
able or hopeless maxillary teeth. 
Patients signed a written informed 
consent for the surgical procedures 
and data collection for potential fu-
ture publication, in accordance with 
the guidelines of the World Medical 
Association Declaration of Helsinki.18 
Patients who underwent Ti-mesh 
ridge augmentation, had an im-
plant placed in the maxilla, and had 
complete pre- and postoperative 
clinical and radiographic data were 
included; the exclusion criteria were 
history of alcoholism or drug abuse, 
medical contraindications affecting 
bone/soft tissue healing, history of 
cervicofacial radiation, use of bone 
sparing medications, poor oral hy-
giene, poor compliance, and smok-
ing > 20 cigarettes/day. 

A total of 48 patients (demo-
graphic data in Table 1) were identi-
fied through the records. Seven dif-
ferent combinations of biomaterials 
were used along with Ti-mesh: (1) 
AG/rhPDGF: freeze-dried bone al-
lograft (AG) + recombinant human 
platelet-derived growth factor (rh-
PDGF); (2) AG/PRGF: demineralized 
AG + calcium sulfate powder and 
autogenous platelet-rich growth 
factor (PRGF); (3) AG/NB: demineral-

Table 1 Demographic Data of the Participants

Total patients, n 48

Age, y

  Mean ± SD 51.4 ± 14.1

  Range 20–77

Gender, n (%)

  Male 22 (46%)

  Female 26 (54%)

Smoking status, n (%)

  Smokers 4 (8%)

  Nonsmokers 44 (92%)

Total implant sites, n 91

Location, n (%)

  Anterior 47 (52%)

  Posterior 44 (48%)

Gingival phenotypes, n (%)

  Thin 28 (31%)

  Medium 46 (50%)

  Thick 17 (19%)

Provisional restorations, n (%)

  None 40 (44%)

  Fixed 10 (11%)

  Transitional partial denture 14 (15%)

  Complete denture 27 (30%)

Final prostheses, n (%)

  Single crown 44 (49%)

  Implant bridge 23 (25%)

  Hybrid denture 11 (12%)

  Overdenture 13 (14%)
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ized AG + calcium sulfate powder 
(no biologics [NB]); (4) Cellular AG: 
cellular AG containing a minimum of 
250,000 cells/cc; (5) XG/BMP: de-
proteinized bovine bone mineral 
(DBBM) + recombinant human bone 
morphogenetic protein-2 (BMP-2); 
(6) XG/rhPDGF: DBBM + PDGF; and 
(7) XG/rhPRGF: DBBM + PRGF. All 
patients received two CBCT scans: 
one taken within a month prior to 
ridge augmentation, and the other 
taken prior to Ti-mesh removal and 
implant placement. The selection of 
treatment group was arbitrarily de-
cided by the same periodontist 
(R.A.L.) after acquiring each patient’s 
presurgical CBCT image.

Surgical Procedure

Tooth extraction and guided bone 
regeneration with Ti-mesh
The overall treatment protocol was 
described in previously published 
case reports.2–4 Briefly, following 
tooth extraction, the wounds were 
allowed to heal spontaneously for 2 
to 3 months to have complete soft 
tissue closure. Once the bony de-
fect was confirmed and measured 
on the presurgical CBCT scan, the 
Ti-mesh ridge augmentation proce-
dure was performed. 

Under profound local anesthe-
sia, a full-thickness flap was raised 
with vertical incisions at the distal 
ends of the flap for better visualiza-
tion and access. After debridement 
of the granulation tissue, numer-
ous intramarrow penetrations were 
made at the buccal surface of the 
alveolar ridge. The Ti-mesh was 
firstly carefully secured to the buc-

cal plate using stabilizing screws, 
creating a buccal wall to pack the 
bone graft, and then trimmed with 
surgical scissors to keep a 1.5-mm 
distance from the adjacent tooth 
to prevent postoperative bacterial 
penetration from the tooth surfaces. 
When needed, additional tenting 
screws were used to support the 
mesh. One of the seven combina-
tions of biomaterials was placed at 
the bony defects, followed by secur-
ing the mesh on to the palatal wall 
to prevent any micromovement. The 
stability of the mesh was examined 
carefully. In three treatment groups 
(AG/PRGF, AG/NB, and XG/PRGF), 
a collagen membrane was used to 
cover the mesh, while a collagen 
dressing tape was used in the other 
groups. When applicable, the col-
lagen membranes were soaked in 
PRGF, and the tapes were soaked in 
rhPDGF, respectively, before being 
applied to the augmented sites.  

The surgical site was then su-
tured to obtain tension-free primary 
closure. The provisional restorations 
(either nothing, temporary partial 
dentures, flippers, or complete den-
tures) were delivered, with special 
attention to exert no pressure on 
the graft during the initial healing 
period.

Postoperative healing and implant 
placement
Each patient was followed up at 2 
to 3 weeks for suture removal with 
plaque control reinforcement and at 
4, 8, and 12 weeks postoperatively 
to ensure appropriate healing and 
complete soft tissue coverage over 
the Ti-mesh. Any early (≤ 6 weeks) or 
late (> 6 weeks) mesh exposure was 

recorded. The patients with mesh 
exposure would clean the areas with 
chlorhexidine and have individual-
ized recall appointments before the 
implant placement surgery.

A second CBCT scan was taken 
5 to 6 months postoperatively. The 
patient then met their restorative 
dentist to fabricate a clear acrylic 
tooth-borne (when present), digi-
tally designed, anatomically correct 
surgical guide template (ACSGT) for 
prosthetically driven implant place-
ment. The implant surgery took 
place 7 to 9 months after the Ti-
mesh procedures. During surgery, 
the Ti-mesh was removed, and the 
implant was placed according to the 
ACSGT. All implants with < 2 mm of 
bone to the facial of the osteotomy 
received contour augmentation us-
ing DBBM and a collagen mem-
brane.10 Figures 1, 2, and 3 show 
representative cases at the central 
incisor, first premolar, and first molar 
locations, respectively.

Clinical Indices

The primary outcome is the gain 
in the ridge width resulting from 
the Ti-mesh procedure. The initial 
width was first measured at the wid-
est point (no more apical than 4 mm 
from the crest) to the nearest 0.5 mm 
at the mesiodistal center of the 
ridge on the cross-sectional CBCT 
image, and then confirmed clini-
cally by the periodontist during 
surgery. The buccolingual width of 
the ridge at the future implant site 
was measured by placing a 15-mm 
periodontal probe at the crest, 
measuring to the nearest 0.5 mm, 
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and documenting it with digital 
photography. The clinical confirma-
tion helped to avoid potential er-
rors from residual bone grafts (vs 
healed bone). 

Other recorded indices includ-
ed the change in ridge height, mesh 
exposures (none, early, or late), 
smoking status (yes/no), the gin-
gival phenotype (thin, medium, or 

thick; assessed using visual assess-
ment with the aid of a periodontal 
probe),11,19 implant location (ante-
rior/posterior), age (younger adults  
[< 50 years], middle-aged [50 to 65 

Fig 2 Premolar single-tooth 
replacement at tooth site 24 
(FDI system). (a) Initial defect 
on the day of Ti-mesh surgery. 
(b) Ti-mesh in place. (c and  
d) CBCT scans at 5 months.  
(e) Day of Ti-mesh removal and 
implant placement.

c d e

a b

Fig 1 Anterior single-tooth 
replacement at tooth site 11 
(FDI tooth-numbering system). 
(a) Initial defect on the day of 
Ti-mesh surgery. (b) Ti-mesh in 
place. (c and d) CBCT scans at 
6 months. (e) Day of Ti-mesh 
removal and implant place-
ment. 

c d e

a b

© 2022 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



47

Volume 42, Number 1, 2022

years], or older adults [65+ years]), 
gender, the provisional restorations 
(none, fixed, transitional partial den-
ture, or complete denture), contour 
augmentation at implant placement 
(yes/no), and treatment groups (sev-
en biomaterial combinations). 

Statistical Analysis

Descriptive statistics for all data 
were performed. The effects of 
age, gender, implant location, gin-
gival phenotype, treatment group, 
provisional restorations, smoking, 
and mesh exposure on the gain in 
ridge width were analyzed by fitting 
a linear regression model. For the 
contour augmentation, the variance 
inflation factor was used to diag-
nose problematic multicollinearity, 
followed by a model selection ap-
proach to examine the critical vari-
ables affecting the fitness of the 

model, and then the final logistic re-
gression model was determined us-
ing the Akaike information criterion. 
For mesh exposure, the final logistic 
regression model was determined 
by stepwise selection. All analyses 
were completed using R statistical 
software (The R Foundation).

Results

A total of 58 mesh procedures cov-
ering 91 implant sites were per-
formed in the maxillae of 48 pa-
tients. More than half of the mesh 
procedures covered a single implant 
site (32 of 58), while 20, 5, and 1 
mesh procedures covered 2, 3, and 
4 implant sites, respectively. The de-
mographic data of the participants 
are summarized in Table 1.

The clinical outcomes from each 
treatment group are summarized in 
Table 2. The gross mean horizon-

tal gain was 4.7 ± 1.6 mm, ranging 
from 4.5 ± 1.8 mm in the AG/PDGF 
group to 5.7 ± 1.0 mm in the XG/
PRGF group. The gross mean ver-
tical gainfrom available sites was 
2.8 ± 1.7 mm, ranging from 1.5 ± 
0.7 mm in the XG/BMP group to 
3.4 ± 2.9 mm in the AG/rhPDGF 
group. Based on the fitted regres-
sion model on the horizontal gain, 
posterior location (vs anterior) was 
significantly associated with more 
horizontal gain (P = .016; Table 3). 

Postoperative mesh exposure 
occurred after 13 procedures, or 
22% of the time, but no mesh re-
quired early removal. Late exposure 
was more frequent than early ex-
posure (62.5% and 37.5%, respec-
tively). Among the sites with expo-
sure, thin phenotype was related 
to 3 exposures (3 implant sites), 
medium phenotype was related to 
7 exposures (10 implant sites), and 
thick phenotype was related to 3  

Fig 3 Molar single-tooth 
replacement at tooth site 26 
(FDI system). (a) Initial defect 
on the day of Ti-mesh surgery. 
(b) Ti-mesh in place. (c and  
d) CBCT scans at 5 months.  
(e) Day of Ti-mesh removal and 
implant placement.

c d e

a b
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exposures (3 implant sites). The logis-
tic regression model indicated that 
age was positively associated with 
mesh exposure: Both the middle-
aged adults (odds ratio [OR] = 8.59; 
95% confidence interval [CI]: 1.04 to 
71.09; P = .046) and the older adults 
(OR = 16.66; 95% CI: 1.56 to 177.5; 
P = .02) had significantly higher 
chances of mesh exposure than 
younger adults. The mean horizon-
tal gain in the exposed sites was 
slightly less than that in the unex-
posed sites (4.4 ± 1.1 mm and 4.8 ± 
1.7 mm, respectively), but the differ-

ence was not statistically significant 
(P > .05). The mean thickness of the 
pseudoperiosteum at the exposed 
site was thicker than that at the unex-
posed sites (1.5 ± 0.6 mm and 1.1 ± 
0.8 mm, respectively), but the differ-
ence was not statistically significant 
(P > .05).

Contour augmentation during 
implant placement was performed 
in 56% of the sites (51 of 91 sites), 
ranging from 25% in the AG/PRGF 
and XG/PRGF groups to 78% in the 
cellular AG group. The differences 
in the percentages among treat-

ment groups were not statistically 
significant. Significantly lower odds 
of needing additional contour aug-
mentation were associated with us-
ing a complete denture as the provi-
sional restoration (vs no provisional 
restoration; OR = 0.03, P < .001) and 
posterior location (vs anterior; OR = 
0.21, P = .016) (Table 4). Only 7.5% of 
sites (2 of 27) covered by complete 
dentures needed contour augmen-
tation, while 72.5% to 85.7% of sites 
covered by either nothing or other 
provisional restorations received 
grafting. 

Table 2 Descriptive Statistics of All Treatment Groups 

AG +  
rhPDGF

AG +  
PRGF AG + NB

Cellular 
AG

XG +  
rhPDGF

XG + 
PRGF XG + BMP

Total /
gross 
mean

Use of a colla-
gen membrane 

N Y Y N N Y N

Mesh, n 26 6 10 6 4 3 3 58

Implant sites, n 36 8 14 9 12 8 4 91

Ridge width, mm

  Initial 2.2 ± 1.0 2.0 ± 1.0 2.2 ± 1.0 1.4 ± 0.8 2.4 ± 1.3 1.8 ± 0.3 1.0 ± 0.6 2.0 ± 1.0

  Final 6.6 ± 1.4 6.6 ± 1.1 7.4 ± 1.1 5.9 ± 0.9 7.1 ± 1.1 7.5 ± 1.0 5.7 ± 2.8 6.8 ± 1.4

Dimensional gain, mm

  Horizontal 4.5 ± 1.8 4.6 ± 1.7 5.2 ± 1.4 4.5 ± 1.3 4.7 ± 1.3 5.7 ± 1.0 4.7 ± 2.2 4.7 ± 1.6

  Vertical 3.4 ± 2.9 2.7 ± 1.1 2.3 ± 1.1 2.5 ± 1.4 2.8 ± 0.5 N/A 1.5 ± 0.7 2.8 ± 1.7

AG = allograft; rhPDGF = recombinant human platelet-derived growth factor; PRGF = platelet-rich growth factor; NB = no biomaterials;  
XG = xenograft; BMP = bone morphogenetic protein; Y = yes; N = no. 
Ridge width, horizontal gain, and vertical gain values are all presented as mean ± SD. 

Table 3 The Stepwise Linear Regression Analysis on the Horizontal Gain of Alveolar Ridge Width

Estimate SE t P

Gender – male 0.65 0.33 1.96 .0535

Location – posterior 0.77 0.32 2.46 .016*

Multiple R-squared: 0.2037
SE = standard error. 
*The difference between mean values of the treatment group (eg, location-posterior) and the reference group (eg, location-anterior) is statis-
tically significant (P < .05) when other factors were held at a fixed value. 
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Discussion

Vertical and horizontal regenera-
tion procedures allow for ideal im-
plant placement in the reconstruc-
tion of deficient alveolar ridges.20 
The use of Ti-mesh for implant site 
development procedures is well-
supported in the literature.21–23 Al-
though Ti-mesh is not cell-occlusive, 
its biocompatibility and handling 
properties that enable it to act as a 
form-stable scaffold are beneficial in 
3D augmentation procedures.23 The 
present study found that Ti-mesh 
with various combinations of bioma-
terials produced effective horizon-
tal and vertical bone gain, allowing 
prosthetically driven implant place-
ment if the space is well maintained 
and stabilized. 

Postoperative mesh exposure 
is the most common complica-
tion.21 Early exposure was report-
edly more detrimental to bone gain 
than late exposure.24 Two systemat-
ic reviews reported mean exposure 
rates of 16.1%21 and 34.8%22 (range: 
0% to 80%). In a recent systematic 
review regarding vertical augmen-
tation, other nonresorbable barrier 
membranes were reported to have 
a lower complication rate (6.9%) 
than Ti-mesh (20%).25 The mesh 
exposure rate of 22% in the pres-
ent study was consistent with sys-
temic reviews: The exposure risk 
increased as age increased. In the 
younger adults, only 3% (1 of 33) of 
implant sites had exposure, while 
the values were 23% and 36% in 
the middle-aged and older adults, 
respectively. While most studies 
did not report an association be-
tween age and exposure, the as-

sociation between aging and de-
layed wound healing and increased 
soft tissue fragility was biologically 
plausible.26 Other studies reported 
male gender27 and thin gingival 
biotype28 as being more likely to 
have exposure, while using  plate-
let concentrates27,28 over the mesh 
reduced the chance of exposure. 
Thick, soft tissue is advantageous 
because of the high volume of ex-
tracellular matrix collagen to with-
stand collapse and contraction, as 
well as the increased vascularity 
that boosts wound healing.29 Re-
movable provisional restorations 
should be passive to reduce the 
risk of flap dehiscence from loading 
over the surgical site.30 Although 
mesh exposure was related to re-
duced horizontal bone gain in oth-
er studies,24,28 the difference in the 
present study was not statistically 
significant. No mesh was removed 
early in the present study, though 
one systematic review reported 
the necessity for early removal at 
22.8%.21 It is possible that the soft 
tissue migrates under the exposed 

mesh, protecting the graft from in-
fection and limiting the amount of 
resorption. Consistent with other 
studies,22 mesh exposure did not 
interfere with successful implant 
placement in the present study. 

The dimensional changes in 
bone volume in the present study 
were consistent with previous Ti-
mesh studies. In a randomized clini-
cal trial of 30 patients,28 effective 
bone augmentation was achieved 
using Ti-mesh with or without  
platelet-rich plasma (PRP). In the 
PRP group, the mean horizontal and 
vertical gains were 4.1 ± 0.6 mm 
and 3.5 ± 0.7 mm, respectively. The 
values in the non-PRP group were 
3.7 ± 0.6 mm for width gain and 
3.1 ± 0.8 mm for height gain. One 
systemic review reported a mean 
horizontal augmentation of 4.36 mm 
(range: 3.75 to 5.65 mm) and a mean 
vertical augmentation of 4.91 mm 
(range: 2.56  to 8.6 mm).22 While 
not all included studies reported 
implant-related data, the survival 
rate was 100% among the 130 ana-
lyzed implants.22 

Table 4  The Stepwise Logistic Regression Analysis on the Need for 
Contour Augmentation

OR (95% CI) P

Location – posterior 0.21 (0.06–0.75) .016*

Provisional – fixed 0.82 (0.13–5.27) .838

Provisional – TPD 1.13 (0.19–6.92) .893

Provisional – CD 0.02 (0.004–0.13) < .001*

Null deviance: 124.82 on 90 degrees of freedom 
OR = odds ratio; CI = confidence interval; TPD = transitional partial denture; 
CD = complete denture.
*The difference between the odds of needing contour augmentation at the treatment 
group (eg, provisional – CD) and the reference group (eg, provisional – nothing) are statisti-
cally significant (P < .05) when other factors were held at a fixed value. In the model, the 
reference groups were: location – anterior and provisional – nothing. 
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Conclusions

With the limitations of this retro-
spective study, Ti-mesh used with 
a variety of biomaterials is an effec-
tive technique for implant site de-
velopment in the maxilla. All cases 
had sufficient bone gain for implant 
placement, and the small differences 
in horizontal bone gain among dif-
ferent combinations of bone grafts 
and biologics were not statistically 
significant. Older adults seemed to 
have a higher chance of mesh ex-
posure than the younger adults. Pa-
tients, especially those undergoing 
procedures in the anterior region, 
should be informed of the possibil-
ity of additional contour bone graft-
ing at the time of implant placement 
to achieve the desirable bone thick-
ness buccal to the implants for long-
term implant success.
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