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We describe the restorative treatment of an 86-year-old female patient who was referred to our specialist prosthodontics clinic.
Due to secondary osteoporosis, she underwent oral antiresorptive therapy with ibandronic acid for 10 years. Although she was
classified as a patient at increased risk of drug-induced osteonecrosis of the jaw, she eventually signed a consent form for fixed
implant-supported prosthetic rehabilitation in her 4th sextant. However, after tooth extraction, the bone ridge was too small at
the intended implant positions. Therefore, guided bone regeneration was performed with a computer-aided design/computer-
aided manufacturing three-dimensional printed titanium mesh. Finally, a continuous augmented hard tissue ridge above 7mm
was found, and three implants were inserted. Eventually, after four months of submerged healing, the implants were loaded
with single crowns. Now, the patient is seen regularly for supportive peri-implant therapy.

1. Introduction

In our time, prosthetic rehabilitation of missing teeth with
dental implants has become a predictable treatment option
[1, 2]. However, a common clinical problem in implant den-
tistry is the lack of sufficient bone width and bone height to
allow for prosthetically driven implant position and place-
ment [3]. In view of this, scientific evidence supports lateral
[3, 4] and vertical [3, 5] bone augmentation prior to implant
placement as effective procedures to achieve sufficient ridge
width and height for implant placement. In this context,
guided bone regeneration (GBR)—in principle, the application
of a barrier membrane to exclude cells from the soft tissue to
allow protected migration of osteoblasts and eventually bone
formation [6]—with resorbable, collagenous barrier mem-
branes in combination with space maintaining xenografts is
considered useful and predictable [3–5, 7]. However, such a
combination might lack mechanical stability, which ultimately
leads to a smaller increase in bone volume [4, 9]. To overcome
this, individualized computer-aided design/computer-aided

manufacturing (CAD/CAM) three-dimensional printed tita-
nium meshes have been successfully introduced into GBR [10].

Here, we present the rehabilitation of the posterior man-
dible—in an elderly patient previously under bone resorptive
therapy—with implants and implant-supported single
crowns after guided bone augmentation supported by a
printed titanium mesh.

2. Patient Information

An 86-year-old female patient was referred to our specialist
prosthodontic clinic in August 2018 for comprehensive ther-
apy due to a vertical root fracture on tooth 35 (Figure 1) and
the patient’s desire for fixed rehabilitation. She presented
with fixed, tooth- and implant-supported prosthetic restora-
tions that were fitted about 17 years ago. But in recent years,
she has not seen a dental hygienist or a general dentist regu-
larly. She has also never smoked and is mentally and physically
fit. However, due to secondary osteoporosis, she underwent
oral antiresorptive therapy with ibandronic acid (i.e., one
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150mg tablet once a month; Bonviva®, Future Health Pharma
GmbH, Wetzikon, Switzerland) from 2005 to 2015. For the
treatment of osteoporosis, she continues to take Calciduran®
vitamin D3 tablets (calcium carbonate; Recipharm Stockholm
AB, Jordbro, Sweden) once a day and Oleovit® D3 drops (cole-
calciferol; Fresenius Kabi Austria GmbH,Graz, Austria) once a
week. The patient is otherwise healthy. Her chief complaint
was bite pain in the lower left posterior mandible. In addition,
she insisted on fixed prosthodontic rehabilitation.

3. Clinical and Radiographic Findings

In brief, at intake, teeth 13, 12, 11, 21, 22, 23, 24, 25, and 27 as
well as implants in regions 15 and 16 were present with corre-
sponding fixed prostheses (Figure 2). Due to insufficient
crown margins, caries, tooth mobility, and peri-implant bone
loss, it was decided to extract all teeth in the maxilla and reha-
bilitate it with a one-piece fixed dental prosthesis (FDP) on
seven implants (Table 1 and Figure 3). This treatment will
not be presented and discussed in detail in this case report.
In the mandible, teeth 37, 35, 34, 33, 32, 31, 41, 42, 43, 44,
and 48 were present with corresponding fixed prostheses
(Figure 2). Here, extractions of 37 (insufficient root canal
treatment), 35 (vertical root fracture), and 34 (insufficient
root canal treatment associated with peri-apical radiolu-
cency), and replacement with three implant-borne single
crowns were planned. No intervention was planned for the
6th sextant (Table 1). In addition, the patient had acceptable
oral hygiene (Approximal Plaque Index 28%) but is prone
to periodontitis (could be classified as stage III, grade B [11]).

4. Timeline

The timeline for the treatment of the left posterior mandible
is shown in Table 2.

5. Therapeutic Intervention

As mentioned above, in the 4th sextant, the extractions of
teeth 34 due to insufficient root canal treatment associated

with peri-apical radiolucency, 35 due to a vertical root frac-
ture, and 37 due to insufficient root canal treatment (as well
as assuming that it would be unreasonable to treat and retain
this tooth under the concept of prosthetic rehabilitation with
implant-supported single crowns), and subsequent rehabilita-
tionwith three implant-supported single crownswere planned.

6. Risk Assessment for Medication-Related
Osteonecrosis of the Jaw

Due to secondary osteoporosis, the patient had been taking
oral antiresorptive medication (i.e., the bisphosphonate
ibandronic acid, one 150mg tablet once per month; Bon-
viva®, Future Health Pharma GmbH) from 2005 to 2015.
Unfortunately, drug-induced osteonecrosis of the jaw
(medication-related osteonecrosis of the jaw [MRONJ])
has been reported as a rare side effect of bisphosphonates.
It is defined as exposed bone or bone that can be probed
through an intraoral or extraoral fistula in the jaw region
that has been present for more than eight weeks in
patients who have been treated with anti-resorptive drugs
in the past, without radiotherapy to the jaw or obvious
metastatic disease of the jaw [12]. In this context, it should
be understood that dentoalveolar surgery (e.g., GBR or place-
ment of dental implants) is considered a risk factor for
MRONJ [13]. However, the risk ofMRONJ, for example, after
the placement of dental implants, is unknown [14, 15]. How-
ever, as bisphosphonates are known to remain in the body for
a considerable time after cessation of use, it is recommended
that patients who have taken the drug for more than five years
should be assigned to a risk group as if they were still taking
the drug. [13]. Therefore, the patient was classified as a higher
risk patient [13]. This risk assessment was discussed between
the treating dentists and, of course, with the patient. Finally,
the patient gave informed consent to the treatment (i.e.,
GBR and dental implants).

7. GBR—Planning

After the extraction of teeth 34, 35, and 37 and thirteen
months of bone healing, a digital volume tomography
(DVT) of the jaws was made in June 2020 for final treatment
planning. Tapered Screw Vent TSVTMTX Zimmer Biomet™
implants (Zimmer Biomet Holdings Inc., Warsaw, IN, USA)
were considered. The minimum diameter of this type of

Figure 1: Radiograph tooth 35 at intake August 2018.

Figure 2: DPT section at intake August 2018.

2 Case Reports in Dentistry



implants used for the replacement of premolars and molars is
3.7mm, and the minimum length is 8mm. When measuring
the intended implant positions in regions 34, 35, and 36, the
bone crest was found to be too narrow (<5mm; Figures 4–6).
Therefore, a GBR with a CAD/CAM-printed three-
dimensional titanium mesh (YxOss CBR®; ReOss®, Filder-
stadt, Germany) in combination with autogenous bone (AB)
and xenografts (Bio-Oss®/Bio-Gide®; Geistlich, Baden-Baden,
Germany) was planned and prepared.

To create the conditions for successful implant place-
ment and osteointegration, the first step was to simulate a

primary horizontal augmentation to 8mm in the 34–37
regions on the patient’s DVT (Orthophos SL 3D, Dentsply
Sirona Deutschland GmbH, Bensheim, Germany) from June
2020. The data were uploaded to and discussed with experi-
enced clinical consultants (ReOss®, Filderstadt, Germany).
Based on this, an individual YxOss CBR® titanium mesh
was designed and visualized by ReOss® (Figure 7). After
evaluation of the three-dimensional design and position by
the treating specialist dentist, it was manufactured and
delivered.

7.1. GBR—First Surgical Intervention. On July 9, 2020, the
corresponding surgical procedure was performed. As preme-
dication, the patient received 40mg Urbason® (methylpred-
nisolone; Sanofi-Aventis Deutschland GmbH, Frankfurt,
Germany), 1 g Augmentin® (amoxicillin + clavulanic acid;
GlaxoSmithKline Pharma GmbH, Vienna, Austria), and
600mg Ibuprofen® (nonsteroidal anti-inflammatory pain-
killer; BASF, Ludwigshafen, Germany) one hour before the
surgery. Furthermore, regions 38–33 were anaesthetized
with a total of 5.1ml Ultracain® D-S forte (Sanofi-Aventis
Deutschland GmbH, Frankfurt am Main, Germany). Then,
after a mid-crestal incision form region 38 into the gingival
sulcus of 33 and a realising incision into the vestibulum dis-
tal to 33, a muco-periosteal flap was prepared (Figure 8).

Table 1: DPT, dental status at intake, and treatment planning.

Treatment plan
FDP

I I I I I I I
X X X X X X X X X X X

Dental status

FDP FDP FDP

M M I I M M M

8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8

Dental status

8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8

M M M M

FDP FDP

Treatment plan
I I I

SC SC SC

M: Missing tooth. I: Implant. X: To be extracted or explanted. SC: Single crown. FDP: Fixed dental prosthesis.

Figure 3: Section of a DPT immediately after cementation of the
single crowns.
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Next, the sterilized YxOss CBR® titanium mesh was tried on
and checked for accuracy of fit. Buccal cortical bone was
then harvested apically and distally to the final mesh posi-
tion for mixing with a xenograft (Safescraper™ Twist Corti-

cal Bone Collector; Zimmer Biomet Austria GmbH, Vienna,
Austria). Subsequently, to support adequate healing of the
bone graft, the crestal and buccal cortical bone of the bed
to be augmented was perforated with a drill (alveolar process

Table 2: Chronological order of the treatment.

Timeline—left posterior mandible

Intake August 2018

Clinical examination

DPT

Articulated models of maxilla and mandible

Preliminary treatment plan and initial treatment Up to June 2020

Oral hygiene improvement

Non-surgical periodontal therapy

Extraction of teeth 34, 35, and 37

Supportive therapy 4 times per year

DVT June 2020

Definitive treatment plan

Implant positions

CAD-titanium mesh for guided bone regeneration

First surgical approach (i.e., GBR) July 2020

CAM-printed titanium mesh (YxOss®; ReOss, Filderstadt, Germany)

Xenografts (Bio-Oss®/Bio-Gide®; Geistlich, Baden-Baden, Germany)

Submerged healing

Second surgical approach May 2021

Removal of the titanium mesh

Implant placement (Tapered Screw Vent Zimmer Biomet™; Zimmer Biomet Holdings Inc., IN, USA)

Submerged healing

Third surgical approach August 2021

Uncovering of the implants

Healing abutments

Prosthodontics (i.e., loading the implants)

Individualized titanium abutments

Monolithic, coloured SCs (Zirkon GEN-X®; Amman Girrbach™, Koblach, Austria)

Cemented (KetacCem®; 3M; Vienna, Austria)

DPT: digital panoramic tomography. DVT: digital volume tomography. GBR: guided bone regeneration. CAD: computer assisted design. CAM: computer
assisted manufacturing. SC: single crown.

Figure 4: DVT—section region 34.
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drill: diameter 1.2mm and length 8mm; Straumann Hold-
ing AG, Basel, Switzerland). After repositioning the YxOss
CBR® titanium mesh, holes were drilled through the corre-
sponding mesh openings (alveolar process drill; Straumann

Holding AG), and the mesh was screwed onto the bone with
four titanium screws (titanium osteosynthesis screws: diam-
eter 1.5mm and length 8mm; Straumann Holding AG;
Figure 9). Then, 0.5 g Bio-Oss® small granules (0.25–1mm)
and 2 g Bio-Oss® large granules (1–2mm) were mixed with
autologous bone and blood from the surgical site and placed

Figure 5: DVT—section region 35.

Figure 6: DVT—section region 36.

Figure 7: Individualized YxOss CBR® titanium mesh designed and
visualized by ReOss®.

Figure 8: Muco-periosteal flap in the 4th sextant.
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in the titanium mesh (Figure 10). Thereafter, a Bio-Gide®
membrane (30mm × 40mm) was cut to cover the YxOss
CBR® titanium mesh and about 3mm of the surrounding
bone in a single layer. The membrane was stabilized in posi-
tion with three titanium pins (Straumann Holding AG;
Figure 11). To ensure tension-free wound closure, underly-
ing vertical mattress sutures with absorbable suture material
(Vicryl 4-0; Ethicon, Johnson & Johnson Medical GmbH,
Norderstedt, Germany) were placed. Primary wound closure
was achieved with a continuous suture (GORE-TEX® Suture
CV5; W.L Gore & Associates, Phoenix, AZ, USA). In addi-
tion, a sling suture was applied to 33 for coronal positioning
and stabilisation of the mucoperiosteal flap (Figure 12). A
digital pantomogram (DPT) was obtained immediately after
suturing (Figure 13). Augmentin® (2 g × 1 g daily, for 7 days)
and Ibuprofen® (3mg × 600mg daily, for 3 days, then as
needed) were prescribed, and the patient was again informed
about postoperative behaviour (e.g., cooling). An absence of
at least three weeks from her interim prosthesis was agreed
with the patient. In addition, the patient was asked not to

brush the surgical area until the suture was removed, but
to rinse regularly (at least twice a day) with Chlorhexamed®
(0.1%; GlaxoSmithKline Consumer Healthcare GmbH,

Figure 9: YxOss CBR® titanium mesh screwed onto the bone.

Figure 10: YxOss CBR® titanium mesh filled with the bone
replacement graft.

Figure 11: Bio-Gide® membrane stabilized in its position with
titanium pins.

Figure 12: GORE-TEX® suture in place.

Figure 13: DPT section after GBR surgery was completed.
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Munich, Germany) according to the instructions for use.
From the first postoperative day until the removal of the
sutures, the surgical area was checked and cleaned (cotton
swabs soaked with Chlorhexamed® 0.1%) every other day
(Figures 14 and 15). In addition, plaque on adjacent teeth
was removed with curettes (Hu-Friedy Mfg. Co., LLC.,
Frankfurt, Germany). Until suture removal, twelve days after
surgery, the wound healing was uneventful.

7.2. GBR—YxOss CBR® Titanium Mesh Removal. After an
uneventful—completely submerged—healing period of ten
months, the titanium mesh was surgically removed on April
20, 2021 (delay due to COVID-19; usually 6 months accord-
ing to Geistlich for BioOss®). As premedication, the patient
received 1 g Augmentin® and 600mg Ibuprofen® one hour
before the surgery. In addition, regions 38–33 were anaes-
thetized with a total of 6.8ml Ultracain® D-S forte. Then,
after a mid-crestal incision from region 38 into the gingival
sulcus of 33 (to keep the surgical area as small as possible
without releasing incision), a muco-periosteal flap was pre-
pared (Figure 16), and the YxOss CBR® titanium mesh, the
four associated titanium screws, and one titanium pin were
removed. Due to the decision to keep the surgical area as
small as possible, the disto-apical and distal titanium pins
were left in situ. Obviously, the graft was ossified (Figure 17).

7.3. Implant Placement. To plan the implant position, the
bone edges were smoothed, and a DVT was taken immedi-
ately after removal of the YxOss CBR® titanium mesh. A
continuous augmented hard tissue ridge, at the coronal mar-
gin above 7mm, was found. Furthermore, the augmented

hard tissue volume could be clearly distinguished from the
native bone. As mentioned above, Tapered Screw Vent
TSVT MTX Zimmer Biomet™ implants with a minimum
coronal diameter of 3.7mm and a minimum length of
8mm had to be considered for the replacement of premolars
and molars. When measuring the intended implant posi-
tions in regions 34, 35, and 36, the bone ridge was found
to be sufficient in width and height (width: >7mm, height
(distance from coronal edge to upper edge of mandibular
canal: >14mm; Figures 18–20). Figures 21–23 show the
approximate comparison of the hard tissue volume in the
different regions where the implants were to be placed before
and after GBR.

Immediately after planning the implant position, three
Tapered Screw Vent TSVT MTX Zimmer Biomet™ implants
(region 34: diameter 3.7mm and length 10mm; region 35:
diameter 3.7mm and length 10mm; region 36: diameter
4.1mm and length 10mm) were implanted slightly subcres-
tal with an insertion torque of 35Ncm each (Figure 24). Pri-
mary wound closure for healing of the submerged implants

Figure 14: Day 1 after surgery.

Figure 15: Day 7 after surgery.

Figure 16: Exposed YxOss CBR® titanium mesh.

Figure 17: Ossified graft after YxOss CBR® titanium mesh
removal.
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was achieved with interrupted single sutures (GORE-TEX®
suture CV5). A DPT was taken immediately after suturing
(Figure 25). Again, Augmentin® (2 g × 1 g daily, for 7 days)
and Ibuprofen® (3 g × 600mg daily, for 3 days, then as
required) were prescribed, and the patient was asked not to
brush the surgical area until the suture was removed, but
to rinse regularly (at least twice a day) with 0.1% Chlorhex-
amed®. From the first postoperative day until the removal of

the suture, the surgical area was checked and cleaned (cotton
swabs soaked with Chlorhexamed® 0.1%) every fourth day.
Plaque on the adjacent teeth was also removed with curettes.
Until the suture was removed, thirteen days after surgery,
wound healing was uneventful.

7.4. Prosthodontics and Supportive Therapy. In August 2021,
after four months of submerged healing, the prosthetic

Figure 18: DVT—section; implant position region 34.

Figure 19: DVT—section; implant position region 35.

Figure 20: DVT—section; implant position region 36.
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phase was initiated. In detail, after surgical exposure of the
implants and open impression technique (ImpregumTM
PentaTM; 3M Deutschland GmbH, Neuss, Germany), indi-
vidual single crowns and corresponding abutments were
finally designed (ExocadTM GmbH, Darmstadt, Germany).
The individual abutments were milled from Zimmer Bio-
met™ pre-milled abutment blanks (Zfx™ GenTek™ Tita-
nium Pre-milled Abutment Blank, 4.5mm diameter). In
addition, the matching single crowns were monolithically
milled from a zirconia oxide blank (zircon GEN-X®;
Amman Girrbach™, Koblach, Austria) and shaded accord-
ing to the patient needs. Finally, the crowns were cemented
onto the titanium abutments with KetacCem® (3MTM;
Vienna, Austria). Immediately after cementation, a DPT

was taken to check the exact fit and to exclude cement resi-
dues (Figure 3).

Thereafter, the patient received two further appoint-
ments, each two weeks apart, to (1) check and, if necessary,
correct static and dynamic occlusion and (2) check and, if
necessary, support oral hygiene. In the further course, the
patient was enrolled in a supportive therapy programme,
and visits were arranged every three months.

7.5. GBR—Calculated Hard Tissue Gain. Figure 26 shows an
overlay of DVTs before (2019) and after guided bone aug-
mentation (2021). For this purpose, the corresponding 3D
data sets were converted into 3D STL files using CoDiagnos-
tiX® software (Dental Wings™, Montreal, QC, Canada) and
then overlaid using Autodesk Netfabb 2020.0® software
(Autodesk™, San Rafael, CA, USA). Furthermore, a

Figure 21: DVT—sections; implant position region 34 before and
after GBR.

Figure 22: DVT—sections; implant position region 35 before and
after GBR.

Figure 23: DVT—sections; implant position region 36 before and
after GBR.

Figure 24: Tapered Screw Vent TSVT MTX Zimmer Biomet™
implants inserted in region 34, 35, and 36.

Figure 25: DPT—section; Tapered Screw Vent TSVT MTX
Zimmer Biomet™ implants inserted in region 34, 35, and 36.
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matching was performed with the software Final Surface®
(Gesellschaft zur Förderung angewandter Informatik e.V.,
GFaI, Berlin, Germany; modified best-fit method), and a vol-
ume gain of 1.3–1.4 cm3 was calculated. However, it should
be clearly stated that this calculation method is not validated
and that some referencing error (i.e., inaccuracies due to,
e.g., artefact reduction during digital processing of the data-
sets used or conversion into STL files) remains in the 3D
composite image.

8. Discussion

Here, we describe the restorative treatment of an 86-year-old
patient who was referred to our specialist prosthodontics
clinic in August 2018. Due to secondary osteoporosis, she
received oral antiresorptive therapy with ibandronic acid
from 2005 to 2015. Despite being classified as a patient at
higher risk of MRONJ [13], she insisted on fixed implant-
supported prosthetic rehabilitation in her 4th sextant and
eventually signed the informed consent form. However, after
extraction of teeth 34, 35, and 37 and thirteen months of
bone healing, it was found that the coronal aspect of the
bone ridge was too small (<5mm horizontally) at the
planned implant sites in regions 34, 35, and 36. Therefore,
GBR was performed with a CAD/CAM-printed three-
dimensional titanium mesh in combination with AB and a
xenographic bone replacement graft. To create the condi-
tions for successful implant placement and osseointegration,
a horizontal augmentation of 8mm ridge width in regions
34–37 was planned and performed. After ten months of sub-
merged healing, a new DVT was taken, and a hard tissue
ridge was found at the coronal margin, which was consis-
tently above 7mm. This allowed three implants (region 34:
diameter 3.7mm and length 10mm; region 35: diameter
3.7mm and length 10mm; region 36: diameter 4.1mm and
length 10mm) to be placed slightly subcrestal with an inser-
tion torque of 35Ncm each. After a four-month healing
phase, the implants were finally restored with single crowns.

Now the patient is seen regularly—every three months—for
supportive peri-implant therapy.

During treatment planning, the previous antiresorptive
therapy with Bonviva® (i.e., orally administered, 150mg tab-
lets once monthly; therapeutic indication: treatment of oste-
oporosis in postmenopausal women [16]) was critically
reviewed. Each tablet of Bonviva® contains 150mg ibandro-
nic acid (molecular formula: C9H23NO7P2; structural formula:
[1-hydroxy-3-(methylpentylamino)propylidene]diphospho-
nic acid), a medicine from the group of bisphosphonates for
the treatment of, for example, osteoporosis. Hence, Bonviva®
belongs to the pharmacological group of medicinal products
for the treatment of bone diseases, bisphosphonates, and its
Anatomical Therapeutic Chemical Classification System code
is M05-BA06. Thereby, ibandronic acid is a highly effective
bisphosphonate that belongs to the group of nitrogen-
containing bisphosphonates (N-BPs; group of so called power-
ful antiresorptives [pARs]) that act selectively on bone tissue
and specifically inhibit osteoclast activity without directly
affecting bone formation. It does not interfere with osteoclast
recruitment. Consequently, it leads to a progressive net
increase in bone mass due to the reduction in increased bone
turnover to premenopausal levels in postmenopausal women
[16]. The principle molecular mechanisms underlying the
inhibition of bone resorption by osteoclasts mediated by iban-
dronic acid are known. In brief, since bisphosphonates target
bone mineral and osteoclasts are capable of releasing bone-
bound bisphosphonate, a direct effect on mature osteoclasts
appears to be the most important route of action. Ibandronic
acid seems to act as analogues of isoprenoid diphosphate
lipids, thereby inhibiting farnesyl diphosphate synthase. Inhi-
bition of this enzyme in osteoclasts prevents the biosynthesis
of isoprenoid lipids (farnesyl pyrophosphate and geranylgera-
nyl pyrophosphate), which are essential for posttranslational
farnesylation and geranylgeranylation of small GTPase signal-
ling proteins. Then, the loss of bone resorptive activity and
osteoclast apoptosis is primarily a consequence of the loss of
these geranylgeranylated small GTPases [17].

Unfavourably, MRONJ is a potentially severe adverse
event affecting patients with osteoporosis (this applies also
to patients with cancer, of course) who have been treated
with, for example, N-BPs, pARs [18] as ibandronic acid.
Thus, the European Public Assessment Report of the Euro-
pean Medicines Agency for Bonviva® lists osteonecrosis of
the jaw (ONJ; i.e., MRNOJ) as a very rare adverse reaction
(<1/10,000) reported in post-marketing settings in postmen-
opausal women receiving Bonviva 150mg once monthly
[16]. However, it should not be left unmentioned that this
is generalized in a footnote to “Cases of osteonecrosis of
the jaw have been reported, predominantly in cancer
patients treated with medicinal products that inhibit bone
resorption, such as ibandronic acid. Cases of ONJ have been
reported in the post-marketing setting for ibandronic acid.”
[16] And thus, also for Bonviva®, indicating, and consistent
with published data, that pAR-related MRONJ has similar
general MRONJ pathophysiology in cancer and osteoporosis
patients [12, 19, 20], but that pAR-related MRONJ occurs
less frequently in patients treated for osteoporosis (incidence
of 0.01–0.03%) than in cancer patients (incidence of 1.8–5%)

Figure 26: Graphical representation of the volume gain. The colour
coding divides the gain from 0.0mm (yellow) to 4.0mm (red) at the
respective positions of the third quadrant.
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[12, 19, 21, 22]. Accordingly, that pAR-treated patients are
at risk for MRONJ is reflected in guidelines [13, 23]. On this
basis, we primarily classified our patient as being at higher
risk of developing MRONJ. However, preclinical and clinical
data suggest that most MRONJ cases require systemic risk
factors (e.g., pARs) in combination with local oral risk fac-
tors, including inflammatory dental disease (e.g., periodonti-
tis), tooth extractions, trauma from removable dentures, and
possibly placement of dental implants [12, 19, 20, 24–39]. Be
that as it may, even when looking very cautiously at scientific
papers published to date, there seems to be convincing evi-
dence that placing dental implants in patients receiving oral
bisphosphonate therapy (as opposed to intravenous bisphos-
phonate therapy) has no significant negative impact on the
development of MRONJ, implant survival, and implant suc-
cess rate alone [15, 39–44]. Furthermore, since the teeth 34–
37 would have had to be extracted anyway and periodontitis
was successfully treated in advance and, moreover, as the
general pathophysiology of MRONJ associated with pAR is
at least similar in cancer and osteoporosis patients, and there-
fore trauma from removable dentures could be a theoretical
risk factor for the development of MRONJ in patients with
oral pAR therapy [35, 38], and since the patient presented
here was otherwise healthy (i.e., beside an age of more than
60 years and female sex, no other non-dental risk factors for
developing MRONJ; for review seeWan et al. [24]), we finally
categorised her as a patient at lower risk for the development
of MRONJ and were willing to realize the patient’s request for
a fixed—implant-supported—prosthetic restoration. How-
ever, the actual statistical or even individual risk of developing
MRONJ (during or) after oral therapy for postmenopausal
osteoporosis with Bonviva® following GBR and dental
implantation remains unknown. All this was discussed with
the patient in detail. Finally, the patient agreed to the therapy
and signed the corresponding consent form. It should not go
unmentioned that the treatment outcome confirms our
assessment regarding not developing MRONJ.

Since oral surgical procedures should generally be con-
sidered risk factors for the development of MRONJ also in
patients on oral pAR therapy (e.g., tooth extraction, bone
augmentation, and implant placement), we chose a multi-
stage approach. First, although the evidence especially for
oral pAR therapy should be regarded as low, the teeth 34,
35, and 37 were extracted under a preventive protocol [28,
45–48]. In brief, before extraction, care was taken (especially
in the 3rd quadrant) to ensure that plaque was reduced as
much as possible and that there were no clinical signs of
gingivitis [28]. As premedication, the patient received 1 g
Augmentin® and 600mg Ibuprofen® one hour before the
intervention. In addition, immediately before tooth extrac-
tion, the oral cavity was thoroughly rinsed with Chlorhex-
amed® FORTE 0.2% for one minute. Furthermore, tension-
relieving incisions were made for tooth extraction, bone
edges were removed after the extraction, and the entire
wound was completely closed in a passive manner (i.e., ten-
sion-free) [28, 46, 47]. In addition, Augmentin® (2 g × 1 g
daily, for 7 days) and Ibuprofen® (3mg × 600mg daily, for
3 days, then as required) were prescribed. Furthermore, the
patient was asked not to brush the surgical area until suture

removal, but to rinse regularly (at least twice a day) with
Chlorhexamed® 0.1%. Starting on the first post-surgical
day until suture removal, the surgical area was checked
and cleaned (cotton swabs soaked in Chlorhexamed® 0.1%)
every second day. In addition, plaque on adjacent teeth
was removed with curettes (Hu-Friedy Mfg. Co., LLC.).
Until suture removal, wound healing was uneventful. Based
on this experience, this prevention protocol was used
accordingly for bone augmentation and implantation.

In general (i.e., not for patients with previous or current
oral pAR therapy), the available evidence suggests that pre-
dictable correction of horizontal bone deficits that allow
implant placement is possible through bone augmentation
procedures (for review, see Naenni et al. [4]). In this system-
atic review and meta-analysis, various methods (but not
graft-stabilising techniques with, e.g., a titanium mesh) and
materials for lateral bone augmentation were analysed. The
mean horizontal hard tissue gain was calculated to be
3.30mm (95% confidence interval (CI): 2.81–3.79mm; pre-
diction interval (PI): 0.96–5.65mm) for all available studies
(i.e., twenty studies) and to 3.43mm (95% CI: 2.83–
4.03mm; PI: 1.31–5.55mm) for only seven studies that pre-
sented data for all three time points investigated (pre-aug-
mentation, post-augmentation, and re-entry). Furthermore,
the mean decrease of the augmented horizontal hard tissue
was calculated as −1.33mm (95% CI: −1.78 to −0.88mm;
PI: −2.98 to 0.32mm (all studies) and −1.54mm (95% CI:
−2.17 to −0.91mm; PI: −3.77 to 0.69mm (seven studies with
data for all three time points). This means, however, that due
to the high variability of hard tissue augmentation achieved,
predictability for actual treatment (for not graft-stabilising
techniques with, e.g., a titanium mesh) is certainly difficult.

Moreover, for Bonviva® in particular, there was (and still
is to our knowledge) no published evidence regarding bone
augmentation procedures. For that reason, during treatment
planning, it was assumed that since Bonviva® does not inter-
fere with osteoclast recruitment and leads to an increase in
bone mass [16], new bone formation should not be compro-
mised during bone augmentation (i.e., GBR), and therefore,
correction of the horizontal bone deficit should be predict-
ably possible in the current patient to allow implant place-
ment. Since, as mentioned above, any oral surgery should
be considered a risk factor for the development of MRONJ,
even in patients receiving oral pAR therapy, defect augmen-
tation was not performed with bone harvested intraorally
from a second surgical site (chin, ramus mandibulae), but
for mixing with a xenograft, buccal cortical bone was col-
lected apical and distal to the final mesh position with a
Safescraper™.

For the augmentation method in the present case (i.e.,
Bio-Oss® mixed with AB, and Bio-Gide®; but not stabilized
with a titanium mesh), there is some evidence regarding lat-
eral hard tissue gain, graft reduction during wound healing,
and predictability of implant placement [49]. In brief, in a
randomized clinical trial (RCT) Bio-Oss®, particles were
mixed by weight with AB particles either in a ratio of
90 : 10 (mean; 1.2 g Bio-Oss® : 0.14 g AB) or in a ratio of
60 : 40 (mean; 1.1 g Bio-Oss® : 0.7 g AB) together with autog-
enous blood from the surgical site. However, in contrast to
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the present case, 0.25ml of fibrin glue was added to each of
the graft mixtures to make the graft moldable and prevent
the particles from migrating from the augmented area.
Finally, all grafts were covered by Bio-Gide® membranes
without further fixation. The width of the alveolar ridge
ranged preoperatively from 1.6 to 6.1mm and 1.4 to
6.5mm, 3 and 6mm from the top of the alveolar ridge,
respectively. After a submerged healing period of approxi-
mately 7.5 months, the hard tissue gain was 0.4–6.3mm
(graft reduction: 0–94.9%) and 0.4–6.3mm (graft reduction:
−8.6% to 89.7%), 3 and 6mm from the upper edge of the
alveolar ridge, respectively. Finally, all the implants could
be placed in all the planned locations, except for one, where
the ridge was still too narrow, and the graft was very soft at
this point. As noted for the review and meta-analysis by
Naenni et al. [4], this again means that due to the high var-
iability of hard tissue gain and graft reduction, predictable
treatment planning (i.e., predictable implant placement)
with the method and material used may indeed be difficult.
In addition, Meijndert et al. [50–52] studied Bio-Oss® in
combination with Bio-Gide® in one group (five patients) of
a parallel-group RCT. In brief, all patients had a single-
tooth diastema in the anterior region of the maxilla. Bio-
Oss® was mixed with blood from the surgical site (but,
unlike the present case, not mixed with AB, and no graft sta-
bilising titanium mesh was used) and covered with a Bio-
Gide® membrane. After six months of submerged healing,
ridge enlargement of 2–3mm was reported [50]. Two
implants inserted in a Bio-Oss®/Bio-Gide® graft failed to
osseointegrate and were lost within six months of placement
[52]. In addition, the marginal peri-implant bone loss
between 1 and 120 months after prosthetic loading (i.e.,
crown placement) was calculated to be −0.64mm (SD:
1.46mm) at mesial and −0.37mm (SD: 1.47mm) at distal
sites in the Bio-Oss®/Bio-Gide® group. During this 10-year
period, no further implant in the Bio-Oss®/Bio-Gide® group
was lost [52]. But again, predictable treatment planning for
long-term implant success may be difficult with the method
and material used.

Therefore, to augment the region 34–37 predictably for
successful implantation and osseointegration, a graft-
stabilising three-dimensional printed titanium mesh for hor-
izontal bone augmentation of up to 8mm was planned and
used in the present case. The graft biomaterials used were
Bio-Oss® (mixed with AB and blood from the surgical site)
and a Bio-Gide® membrane (to prevent ingrowth of connec-
tive tissue and to ensure osteogenic potential in the marginal
area of the graft), stabilized with titanium pins. After a sub-
merged healing period of ten months, a continuous aug-
mented hard tissue ridge, at the coronal margin above
7mm, was found, and all three implants could be placed in
a prosthodontically driven position with an insertion torque
of 35Ncm each. Furthermore, after four months of sub-
merged implant healing, the implants were clinically stable
(i.e., osseointegrated) and restored with single crowns. Thus,
the lateral bone width gain in the entire augmentation area
in the 4th sextant was approximately between more than
3mm and more than 5mm. This is within the 95% predic-
tion interval of bone width gain of the systematic review

and meta-analysis on lateral bone augmentation before
implant placement without graft stabilising techniques
(e.g., a titanium mesh) published by Naenni et al. [4] and
within the range of bone width gain (without graft stabilising
technique) in the study by Mordenfeld et al. [49]. Moreover,
such a continuous increase in hard tissue was never observed
in our hands in similar GBRs without titanium mesh and
might be attributed to the positional stability of the augmen-
tation, which allows undisturbed bone healing free from
compressive loads and other physical influences. Further-
more, compared to the data of Naenni et al. [4] and Morden-
feld et al. [49], the associated graft reduction was minimal in
the current case.

Besides, there is a limited evidence for lateral bone aug-
mentation with a graft-stabilising titanium mesh in general
(for review see [53, 54]) and for the YxOss titanium mesh
in combination with Bio-Oss® mixed with AB and Bio-
Gide® in particular [55, 56] for lateral hard tissue gain,
wound healing, and predictability of implant placement. In
brief, Sagheb et al. [55] retrospectively analysed GBR (i.e.,
Bio-Oss® mixed with AB (AB form different intraoral donor
sites and from the iliac crest or AB alone/YxOss titanium
mesh/Bio-Gide® plus platelet-rich fibrin (PRF) membrane
or Bio-Gide® alone) in 17 patients with 21 principally
three-dimensional bone defects (i.e., vertical and horizontal
bone augmentation). The postoperative healing was
uneventful in 14 GBR sites (67%) during the follow-up time
of six months until re-entry. However, at seven GBR sites
(33%), exposure of the YxOss titanium mesh was observed
after periods of five to twelve weeks after the first-stage sur-
gery. Re-entry with explantation of the YxOss titanium mesh
and simultaneous implantation of 44 implants was per-
formed after six months. Cone beam computed tomography
was performed preoperatively and six months postopera-
tively to measure bone height and width. A mean vertical
bone gain of 6.5mm (SD: 1.7mm) and a mean horizontal
bone gain of 5.5mm (SD: 1.9mm) were observed. Further-
more, after a mean follow-up time of 12 months (SD: 6
months) after second-stage surgery, none of the 44 inserted
implants were lost, which corresponds to a survival rate of
100%. In the end, the authors only very generally concluded
that individualized CAD-CAM fabricated titanium meshes
are a safe and predictable procedure for large vertical and
horizontal ridge augmentations. Similar results are reported
by Hartmann and Seiler [56]. They also retrospectively ana-
lysed GBR (i.e., Bio-Oss® mixed with AB (in one patient,
only Bio-Oss®; AB from different intraoral donor sites and
from the iliac crest; ratio 1 : 1/YxOss titanium mesh/Bio-
Gide® or Bio-Gide® plus an Advanced- (A-PRF®) mem-
brane) in 55 patients with 68 three-dimensional bone defects
(i.e., vertical and horizontal bone augmentation). Overall
(i.e., Bio-Gide® or Bio-Gide® plus A-PRF® membrane),
exposure of the YxOss titanium mesh was observed in 25%
of treated defect sites (n = 17) in association with partial
(11.8%, n = 8) and complete (15%, n = 1) loss of graft mate-
rial. The YxOss titanium meshes were removed after a mean
healing time of 6.5 months (SD: 2.7 months). A total of 98
implants were placed as planned. These authors also very
generally concluded that the surgical protocol of individual
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bone regeneration has proven to be a promising technique
for complex bone reconstructions. But the variability of
GBR treatment performed in the studies of Sagheb et al.
[55] and Hartmann and Seiler [56] (vertical and horizontal
bone augmentation/different biomaterials) makes an actual
evidence-based, meaningful comparison with the case pre-
sented here difficult.

Nevertheless, this case shows that GBR with a CAD/
CAM-printed three-dimensional titanium mesh can predict-
ably fulfil the desire for fixed, implant-supported single
crowns, and a corresponding quality of life even in an older,
medically compromised patient.

However, this result should not be generalized (predict-
able horizontal bone augmentation width, minimum reduc-
tion of the graft) as such a statement would require clinical
trials with appropriate patient numbers.

9. Patient Perspective

To be able to describe an objective assessment of patient sat-
isfaction, the Oral Health Quality questionnaire with 53
questions was used for the evaluation. There was a clear
increase in the quality of life, and in particular, the patient
did not describe any problems or complaints with chewing
functionality or phonetics.

Data Availability

They are patient data. They are stored in our institution
(Danube Private University’s outpatient clinic in Krems,
Austria) and are not publicly accessible.

Consent

The patient gave informed consent on 20th July 2020.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This case report was not funded by third parties and was
performed as a part of the employment of the authors (Dan-
ube Private University).

References

[1] D. Buser, L. LSennerby, and H. De Bruyn, “Modern implant
dentistry based on osseointegration: 50 years of progress, cur-
rent trends and open questions,” Periodontology 2000, vol. 73,
no. 1, pp. 7–21, 2017.

[2] N. P. Lang, “Oral implants: the paradigm shift in restorative
dentistry,” Journal of Dental Research, vol. 98, no. 12,
pp. 1287–1293, 2019.

[3] S. Jepsen et al., “Regeneration of alveolar ridge defects. Con-
sensus report of group 4 of the 15th European workshop on
periodontology on bone regeneration,” Journal of Clinical
Periodontology, vol. 46, no. S21, pp. 277–286, 2019.

[4] N. Naenni, H. C. Lim, S. N. Papageorgiou, and C. H. F. Häm-
merle, “Efficacy of lateral bone augmentation prior to implant
placement: a systematic review and meta-analysis,” Journal of
Clinical Periodontology, vol. 46, Suppl 21, pp. 287–306, 2019.

[5] I. A. Urban, E. Montero, A. Monje, and I. Sanz-Sánchez,
“Effectiveness of vertical ridge augmentation interventions: a
systematic review and meta-analysis,” Journal of Clinical Peri-
odontology, vol. 46, Suppl 21, pp. 319–339, 2019.

[6] A. H. Melcher, “On the repair potential of periodontal tissues,”
Journal of Periodontology, vol. 47, no. 5, pp. 256–260, 1976.

[7] M. Sanz, C. Dahlin, D. Apatzidou et al., “Biomaterials and
regenerative technologies used in bone regeneration in the cra-
niomaxillofacial region: consensus report of group 2 of the
15th European workshop on periodontology on bone regener-
ation,” Journal of Clinical Periodontology, vol. 46, Suppl 21,
pp. 82–91, 2019.

[8] H. J. Haugen, S. P. Lyngstadaas, F. Rossi, and G. Perale, “Bone
grafts: which is the ideal biomaterial?,” Journal of Clinical Peri-
odontology, vol. 46, Suppl 21, pp. 92–102, 2019.

[9] C. H. F. Hämmerle and R. E. Jung, “Bone augmentation by
means of barrier membranes,” Periodontology, vol. 2003,
no. 33, pp. 36–53, 2000.

[10] A. Hartmann, M. Peetz, B. al-Nawas, and M. Seiler, “Patient-
specific titaniummeshes: future trend or current technology?,”
Clinical Implant Dentistry and Related Research, vol. 23, no. 1,
pp. 3–4, 2021.

[11] P. N. Papapanou, M. Sanz, N. Buduneli et al., “Periodontitis:
consensus report of workgroup 2 of the 2017 world workshop
on the classification of periodontal and peri-implant diseases
and conditions,” Journal of Clinical Periodontology, vol. 45,
Suppl 20, pp. S162–S170, 2018.

[12] S. L. Ruggiero, T. B. Dodson, J. Fantasia et al., “American Asso-
ciation of Oral and Maxillofacial Surgeons position paper on
medication-related osteonecrosis of the jaw–2014 update,”
Journal of Oral and Maxillofacial Surgery, vol. 72, no. 10,
pp. 1938–1956, 2014.

[13] (SDCEP), S.D.C.E.P. Oral Health Management of Patients at
Risk of Medication-related Osteonecrosis of the Jaw—Dental
Clinical Guidance, 2017, http://www.sdcep.org.uk.

[14] B. Owen andH. Bradley, “Is it safe to place implants in patients
at risk of MRONJ?,” Evidence-Based Dentistry, vol. 22, no. 3,
pp. 108–109, 2021.

[15] V. Mendes, G. O. dos Santos, M. D. Calasans-Maia, J. M.
Granjeiro, and V. Moraschini, “Impact of bisphosphonate
therapy on dental implant outcomes: an overview of system-
atic review evidence,” International Journal of Oral and Max-
illofacial Surgery, vol. 48, no. 3, pp. 373–381, 2019.

[16] EMAEPAR-BONOVIA-INFORMATION_EN. Annex I Sum-
mary of Product characteristics, 2022.

[17] M. J. Rogers, “New insights into the molecular mechanisms of
action of bisphosphonates,” Current Pharmaceutical Design,
vol. 9, no. 32, pp. 2643–2658, 2003.

[18] J. I. Aguirre, E. J. Castillo, and D. B. Kimmel, “Preclinical
models of medication-related osteonecrosis of the jaw
(MRONJ),” Bone, vol. 153, pp. 116184–116184, 2021.

[19] A. A. Khan, A. Morrison, D. A. Hanley et al., “Diagnosis and
management of osteonecrosis of the jaw: a systematic review
and international consensus,” Journal of Bone and Mineral
Research, vol. 30, no. 1, pp. 3–23, 2015.

[20] T. Kikuiri, I. Kim, T. Yamaza et al., “Cell-based immunother-
apy with mesenchymal stem cells cures bisphosphonate-

13Case Reports in Dentistry

http://www.sdcep.org.uk


related osteonecrosis of the jaw–like disease in mice,” Journal
of Bone and Mineral Research, vol. 25, no. 7, pp. 1668–1679,
2010.

[21] P. Rugani et al., “Prevalence of medication-related osteonecro-
sis of the jaw in patients with breast cancer, prostate cancer,
and multiple myeloma,” Dentistry Journal, vol. 4, no. 4, p. 32,
2016.

[22] R. E. Coleman, M. Collinson, W. Gregory et al., “Benefits and
risks of adjuvant treatment with zoledronic acid in stage II/III
breast cancer. 10 years follow-up of the AZURE randomized
clinical trial (BIG 01/04),” Journal of Bone Oncology, vol. 13,
pp. 123–135, 2018.

[23] S. Ruggiero, E. R. Carlson, and L. A. Assael, “Comprehensive
review of bisphosphonate therapy: implications for the oral
and maxillofacial surgery patient,” Journal of Oral and Maxil-
lofacial Surgery, vol. 67, no. s1, pp. 1–12, 2009.

[24] J. T. Wan, D. M. Sheeley, M. J. Somerman, and J. S. Lee, “Mit-
igating osteonecrosis of the jaw (ONJ) through preventive den-
tal care and understanding of risk factors,” Bone Research,
vol. 8, no. 1, p. 14, 2020.

[25] A. Soundia, D. Hadaya, N. Esfandi et al., “Osteonecrosis of the
jaws (ONJ) in mice after extraction of teeth with periradicular
disease,” Bone, vol. 90, pp. 133–141, 2016.

[26] M. Song, A. Alshaikh, T. Kim et al., “Preexisting periapical
inflammatory condition exacerbates tooth extraction-induced
bisphosphonate-related osteonecrosis of the jaw lesions in
mice,” Journal of Endodontia, vol. 42, no. 11, pp. 1641–1646,
2016.

[27] H. Katsarelis, N. P. Shah, D. K. Dhariwal, and M. Pazianas,
“Infection and medication-related osteonecrosis of the jaw,”
Journal of Dental Research, vol. 94, no. 4, pp. 534–539, 2015.

[28] T. Hasegawa, S. Hayashida, E. Kondo et al., “Medication-
related osteonecrosis of the jaw after tooth extraction in cancer
patients: a multicenter retrospective study,”Osteoporosis Inter-
national, vol. 30, no. 1, pp. 231–239, 2019.

[29] T. L. Aghaloo, B. Kang, E. C. Sung et al., “Periodontal disease
and bisphosphonates induce osteonecrosis of the jaws in the
rat,” Journal of Bone and Mineral Research, vol. 26, no. 8,
pp. 1871–1882, 2011.

[30] J. I. Aguirre, M. P. Akhter, D. B. Kimmel et al., “Oncologic
doses of zoledronic acid induce osteonecrosis of the jaw-like
lesions in rice rats (Oryzomys palustris) with periodontitis,”
Journal of Bone and Mineral Research, vol. 27, no. 10,
pp. 2130–2143, 2012.

[31] R. S. de Molon, S. Cheong, O. Bezouglaia et al., “Spontaneous
osteonecrosis of the jaws in the maxilla of mice on antiresorp-
tive treatment: a novel ONJ mouse model,” Bone, vol. 68,
pp. 11–19, 2014.

[32] J. G. Messer, J. M. Jiron, J. L. Mendieta Calle et al., “Zoledro-
nate treatment duration is linked to bisphosphonate-related
osteonecrosis of the jaw prevalence in rice rats with general-
ized periodontitis,” Oral Diseases, vol. 25, no. 4, pp. 1116–
1135, 2019.

[33] J. G. Messer, J. L. Mendieta Calle, J. M. Jiron et al., “Zoledronic
acid increases the prevalence of medication-related osteone-
crosis of the jaw in a dose dependent manner in rice rats
(Oryzomys palustris) with localized periodontitis,” Bone,
vol. 108, pp. 79–88, 2018.

[34] B. Kang, S. Cheong, T. Chaichanasakul et al., “Periapical dis-
ease and bisphosphonates induce osteonecrosis of the jaws in

mice,” Journal of Bone and Mineral Research, vol. 28, no. 7,
pp. 1631–1640, 2013.

[35] K. Vahtsevanos, A. Kyrgidis, E. Verrou et al., “Longitudinal
cohort study of risk factors in cancer patients of
bisphosphonate-related osteonecrosis of the jaw,” Journal of
Clinical Oncology, vol. 27, no. 32, pp. 5356–5362, 2009.

[36] L. Levin, A. Laviv, and D. Schwartz-Arad, “Denture-related
osteonecrosis of the maxilla associated with oral bisphospho-
nate treatment,” Journal of the American Dental Association
(1939), vol. 138, no. 9, pp. 1218–1220, 2007.

[37] L. M. Hess, J. M. Jeter, M. Benham-Hutchins, and D. S.
Alberts, “Factors associated with osteonecrosis of the jaw
among bisphosphonate users,” The American Journal of Med-
icine, vol. 121, no. 6, pp. 475–483.e3, 2008.

[38] A. Kyrgidis, K. Vahtsevanos, G. Koloutsos et al., “Bisphospho-
nate-related osteonecrosis of the jaws: a case-control study of
risk factors in breast cancer patients,” Journal of Clinical
Oncology, vol. 26, no. 28, pp. 4634–4638, 2008.

[39] C. Walter, B. al-Nawas, T. Wolff, E. Schiegnitz, and K. A.
Grötz, “Dental implants in patients treated with antiresorptive
medication – a systematic literature review,” International
Journal of Implant Dentistry, vol. 2, no. 1, p. 9, 2016.

[40] R. Gelazius, L. Poskevicius, D. Sakavicius, V. Grimuta, and
G. Juodzbalys, “Dental implant placement in patients on bis-
phosphonate therapy: a systematic review,” Journal of Oral &
Maxillofacial Research, vol. 9, no. 3, article e2, 2018.

[41] A. Stavropoulos, K. Bertl, P. Pietschmann, N. Pandis,
M. Schiødt, and B. Klinge, “The effect of antiresorptive drugs
on implant therapy: systematic review and meta-analysis,”
Clinical Oral Implants Research, vol. 29, Suppl 18, pp. 54–92,
2018.

[42] M. Nisi, F. la Ferla, D. Karapetsa et al., “Risk factors influenc-
ing BRONJ staging in patients receiving intravenous bispho-
sphonates: a multivariate analysis,” International Journal of
Oral and Maxillofacial Surgery, vol. 44, no. 5, pp. 586–591,
2015.

[43] M. Tallarico, L. Canullo, E. Xhanari, and S. M. Meloni, “Dental
implants treatment outcomes in patient under active therapy
with alendronate: 3-year follow-up results of a multicenter
prospective observational study,” Clinical Oral Implants
Research, vol. 27, no. 8, pp. 943–949, 2016.

[44] V. Chappuis, G. Avila-Ortiz, M. G. Araújo, and A. Monje,
“Medication-related dental implant failure: systematic review
and meta-analysis,” Clinical Oral Implants Research, vol. 29,
Suppl 16, pp. 55–68, 2018.

[45] S. Ferlito, C. Liardo, and S. Puzzo, “Dental extractions in
patient treated with intravenous bisphosphonates and risk of
osteonecrosis of jaws: presentation of a preventive protocol
and case series,” Minerva Stomatologica, vol. 59, no. 11–12,
pp. 593–601, 2010.

[46] S. Ferlito, S. Puzzo, and C. Liardo, “Preventive protocol for
tooth extractions in patients treated with zoledronate: a case
series,” Journal of Oral and Maxillofacial Surgery, vol. 69,
no. 6, pp. e1–e4, 2011.

[47] M. J. Heufelder, J. Hendricks, T. Remmerbach, B. Frerich,
A. Hemprich, and F. Wilde, “Principles of oral surgery for pre-
vention of bisphosphonate-related osteonecrosis of the jaw,”
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology,
vol. 117, no. 6, pp. e429–e435, 2014.

[48] E. Gaudin, L. Seidel, M. Bacevic, E. Rompen, and F. Lambert,
“Occurrence and risk indicators of medication-related

14 Case Reports in Dentistry



osteonecrosis of the jaw after dental extraction: a systematic
review and meta-analysis,” Journal of Clinical Periodontology,
vol. 42, no. 10, pp. 922–932, 2015.

[49] A. Mordenfeld, C. B. Johansson, T. Albrektsson, and
M. Hallman, “A randomized and controlled clinical trial of
two different compositions of deproteinized bovine bone and
autogenous bone used for lateral ridge augmentation,” Clinical
Oral Implants Research, vol. 25, no. 3, pp. 310–320, 2014.

[50] L. Meijndert, G. M. Raghoebar, P. Schüpbach, H. J. A. Meijer,
and A. Vissink, “Bone quality at the implant site after recon-
struction of a local defect of the maxillary anterior ridge with
chin bone or deproteinised cancellous bovine bone,” Interna-
tional Journal of Oral and Maxillofacial Surgery, vol. 34,
no. 8, pp. 877–884, 2005.

[51] L. Meijndert, G. M. Raghoebar, H. J. A. Meijer, and A. Vissink,
“Clinical and radiographic characteristics of single-tooth
replacements preceded by local ridge augmentation: a pro-
spective randomized clinical trial,” Clinical Oral Implants
Research, vol. 19, no. 12, pp. 1295–1303, 2008.

[52] C. M. Meijndert, G. M. Raghoebar, L. Meijndert,
K. Stellingsma, A. Vissink, and H. J. A. Meijer, “Single
implants in the aesthetic region preceded by local ridge aug-
mentation; a 10-year randomized controlled trial,” Clinical
Oral Implants Research, vol. 28, no. 4, pp. 388–395, 2017.

[53] Y. Xie, S. Li, T. Zhang, C. Wang, and X. Cai, “Titanium mesh
for bone augmentation in oral implantology: current applica-
tion and progress,” International Journal of Oral Science,
vol. 12, no. 1, p. 37, 2020.

[54] F. Briguglio, D. Falcomatà, S. Marconcini, L. Fiorillo,
R. Briguglio, and D. Farronato, “The use of titanium mesh in
guided bone regeneration: a systematic review,” International
Journal of Dentistry, vol. 2019, 2019.

[55] K. Sagheb, E. Schiegnitz, M. Moergel, C. Walter, B. al-Nawas,
and W. Wagner, “Clinical outcome of alveolar ridge augmen-
tation with individualized CAD-CAM-produced titanium
mesh,” International Journal of Implant Dentistry, vol. 3,
no. 1, p. 36, 2017.

[56] A. Hartmann and M. Seiler, “Minimizing risk of customized
titanium mesh exposures – a retrospective analysis,” BMC
Oral Health, vol. 20, no. 1, p. 36, 2020.

15Case Reports in Dentistry


	Customized Titanium Mesh for Guided Bone Regeneration in the Posterior Mandible in a Patient Previously Treated with Bisphosphonates
	1. Introduction
	2. Patient Information
	3. Clinical and Radiographic Findings
	4. Timeline
	5. Therapeutic Intervention
	6. Risk Assessment for Medication-Related Osteonecrosis of the Jaw
	7. GBR—Planning
	7.1. GBR—First Surgical Intervention
	7.2. GBR—YxOss CBR® Titanium Mesh Removal
	7.3. Implant Placement
	7.4. Prosthodontics and Supportive Therapy
	7.5. GBR—Calculated Hard Tissue Gain

	8. Discussion
	9. Patient Perspective
	Data Availability
	Consent
	Conflicts of Interest
	Acknowledgments



