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Abstract

The authors present the potential use of a hardening regenerative mineral cement in the treatment of bone
defects complicated by peri-implantitis. The presented case concerns vertical alveolar ridge atrophy due to
periapical inflammation of a tooth adjacent to an implant surface. Given the difficult clinical situation, the
patient was consulted on the risk of regeneration, which was a priori associated with a high risk of failure.
However, the use of a biphasic calcium sulfate cement, to the authors' surprise, resulted in a spectacular
restorative effect. Although this is an isolated case, the authors believe that the biological properties of the
cement significantly contributed to this success, which, according to the authors, would have been
impossible with allograft or xenogenic bone in granular form and traditional guided bone regeneration
techniques.
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Introduction

In a large number of implant procedures worldwide, a certain percentage of patients experience
inflammatory changes in the bones and soft tissues around the implants, which can lead to their loss [1].

In the course of inflammatory processes in soft tissue and bone, broadly defined as peri-implantitis of
various etiologies, the intensification of inflammatory cellular reactions, somewhat "assisted" by a bacterial
component, also leads to a significant deterioration of clinical conditions due to loss of these tissues. A
"gold standard" has not yet been achieved in the treatment of peri-implantitis, which means the long-term
clinical effectiveness of "repair" procedures is not sufficiently predictable. Given the frequent need for
radical removal of inflammatory lesions and infected implant surfaces, reinsertion of standard-length
implants may prove impossible without prior reconstruction of the lost bone in these areas. This increases
the patient's burden in terms of finances, time, and the potential failure of the reconstructive procedure. In
line with the increasingly common principle of patient-centeredness, which aims to minimize surgical
invasiveness, including in the oral cavity and jawbones, one alternative may be attempts at bone
regeneration for small peri-implant defects. Again, there is no gold standard for this approach [2-4].

The authors would, therefore, like to present a case study using biphasic calcium sulfate mineral hardening
cement as an interesting and highly effective alternative for the treatment of a mandibular bone defect, the
significant atrophy of which resulted from inflammation of the tooth adjacent to an ultrashort Bicon®
implant (Bicon Dental Implants, Boston, MA), complicated by advanced peri-implantitis. The mineral
hardening cement Bond Apatite® (Augma™, Israel) has been used for augmentation [5].

Case Presentation

A generally healthy 48-year-old female patient presented to our dental surgery clinic due to sudden pain in
the right mandible, which had occurred several days earlier and was progressing. Clinical examination
revealed pathological mobility of tooth 44 and a fistula around tooth 45 (Figure 7). An adjacent X-ray
revealed advanced inflammatory changes around the apex of tooth 44 and in the interdental space
extending to implant 45 (Figures 2, 3). Bone loss with destruction of both cortical plates exposed almost the
entire mesial surface of the Bicon® implant (Bicon Dental Implants, Boston, MA). The extent of the loss was
confirmed by cone beam computed tomography (CBCT; Ghent, South Korea) (Figure 4). Despite the high risk
of failure, after considering the presented treatment options, the patient attempted to save the implant in
the area of 45. The following treatment plan was established: extraction of tooth 44; debridement of the
wound, with removal of inflammatory granulation tissue from the bone defect; disinfection and cleaning of
the exposed surface of implant 45; and simultaneous augmentation of the defect. Depending on the
outcome of these treatments, implantation of tooth 45 will be planned subsequently. All procedures were
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performed under local anesthesia with 4% Articaine with Noradrenaline (Septanest 1:100,000; 40 mg + 0.01
mg/mL, Septodont, France). In the first stage, tooth 44 was removed. Cortical damage was confirmed. After
debridement and removal of inflammatory lesions from the bone and implant surface using titanium
instruments, the exposed implant fragment was disinfected with clindamycin solution and left in the defect
for five minutes (clindamycin 600 mg/mL, MIP-Pharma, Poland). The defect was then filled with

regenerative cement (1 cm3; Bond Apatite, Augmabio, Caesarea, Israel) (Figure 5). After stretching the
mucosa, the wound edges were brought approximately 3 mm closer together and sutured (4-0
polydioxanone, round needle, 16 mm length, ¥4 circle profile) and additionally covered with an Augma-
Shield dressing, which was adhered to the wound using tissue glue Periacryl 90 (GluStitch Inc., Delta,
Canada; Figures 6, 7). After seven days, soft-tissue granulation was achieved (Figures8-10). A six-month
healing protocol was adopted. After this period, clinical and radiological follow-up completely surprised
both the patient and the surgeon. The results were astonishing: complete regeneration of the defect,
including both cortical plates and the area of the exposed surface of the Bicon® implant. Therefore, planned
implantation was performed. Intraoperatively, full regeneration of the damaged cortical plates was
confirmed, along with an optimal bone ridge width of approximately 6 mm, allowing for the creation of a bed
for a standard screw implant with a diameter of 3.75 mm and a length of 10 mm with primary stabilization
of about 25 Ncm (Figure 17).

FIGURE 1: Clinical view of fistula in reg. 44-45
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FIGURE 2: X-ray showing complete damage of septum 44/45
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FIGURE 3: Big inflammation around tooth 44 and implant 45 is visible
after flap opening

FIGURE 4: Bone defect showing totally exposed surface of the implant
and damage of both cortical laminas
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FIGURE 6: Suturation with only stretching of the mucosa
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FIGURE 7: Augma-shield temporary dressing fixed with Periacryl 90
tissue glue
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FIGURE 8: Mucosa seven days post-op
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FIGURE 9: Control X-ray four months post-op
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FIGURE 11: The complete regeneration of bone defect is visible after
flap opening

The implant was inserted into the bone with a force of approximately 20 Ncm. During bed preparation, the
bone tissue bled profusely, which may also indicate good revascularization of the regenerated defect
(Figures 12, 15). A bone sample was also collected for histological evaluation. The wound was sutured
(polytetrafluoroethylene 4-0, reverse cutting needle, 3/8 circle profile, length 16 mm). Osseointegration of
the 45 implant is progressing well, and a prosthetic suprastructure will be installed as planned. Furthermore,
no secondary inflammatory complications were noted. The implant has been opened and equipped with a
cover screw (Figure 74). Clinical and X-ray control after three months confirmed the proper functioning of
the implant and prosthetic superstructure (Figures 15-18).
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FIGURE 12: Preparing the implant hole (the bone is bleeding)

FIGURE 13: Microphotography showing good rebuilding of the bone.
Hematoxylin & eosin steaming, focus 100x. 1: new bone. 2: bone
marrow. 3: hydroxyapatite crystals
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FIGURE 14: Implant inside with cover screw (Noris Tuff: D, 3.75; L, 10
mm)

2026 Dudek et al. Cureus 18(4): e107934. DOI 10.7759/cureus.107934 110f 17


https://assets.cureus.com/uploads/figure/file/1996020/lightbox_7961dff039b411f1998553c08ae8aeca-article_river_4ad32d602f3211f1a0660ba1262bd721-Fig.14.-Implant-iniside-with-cover-screw-Noris-Tuff-3.75-10-mm-.png

Cureus

Part of SPRINGER NATURE

FIGURE 15: Control X-ray postinsertion implant (D: 3.75 mm, L: 10 mm)
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FIGURE 16: Healing screw visible in the mucosa in the next three
months seven days after opening

FIGURE 17: Control X-ray three months after prosthetic restoration. The
new bone is rebuilt and stable
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FIGURE 18: Mucosa three months after prosthetic restoration

Discussion

In oral implantology procedures performed, a significant percentage of cases involve inflammatory
complications of the bone and soft tissue around implants, broadly defined as peri-implantitis. No gold
standard has yet been identified in regenerative treatment, leaving surgeons struggling with failures and
experimenting with augmentation, with varying degrees of success and clinical durability. Therefore,
mineral and hardening bone cements, including Bond Apatite®, used in the above case, can be an effective
alternative to autologous or allogeneic augmentation. Furthermore, the material can be highly effective in
cases such as the one presented above, where bone loss prevented standard immediate implant placement
and posed a threat to the support of the adjacent implant. The use of hydroxyapatite mixed with biphasic
calcium sulfate allowed for the reconstruction of the bone defect and salvage of the inflamed implant. The
authors believe this was possible due to the material's hardening consistency, osteoconductive properties,
and high bacterial resistance. Although this is an isolated case, it is possible to use this cement in similar
situations.

It is known that a mixture of biphasic calcium sulfate and hydroxyapatite has been known and used for
decades, starting in the 19th century. However, they contain one of the forms of calcium sulfate: dihydrate
or hemihydrate (a or B form). The formula of the regenerative cement used here is unique because it
contains both forms of calcium sulfate: dihydrate and hemihydrate, which allows for optimal binding and
modeling in bone defects in the presence of blood, saliva, proteins, etc. The name "biphasic calcium sulfate”
was patented in 2010. Moreover, that mineral cement is made using advanced technology and is protected
by a patent pending. The procedure for preparing and treating the recipient site eliminates the need for
barrier membranes and therefore does not impair periosteal nutrition of the newly forming tissue. However,
the material itself provides a mechanical barrier to the ingrowth of reparative connective tissue into bone
defects, significantly reducing the risk of secondary inflammatory complications. The bacteriostatic
properties of biphasic calcium sulfate are also extremely important, especially when used in a contaminated
environment such as the oral cavity. This reduces the risk of secondary infection, even with partially exposed
wounds. This also explains why the manufacturer recommends that primary, tight wound closure is not
absolutely necessary. The authors' several years of experience in bone defect regeneration are presented, for
example, in a study evaluating the six-month follow-up of single-stage treatment of radicular cysts in 30
patients, including filling the bone defects with Bond Apatite® regenerative cement. In the control group, 30
patients underwent similar procedures using other biomaterials. A three-point scale was adopted to assess
postoperative wound healing, with the following scores after seven days: 0° indicated a tight wound, I°
indicated dehiscence up to 10 mm (from one wound edge to the other) and the wound left to heal by
granulation with local aseptic support, II° indicated wound dehiscence of more than 10 mm, requiring
repeated surgical intervention and general pharmacology.

Comparative analysis revealed one I° failure in the study group on day 5, while in the control group, four I°
cases and another two II° cases were observed within five days. In the remaining patients, a six-month
follow-up revealed no secondary inflammatory complications, and radiographic remodeling and new bone
growth in the defects were normal [6].

The authors' experience is also consistent with the results of clinical studies and studies conducted by other
teams using regenerative cements containing two-phase calcium sulfate, as briefly discussed below.
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Some studies available in the literature confirm the regenerative capabilities of the presented bone cement
and its wide range of applications. A good example is the work by Yahav et al. The study examined clinical,
radiological, and histological observations of bone tissue after using this biomaterial in the regeneration of
various defects in the jawbone. This extensive study demonstrated excellent results in the regeneration of
bone defects following tooth extraction, periodontal defects, and vertical and lateral augmentation (ridge
reconstruction, sinus lift, and treatment of odontogenic cysts). Importantly, histological analyses of selected
augmentation procedures demonstrated biomaterial resorption and new bone formation, with an average
time of three months after the procedures [7].

New, inspiring reports are also emerging regarding the regenerative potential of thin alveolar ridges. A
clinical study by Ferreira and Kurtzman demonstrates the high clinical efficacy of Bond Apatite® in
restoring lost ridge deficits in 14 edentulous patients combined with immediate implant placement in the
maxilla or mandible. Clinical and radiographic follow-ups were performed every six months. The authors
achieved acceptable regenerative results and survival of all implants without inflammatory changes in the
bone or soft tissues within one to five years of augmentation [8].

In addition, the study by Baranes and Kurtzman recommends the hardening regenerative cement for various
clinical applications, including the regeneration of alveolar process defects, where the complete absence of a
vestibular wall forces clinicians to augment these defects as the first step in preimplantation procedures. In
this study, defect regeneration was achieved, allowing for implant placement at an average of four months

[9]-

Comparable clinical results in the augmentation of large bone defects in the lateral maxilla using biphasic
calcium sulfate (Surgiplaster, Classimplant®, Rome, Italy) were reported by Laino et al. Lateral sinus lift
procedures were performed in 25 patients. A significant increase and remodeling of bone tissue by an
average of 8.21 mm was observed during the six-month follow-up period. The authors consider the tested
biomaterial safer than, for example, autogenous bone and prefer it for this type of procedure [10].

Once again, Baranes and Kurtzman presented an innovative technique for the regeneration of the maxillary
alveolar process by mobilizing the sinus mucosa via a crestal approach. Bond Apatite® mineral cement and
original instruments were used in 51 cases. The initial alveolar bone height averaged 1.5 mm. After a four-
month period, bone regeneration was confirmed radiologically on CBCT and clinically during implant
placement, ranging from 4.5 to 7 mm in height, which, with an appropriate ridge width, allows for implant
placement [11].

In the discussion of bacterial resistance, it is also worth mentioning a remarkably interesting experimental
study by Mistry et al., conducted in an animal model. It involved the use of a regenerative cement
containing, among other things, calcium sulfate and biphasic calcium phosphate as an antibiotic carrier.
Chronic inflammation of the tibia bone was induced by methicillin-resistant Staphylococcus aureus in 42
rabbits. The above cement and a polymethyl methacrylate (PMMA) material were then introduced into the
inflamed areas. Observations were conducted for 90 days. The authors obtained very interesting results.
They noted significantly better drug release over time from the composite cement and its faster
biodegradation compared with PMMA. Although cement containing calcium sulfate and phosphate has,
according to the researchers, lower mechanical strength, high antibiotic concentrations were observed
around bacteria at day 42, and significantly higher concentrations where composite cement was applied. It
was hypothesized that cement containing calcium sulfate could be successfully used to support the
treatment of osteomyelitis and prevent infection following osteosynthesis of fractures. This, of course,
requires expanding the research panel in both directions [12].

To conclude, Lombardo et al.'s report presents exceptionally interesting results on peri-implantitis
treatment. A three-year follow-up study of 15 patients treated for inflammatory symptoms and bone loss
around 17 implants was conducted. The average bone loss was 3.04 mm, but the use of a formula containing
calcium sulfate, among other ingredients, reduced bone loss by an average of 1.74 mm. Radiological
assessments also revealed an average increase in new tissue of 55%. Although only a histological
examination could clearly confirm new bone growth in contact with the implant surface, the team believes
that using a biomaterial without barrier membranes simplifies and shortens the entire treatment process
[13].

Conclusions

To summarize the brief considerations above, it should be emphasized that, based on the presented case, the
literature, and the authors' own experience, the use of Bond Apatite® mineral cement effectively supports
bone regeneration procedures, including the reconstruction of cancellous bone and cortical lamina in
periapical inflammation complicated by peri-implantitis. In the presented case, an optimal regenerative
effect was achieved, enabling planned implantation using a standard intraosseous implant. However, it is
important that the use of Bond Apatite® regenerative cement, as in the presented case and based on
scientific and clinical reports, demonstrates promising outcomes and high effectiveness in regenerating
various jawbone defects. Additionally, its significant advantages include a simple application protocol, a
minimally invasive surgical technique for preparing the recipient site, and the material's bacterial resistance.
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Economic considerations are also important for patients. In the authors' opinion, further long-term clinical
studies, increasingly broader observations of our own cases, and the already available favorable results of
histological analyses will allow us to take up the challenge and introduce a new alternative in guided bone
regeneration.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Damian Dudek, Maciej Jagielak, Oliwia Warmusz, Edyta Reichmann-Warmusz

Acquisition, analysis, or interpretation of data: Damian Dudek, Maciej Jagielak, Oliwia Warmusz, Edyta
Reichmann-Warmusz

Drafting of the manuscript: Damian Dudek, Maciej Jagielak, Oliwia Warmusz, Edyta Reichmann-Warmusz

Critical review of the manuscript for important intellectual content: Damian Dudek, Maciej Jagielak,
Oliwia Warmusz, Edyta Reichmann-Warmusz

Supervision: Damian Dudek, Edyta Reichmann-Warmusz

Disclosures

Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Regional Medical Council Ethics Committee, Torun, Poland issued approval
10/KB/2023. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

Acknowledgements
The authors thank Dr. Amos Yahav, Dr. Ewa Swiech, and Ofir Yahav for their help.

References

1. Intini G, Andreana S, Margarone JE 3rd, Bush PJ, Dziak R: Engineering a bioactive matrix by modifications of
calcium sulfate. Tissue Eng. 2002, 8:997-1008. 10.1089/107632702320934092
2. Hak DJ: The use of osteoconductive bone graft substitutes in orthopaedic trauma . ] Am Acad Orthop Surg.
2007, 15:525-36. 10.5435/00124635-200709000-00003
3. Ali Akbari Ghavimi S, Allen BN, Stromsdorfer JL, Kramer JS, Li X, Ulery BD: Calcium and phosphate ions as
simple signaling molecules with versatile osteoinductivity. Biomed Mater. 2018, 13:055005. 10.1088/1748-
605X/aac7a5
4. Bagoff R, Mamidwar S, Chesnoiu-Matei I, Ricci JL, Alexander H, Tovar NM: Socket preservation and sinus
augmentation using a medical grade calcium sulfate hemihydrate and mineralized irradiated cancellous
bone allograft composite. ] Oral Implantol. 2013, 39:363-71. 10.1563/AAID-JOI-D-10-00178
5. Strocchi R, Orsini G, lezzi G, Scarano A, Rubini C, Pecora G, Piattelli A: Bone regeneration with calcium
sulfate: evidence for increased angiogenesis in rabbits. ] Oral Implantol. 2002, 6:273-78. 10.1563/1548-
1336(2002)028<0273:BRWCSE>2.3.CO;2
6. Dudek D, Reichman-Warmusz E, Kurtzman GM, Mahesh L: The use of grafting material biphasic calcium
sulfate for the treatment of osseous defects resulting from radicular cysts. Clinical study and six-month
follow up. ] Osseointegration. 2020, 3:1-6.
7. Yahav A, Kurtzman GM, Katzap M, Dudek D, Baranes D: Bone regeneration: properties and clinical
applications of biphasic calcium sulphate. Dent Clin N Am. 2020, 64:453-72. 10.1016/j.cden.2019.12.006
8. Ferreira JC, Kurtzman GM: Minimal invasive horizontal ridge augmentation with calcium sulfate bone
cement: a case series. Med Res Arch. 2023, 1:1-23. 10.18103/mra.v11i10.4598
9. Baranes D, Kurtzman GM: Biphasic calcium sulfate as an alternative grafting material in various dental
applications. ] Oral Implantol. 2019, 45:247-55. 10.1563/aaid-joi-D-18-00306
10. Laino L, Troiano G, Giannatempo G, et al.: Sinus lift augmentation by using calcium sulphate. A
retrospective 12 months radiographic evaluation over 25 treated Italian patients. Open Dent J. 2015, 9:414-
9. 10.2174/1874210601509010414
11. Baranes D, Kurtzman GM: Use of a biphasic calcium sulphate graft to treat posterior maxillary atrophies by
avoiding a lateral sinus approach. Med Res Arch. 2023, 11:10.18103/mra.v11i2.3645
12.  Mistry S, Subhasis R, Nilendu JM, Biswanath K, Abhijit C, Someswar D: A novel, multi-barrier, drug eluting
calcium sulfate/biphasic calcium phosphate biodegradable composite bone cement for treatment of

2026 Dudek et al. Cureus 18(4): e107934. DOI 10.7759/cureus.107934 16 of 17


https://dx.doi.org/10.1089/107632702320934092
https://dx.doi.org/10.1089/107632702320934092
https://dx.doi.org/10.5435/00124635-200709000-00003
https://dx.doi.org/10.5435/00124635-200709000-00003
https://dx.doi.org/10.1088/1748-605X/aac7a5
https://dx.doi.org/10.1088/1748-605X/aac7a5
https://dx.doi.org/10.1563/AAID-JOI-D-10-00178
https://dx.doi.org/10.1563/AAID-JOI-D-10-00178
https://dx.doi.org/10.1563/1548-1336(2002)028<0273:BRWCSE>2.3.CO;2
https://dx.doi.org/10.1563/1548-1336(2002)028<0273:BRWCSE>2.3.CO;2
https://www.journalofosseointegration.eu/jo/article/view/321
https://dx.doi.org/10.1016/j.cden.2019.12.006
https://dx.doi.org/10.1016/j.cden.2019.12.006
https://dx.doi.org/10.18103/mra.v11i10.4598
https://dx.doi.org/10.18103/mra.v11i10.4598
https://dx.doi.org/10.1563/aaid-joi-D-18-00306
https://dx.doi.org/10.1563/aaid-joi-D-18-00306
https://dx.doi.org/10.2174/1874210601509010414
https://dx.doi.org/10.2174/1874210601509010414
https://dx.doi.org/10.18103/mra.v11i2.3645
https://dx.doi.org/10.18103/mra.v11i2.3645
https://dx.doi.org/10.1016/j.jconrel.2016.08.014

Cureus

Part of SPRINGER NATURE

experimental MRSA osteomyelitis in rabbit model. ] Control Release. 2016, 239:169-81.
10.1016/j.jconrel.2016.08.014

13.  Lombardo G, Marincola M, Cicconetti A, Simancas-Pallares MA, Pighi ], Lehrberg J: Successful management
of peri-implantitis around short and ultrashort single-crown implants. A case series with a 3-year follow-
up. Int ] Dent. 2019, 15:10.1155/2019/5302752

2026 Dudek et al. Cureus 18(4): e107934. DOI 10.7759/cureus.107934 17 of 17


https://dx.doi.org/10.1016/j.jconrel.2016.08.014
https://dx.doi.org/10.1155/2019/5302752
https://dx.doi.org/10.1155/2019/5302752

	Effectiveness of Biphasic Calcium Sulfate Mineral Cement in the Treatment of Advanced Peri-Implantitis: A Case Report
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Clinical view of fistula in reg. 44-45
	FIGURE 2: X-ray showing complete damage of septum 44/45
	FIGURE 3: Big inflammation around tooth 44 and implant 45 is visible after flap opening
	FIGURE 4: Bone defect showing totally exposed surface of the implant and damage of both cortical laminas
	FIGURE 5: Bond apatite cement inside the defect
	FIGURE 6: Suturation with only stretching of the mucosa
	FIGURE 7: Augma-shield temporary dressing fixed with Periacryl 90 tissue glue
	FIGURE 8: Mucosa seven days post-op
	FIGURE 9: Control X-ray four months post-op
	FIGURE 10: Mucosa four months post-op
	FIGURE 11: The complete regeneration of bone defect is visible after flap opening
	FIGURE 12: Preparing the implant hole (the bone is bleeding)
	FIGURE 13: Microphotography showing good rebuilding of the bone. Hematoxylin & eosin steaming, focus 100×. 1: new bone. 2: bone marrow. 3: hydroxyapatite crystals
	FIGURE 14: Implant inside with cover screw (Noris Tuff: D, 3.75; L, 10 mm)
	FIGURE 15: Control X-ray postinsertion implant (D: 3.75 mm, L: 10 mm)
	FIGURE 16: Healing screw visible in the mucosa in the next three months seven days after opening
	FIGURE 17: Control X-ray three months after prosthetic restoration. The new bone is rebuilt and stable
	FIGURE 18: Mucosa three months after prosthetic restoration

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


