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ABSTRACT: We describe the retrieval of a dental implant device that had been successfully osseointegrated for more 
than 4 years. After obtaining an informed patient consent, the device was retrieved for retreatment purposes from its 
position in a b-tricalcium phosphate (b-TCP) grafted sinus floor. The sinus floor augmentation, using b-TCP, had been 
performed in conjunction with the original implant placement, which in turn enabled the histological evaluation of 
specific regions of interest that were comprised of either grafted or native bone. Radiographs documented the rehabili-
tated area before and after grafting. The osteogenic events that occurred during the 4-yr-period depict the interplay of 
implant, synthetic graft material, and native bone in a dynamic process of osteogenesis, ongoing bone maturation, and 
remodeling that led to the development of haversian-like bone morphology. Two distinct areas were observed histo-
logically, wherein osteointegration occurred uneventfully in both native bone and areas of grafted bone. Of particular 
interest was the presence of multiple remodeling sites of lamellar bone that could be seen between the plateaus—heal-
ing chambers—in which bone eventually evolved into a haversian cortical-like configuration.
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I.	 INTRODUCTION

Bioactive ceramics have long been used as the ba-
sis for synthetic bone-grafting materials.1,2 This ver-
satile class of bone substitutes (alloplasts) provide 
manageable space holding, scaffolding, and a bio-
welcoming field, in which the process of osteogen-
esis unfolds in replacement and renewal of bone.3 
One such synthetic material is pure phase b-trical-
cium phosphate (b-TCP), which is primarily used 
in dentistry for repair or augmentation of alveolar 
ridge defects.4

Other classes of grafting choices include autog-
enous, allogenic, and xenograft materials. Of these, 
autogenous grafts are the most osteogenic in that 
they possess both osteoinductive and osteoconduc-
tive potential as well as a broad range of bioactive 
agents.5 The downside of such grafts include limited 
donor sites, morbidity associated with harvesting the 

graft, difficulty adapting the graft to recipient sites, 
and a somewhat unpredictable rate of resorption.6 
Concerns about potential transmission of infectious 
diseases arise with allografts and xenografts; thus, 
dentists are encouraged to use alloplastic, biocom-
patible, and synthetic grafts, which seem to have 
more advantages than drawbacks.7,8

Alloplasts are less osteogenic in that they are 
osteoconductive but not osteoinductive. On the 
other hand, these materials are abundantly available, 
potentially less expensive, avoid the morbidity asso-
ciated with human donor sites, and do not carry the 
potential for transmission of disease or infection.9 

Additionally, as a synthetic substrate, their chem-
istry and manufacture can be increasingly manipu-
lated to mimic the characteristics of natural bone. 
For example, efforts to modify their rate of resorp-
tion/degradation to align them with the behavior 
of natural bone remodeling (that takes from 4 to 6 
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mo)10 include altering their crystallographic struc-
ture to produce the pure phase b-TCP. increasing 
their porosity,11–14 changing the ratio of calcium to 
phosphate, and reducing the temperatures at which 
these ceramics are produced.15

A database of human retrievals of success-
fully functioning, plateau root form implants reports 
early (2 mo) and long-term (24 yr) osseointegration 
events.16–18 In essence, plateau root form implants of 
different surface treatments, placed in different areas 
of either mandibular or maxillary alveoli, resulted 
in direct bone formation at the implant surface and 
healing chamber areas, where bone-to-implant con-
tact and bone area fraction occupancy increased over 
time,17 as did the bone’s mechanical properties such 
as hardness and elastic modulus.19 Although these 
findings have corroborated those of previous stud-
ies concerning the healing pathway of woven bone 
evolving toward a cortical-like lamellar bone with 
multiple remodeling sites, those studies involved 
osseointegration taking place in predominantly na-
tive bone.20–22 The aim of this retrieval report is to 
present a human histological section depicting both 
native and grafted bone in the sinus area, interfacing 
in a successfully functioning implant.

II.	 CASE PRESENTATION

A 47-year-old male patient, who was living on the 
west coast of the USA at the time, had been in con-
tact for several weeks with the Implant Dentistry 
Centre in Boston, MA, during which potential treat-
ment plans were discussed. He expressed the desire 
to have as much treatment as possible during each 
visit in view of the logistics of travel. On March 8, 
2012, he was presented for examination and pos-
sible treatment. 

In the position of the maxillary right first molar, 
an osteotomy was prepared and an internal sinus lift 
performed, following manufacturer instructions.23 
At the time of implant placement, b-TCP graft mate-
rial (SynthoGraft™, particle size 50–500 µm; Bicon, 
LLC; Boston, MA) was used to concomitantly per-
form a Summers’ sinus augmentation.24 Following 
graft placement using a two-stage procedure, a 5.0 
× 6.0-mm Integra-CP (Bicon) SHORT® implant was 
inserted in the maxillary right first molar area. Im-

plants were also placed in the areas of teeth 4, 6, 8, 
10, 13, and 14. Postoperative instructions and pain 
medication were given, and a follow-up appoint-
ment was scheduled for the next day, after which the 
patient returned home.

The implants were uncovered 4.5 mo later, in 
July 2012. Final restorations were completed in 
September 2012. In August 2016, after more than 4 
yr of function, the patient adamantly decided to seek 
nonmetallic implants and requested that all of his 
present titanium implants be removed. The implants 
were removed, and the patient received a temporary 
restoration. The implant explanted from the maxil-
lary right first molar position (#3) was of particular 
interest for histological analysis, because it had been 
successfully functioning and osseointegrated in both 
natural and synthetic bone. 

A.	 Retrieval Sample Preparation Methods

Following explantation, the specimen was fixed in a 
10% buffered formalin solution for 24 hr, washed in 
tap water for another 24 hr, and gradually dehydrated 
in a series of 70% to 100% ethanol solutions. After 
dehydration, the sample was embedded in a methac-
rylate-based resin (Technovit 9100; Kulzer GmbH; 
Wehrheim, Germany), according to manufacturer 
instructions. Aiming at the center of the implant 
along its long axis, a block was then cut with a preci-
sion diamond saw (Isomet 2000; Buehler Ltd.; Lake 
Bluff, IL), glued to acrylic slides with an acrylate-
based resin, and allowed to set for 24 hr before grind-
ing and polishing. The sections were then reduced 
to a final thickness of ~100 µm by a series of SiC 
abrasive papers (600, 800, and 1200; Buehler Ltd.) 
on a grinding/polishing machine (Metaserv 3000I; 
Buehler, Lake Bluff, IL) under constant irrigation.25

The sections were stained with Stevenel’s Blue 
and van Gieson’s picro fuchsin (SVG) to differenti-
ate between bone and soft tissue. SVG stains miner-
alized tissue red-orange and soft tissue blue-green; 
this helped during the analysis process, when the first 
stained sections were scanned into an automated mi-
croscope system (Aperio Technologies; Vista, CA).

To determine histological regions of interest 
(ROIs) along the implant interface with either na-
tive or grafted bone, we outlined the original sinus 
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floor with a dotted line in the preoperative dental ra-
diograph (Fig. 1[A]). In addition, we drew a sloped 
line on the histologic specimen and radiograph of 
the implant in place (Fig. 1[B] and [C]) that corre-
sponded to the approximate inclination of the maxil-
lary sinus floor. Because these lines were drawn at 
an angulation that was similar to the original sinus 
floor, we established a type of borderline between 
native bone and new bone that was formed as the 
graft material resorbed. In Fig. 1, b-TCP graft mate-
rial appears above the line, and native bone appears 
below it. This in turn created an opportunity to eas-
ily compare native bone and graft-related new bone 
that participated in the process of osteogenesis.

In Fig. 1(C), histological ROIs are indicated 
with squares (labeled 1–3) in the histological sec-

tion. Each ROI is further magnified to show greater 
detail of the implant interface with host bone, and 
newly formed bone. The lines and boxes were ap-
plied with presentation software (Microsoft® Pow-
erPoint for Mac, version 16.25).

B.	 Results

Retrieval micrographs show that native bone and 
newly formed bone that was associated with the 
graft were osseointegrated with the dental implant, 
with no discernable difference between original host 
bone and new bone that was produced by the remod-
eling and graft resorption (Fig. 1[C]). 

Figure 2(A)–(C) are magnifications of ROIs 
1–3, respectively. ROI 1 and 2 show the distal and 

FIG. 1: (A) Preoperative dental radiograph of implant site. Dotted line traces preoperative floor of pneumatized sinus. 
(B) Postimplant radiograph. Straight line indicates orientation of preoperative floor of pneumatized sinus. (C) Low-
magnification micrograph of explanted specimen. In this histological section, the line shown in (B) is superposed onto 
its corresponding position at the sinus floor and delineates b-TCP material (above line: boxed ROIs 1 and 2) from 
native bone below (boxed ROI 3).



Daher et al.

Journal of Long-Term Effects of Medical Implants

138

mesial aspect, respectively, of the area of the im-
plant between plateaus (Fig. 2[A] and [B]). The 
calcium phosphate coating of the implant can be 
observed to be in intimate contact with bone. Other 
observations include a variety of cells and osteonic 
structures, findings that corroborate the fact that 
osseointegration was successfully achieved and 
maintained between implant surface and grafting 
material. In ROI 2 (Fig. 2[A]), which corresponds to 
the apical portion of the implant, some residual graft 
particles can still be seen undergoing the process 
of being replaced by woven bone, whereas most of 
bone has already evolved into lamellar bone with 
multiple osteonic structures. ROI 3 (Fig. 2[C]) de-
picts native bone in intimate contact with implant. 

Lamellar bone presents a haversian-like structure, 
with multiple osteons showing several remodeling 
cycles.

III.	DISCUSSION

In successful or failed cases, human retrieval analy-
sis is an invaluable tool for assessing host-to-bioma-
terial interaction.17,19 The presently retrieved implant 
was successfully functioning and retrieved from 
b-TCP grafted bone (that was used during a sinus 
lift procedure) due to patient-demanded retreatment 
purposes. Most of the grafted material had been 
resorbed and replaced by organized lamellar bone 
with evident osteonic structures, minerals, and vas-

FIG. 2: Magnifications of ROIs 1–3 shown in (A)–(C), respectively. Remnants of b-TCP particles are visible mostly 
in ROI 2 but can also be seen in ROI 1, where woven bone has evolved to more organized lamellar bone. Regardless of 
the presence of b-TCP particles, bone regions within plateaus depict intimate contact with implant surface, with some 
areas of calcium phosphate still present after 4 yr of clinical function. b-TCP, b-Tricalcium phosphate; CP, calcium 
phosphate; FB, fibroblast; LB, lamellar bone; T, titanium; WB, woven bone.
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cular contents. Only a few particles of the b-TCP 
particles remained at the apical portion of the im-
plant that had been inserted within the lifted sinus. 
The implant design creates large healing chambers 
between the plateaus that are rapidly filled by blood 
immediately after placement26–28 resulting in direct 
contact of blood osteogenic cells with the implant 
surface, graft material particles, and instrumented 
bone. This process also promoted the formation of a 
fibrin-rich network that not only connected the dif-
ferent materials but in turn stimulated the migration 
of osteogenic cells, leading to rapid woven bone 
formation.29–31 Over time, woven bone was replaced 
by lamellar bone with its cortical-like structures—
many of which were haversian-like—as reported in 
other human retrieval studies.21,22

The patient’s demand for removing successfully 
functioning implants and replacing with a metal-
free implant was respected, but we also explained 
that long-term evidence for metal-free implant use 
was unavailable in the literature, making such an 
implant choice questionable for daily practice appli-
cations.32,33 Given that allergy rates for titanium are 
very rare (0.6%), as observed in 1500 consecutive 
patients,34 titanium has been the material of choice 
for many years for dental implantology.35 In the case 
at hand, the implant retrieved from both grafted and 
host bone provided an unusual opportunity to con-
duct a histological analysis. It enabled documenta-
tion of an uneventful process of intimate bone-to-
implant contact as well as the opportunity to observe 
several modeling/remodeling cycles within healing 
chambers between implant plateaus.

Although b-TCP is a well-documented biomate-
rial, the histological analysis of this retrieved sample 
corroborates its osteoconductive, cell-mediated, and 
osteogenic process (as previously reported in ani-
mal studies).16 Although bioactive, the graft mate-
rial is immunologically inert, showing no evidence 
of inflammatory foreign body reaction. The graft 
provided and maintained sufficient space, and the 
volume of new bone was shown to be progressively 
occupying that space. Evidence of scaffolding was 
provided by osteoblastic cells that were seen as ar-
rayed on the graft particles.

IV.	CONCLUSIONS 

The retrieval of a successfully functioning implant 
that was anchored partially in native bone and par-
tially in b-TCP biomaterial—used for a sinus lift 
procedure—provided the unique opportunity to ob-
serve intimate bone-to-implant contact, a dynamic 
remodeling process that replaced most of the graft 
material, and eventual formation of a cortical-like 
bone structure.

AcknowledgmentA  

We thank the Fundação de Amparo a Pesquisa do 
Estado de São Paulo, grant nos. 2012/19078-7 and 
EMU 2016/18818-8; Conselho Nacional de De-
senvolvimento Científico e Tecnológico, grant nos. 
304589/2017-9 and 434487/2018-0; and Coordena-
ção de Aperfeiçoamento de Pessoal de Nível Supe-
rior (CAPES), finance code 001.

REFERENCER

1.	 Jarcho M. Calcium phosphate ceramics as hard tissue pros-
thetics. Clin Orthop Relat Res. 1981(157):259–78.

2.	 Kumar P, Vinitha B, Fathima G. Bone grafts in dentistry. J 
Pharm Bioallied Sci. 2013;5(Suppl 1):S125–7.

3.	 Ducheyne P, Qiu Q. Bioactive ceramics: The effect of sur-
face reactivity on bone formation and bone cell function. 
Biomaterials. 1999;20(23–24):2287–303.

4.	 Sheikh Z, Hamdan N, Ikeda Y, Grynpas M, Ganss B, 
Glogauer M. Natural graft tissues and synthetic biomateri-
als for periodontal and alveolar bone reconstructive appli-
cations: A review. Biomater Res. 2017;21:9.

5.	 Rogers GF, Greene AK. Autogenous bone graft: Ba-
sic science and clinical implications. J Craniofac Surg. 
2012;23(1):323–7.

6.	 Bauer TW, Muschler GF. Bone graft materials. An 
overview of the basic science. Clin Orthop Relat Res. 
2000(371):10–27.

7.	 Ivanov S, Mukhametshin R, Muraev A, Solodkaya D. Syn-
thetic materials used for the substitution of bone defects. 
Annals Oral Maxillofacial Surg. 2013;1(1):1–4.

8.	 Sakkas A, Wilde F, Heufelder M, Winter K, Schramm A. 
Autogenous bone grafts in oral implantology—Is it still a 
“gold standard”? A consecutive review of 279 patients with 
456 clinical procedures. Int J Implant Dent. 2017;3(1):23.

9.	 Ewers R. Maxilla sinus grafting with marine algae derived 
bone forming material: A clinical report of long-term re-
sults. J Oral Maxillofac Surg. 2005;63(12):1712–23.

10.	 Clarke B. Normal bone anatomy and physiology. Clin J 
Am Soc Nephrol. 2008;3(Suppl 3):S131–9.



Daher et al.

Journal of Long-Term Effects of Medical Implants

140

11.	 Tovar N, Witek L, Atria P, Sobieraj M, Bowers M, Lopez 
CD, Cronstein BN, Coelho PG. Form and functional repair 
of long bone using 3D-printed bioactive scaffolds. J Tissue 
Eng Regen Med. 2018;12(9):1986–99.

12.	 Witek L, Alifarag AM, Tovar N, Lopez CD, Cronstein BN, 
Rodriguez ED, Coelho PG. Repair of critical-sized long 
bone defects using dipyridamole-augmented 3D-print-
ed bioactive ceramic scaffolds. J Orthop Res. 2019. doi: 
10.1002/jor.24424.

13.	 Lopez CD, Witek L, Torroni A, Flores RL, Demissie DB, 
Young S, Cronstein BN, Coelho PG. The role of 3D print-
ing in treating craniomaxillofacial congenital anomalies. 
Birth Defects Res. 2018;110(13):1055–64.

14.	 Lopez CD, Diaz-Siso JR, Witek L, Bekisz JM, Cronstein 
BN, Torroni A, Flores RL, Rodriguez ED, Coelho PG. 
Three dimensionally printed bioactive ceramic scaffold 
osseoconduction across critical-sized mandibular defects. 
J Surg Res. 2018;223:115–22.

15.	 Coelho PG, Coimbra M, Ribeiro C, Fancio E, Higa O, Su-
zuki M, Marincola M. Physico/chemical characterization 
and preliminary human histology assessment of a β-TCP 
particulate material for bone augmentation. Mater Sci Eng 
C. 2009;29(7):2085–91.

16.	 Coelho PG, Marin C, Granato R, Suzuki M. Histomorpho-
logic analysis of 30 plateau root form implants retrieved 
after 8 to 13 years in function. A human retrieval study. J 
Biomed Mater Res B Appl Biomater. 2009;91(2):975–9.

17.	 Gil LF, Suzuki M, Janal MN, Tovar N, Marin C, Granato 
R, Bonfante EA, Jimbo R, Gil JN, Coelho PG. Progressive 
plateau root form dental implant osseointegration: A hu-
man retrieval study. J Biomed Mater Res B Appl Biomater. 
2015;103(6):1328–32.

18.	 Coelho PG, Bonfante EA, Marin C, Granato R, Giro G, 
Suzuki M. A human retrieval study of plasma-sprayed 
hydroxyapatite-coated plateau root form implants after 2 
months to 13 years in function. J Long Term Effects Med 
Implants. 2010;20(4):335–42.

19.	 Baldassarri M, Bonfante E, Suzuki M, Marin C, Granato 
R, Tovar N, Coelho PG. Mechanical properties of human 
bone surrounding plateau root form implants retrieved af-
ter 0.3-24 years of function. J Biomed Mater Res B Appl 
Biomater. 2012;100(7):2015–21.

20.	 Coelho PG, Granato R, Marin C, Bonfante EA, Janal MN, 
Suzuki M. Biomechanical and bone histomorphologic 
evaluation of four surfaces on plateau root form implants: 
An experimental study in dogs. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2010;109(5):e39–45.

21.	 Coelho PG, Jimbo R. Osseointegration of metallic devic-
es: Current trends based on implant hardware design. Arch 
Biochem Biophys. 2014;561:99–108.

22.	 Coelho PG, Jimbo R, Tovar N, Bonfante EA. Osseointe-
gration: Hierarchical designing encompassing the mac-
rometer, micrometer, and nanometer length scales. Dent 
Mater. 2015;31(1):37–52.

23. SynthoGraft pure phase beta-tricalcium phosphate [mono-
graph on the Internet]. Boston: Bicon; 2010 [cited 2019 
Aug 8]. Available from: https://www.bicon.com/pdf/Syn-
thoGraft_Manual.pdf.

24.	 Rosen PS, Summers R, Mellado JR, Salkin LM, Shana-
man RH, Marks MH, Fugazzotto PA. The bone-added os-
teotome sinus floor elevation technique: Multicenter retro-
spective report of consecutively treated patients. Int J Oral 
Maxillofac Implants. 1999;14(6):853–8.

25.	 Donath K, Breuner G. A method for the study of undecalci-
fied bones and teeth with attached soft tissues. The Sage-
Schliff (sawing and grinding) technique. J Oral Pathol. 
1982;11(4):318–26.

26.	 Granato R, Marin C, Suzuki M, Gil JN, Janal MN, Coelho 
PG. Biomechanical and histomorphometric evaluation of a 
thin ion beam bioceramic deposition on plateau root form 
implants: An experimental study in dogs. J Biomed Mater 
Res B Appl Biomater. 2009;90(1):396–403.

27.	 Suzuki M, Guimaraes MV, Marin C, Granato R, Gil JN, 
Coelho PG. Histomorphometric evaluation of alumina-
blasted/acid-etched and thin ion beam-deposited bioc-
eramic surfaces: An experimental study in dogs. J Oral 
Maxillofac Surg. 2009;67(3):602–7.

28.	 Coelho PG, Suzuki M, Guimaraes MV, Marin C, Granato 
R, Gil JN, Miller RJ. Early bone healing around different 
implant bulk designs and surgical techniques: A study in 
dogs. Clin Implant Dent Relat Res. 2010;12(3):202–8.

29.	 Granato R, Marin C, Gil JN, Chuang SK, Dodson TB, Su-
zuki M, Coelho PG. Thin bioactive ceramic-coated alumi-
na-blasted/acid-etched implant surface enhances biome-
chanical fixation of implants: An experimental study in 
dogs. Clin Implant Dent Relat Res. 2011;13(2):87–94.

30.	 Marin C, Granato R, Suzuki M, Gil JN, Janal MN, Coelho 
PG. Histomorphologic and histomorphometric evaluation 
of various endosseous implant healing chamber configu-
rations at early implantation times: A study in dogs. Clin 
Oral Implants Res. 2010;21(6):577–83.

31.	 Coelho PG, Granato R, Marin C, Teixeira HS, Suzuki M, 
Valverde GB, Janal MN, Lilin T, Bonfante EA. The effect 
of different implant macrogeometries and surface treatment 
in early biomechanical fixation: An experimental study in 
dogs. J Mech Beh Biomed Mater. 2011;4(8):1974–81.

32.	 Cionca N, Hashim D, Mombelli A. Zirconia dental im-
plants: Where are we now, and where are we heading? 
Periodontol 2000. 2017;73(1):241–58.

33.	 Nishihara H, Haro Adanez M, Att W. Current status of zir-
conia implants in dentistry: Preclinical tests. J Prosthodont 
Res. 2019;63(1):1–14.

34.	 Sicilia A, Cuesta S, Coma G, Arregui I, Guisasola C, Ruiz 
E, Maestro A. Titanium allergy in dental implant patients: 
A clinical study on 1500 consecutive patients. Clin Oral 
Implants Res. 2008;19(8):823–35.

35.	 Chen Q, Thouas GA. Metallic implant biomaterials. Mater 
Sci Eng R Rep. 2015;87:1–57.


