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Abstract 

For the edentulous patient, dental implant therapy is the accepted treatment to 

replace one or more missing teeth as implant survival rates are greater than 

90%. Unfortunately, surgical removal of dental implants occurs for a variety of 

reasons. As human studies are limited, this case report provides an opportunity 

to evaluate the peri-implant characteristics in a dental implant removed from a 

patient using histology. In our patient, the implant was removed three years 

after completion of the prosthetic phase due to fracture of the abutment that 

could not be removed from the implant. Histological examination of the             

implant revealed mature lamellar bone in direct contact with the implant           

surface. Histomorphometric evaluation revealed a bone-to-implant contact 

(BIC) of 73.6%. 
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Introduction 

For the partially or totally edentulous patient, dental implant treatment is the 

accepted and preferred treatment modality [1,2] as long-term implant survival 

rates are greater than 90% [3,1]. Implant osseointegration is dependent on the 

physicochemical characteristics of the implant surface as direct bone-to-

implant contact (BIC) at the peri-implant interface is crucial [4]. Therefore, 

BIC has proven to be a critical histomorphometric parameter for successful 

osseointegration and is highly influenced by implant surface modifications as 
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they affect osteoblast activity and osteogenesis [5, 6].  

Implant surface modifications have improved osseointegration since Branemark introduced machined 

titanium dental implants [7]. Because titanium is a low bioactivity material, biomaterials research has 

concentrated on implant surface modifications to increase osseointegration [8]. One strategy to improve 

implant osseointegration is to coat the implant surface with hydroxyapatite (HA) because of its                   

bioactivity, biocompatibility and osteoconductive properties [9]. HA is a non-toxic material, does not 

elicit an inflammatory response and is non-immunogenic [10]. HA provides an osteophilic surface that 

increases BIC due to its osteoinductive properties [11].  

Despite long-term implant survival rates greater than 90% [3,1] implants will need to be removed for a 

variety of reasons. Biological problems that lead to implant removal include periimplantitis, loss of  

osseointegration, and fracture of the implant body. Prosthetic problems include an unrestorable implant 

due to poor alignment, and abutment fracture [12]. However, an abutment fracture provides an                     

opportunity to study the peri-implant histology and bone-to-implant contact (BIC). In this case report, 

the authors had the opportunity to remove the implant after three years in function and examine the           

histology of implant osseointegration with the surrounding bone. 

Materials and Methods 

With fracture of the prosthetic abutment, it is often difficult to remove the abutment shaft from the             

internal well of the implant. In this situation, the implant cannot be restored and must be removed if the 

treatment plan is to place a new implant to restore patient function. BIC histologic analysis in humans 

provides the clinician with a greater understanding of implant osseointegration [13,14] as most studies 

on BIC have relied on animal studies [12].  

Case Report 

The patient is a 56-year-old Asian female who presented to the office with the chief complaint that her 

“tooth is loose” when chewing her food. In February 2022, the patient completed implant surgery with a 

screw-type implant with the sinus lift elevation with bone grafting procedure to replace missing tooth 

#03. The post-operative course was unremarkable, and the prosthetic phase was completed four months 

after implant surgery. In December 2025, examination of the right posterior maxilla revealed the crown 

missing from the implant. Closer inspection demonstrated fracture of the prosthetic abutment at the    

coronal part of the implant. Attempts to remove the fractured abutment from the well of the implant 

were not successful. The decision was made to replace the existing implant from the posterior maxilla 

and surgically place a new implant. Informed consent was obtained from the patient. The implant and 

surrounding bone were removed using a trephine bur under cool water irrigation. The surgical site was 

bone grafted in preparation for future implant surgery. After removal of the  implant from the posterior 

maxilla, the implant was placed in 10% neutral buffered formalin. The implant was sent to the Hard 

Tissue Research Laboratory at the University of Minnesota School of Dentistry for histological               

examination of the implant and surrounding bone. 

Specimen Processing 

The implant with its core of bone attached to it were sectioned in half buccolingually and immediately 

dehydrated with a graded series of ethanol for 9 days. After dehydration, each specimen was infiltrated 

for 20 days with a light-curing embedding resin (Technovit 7200 VLC, Kulzer, Wehrheim, Germany). 

The implant was then embedded in Technovit 7200 VLC and polymerized by 450-nm light, with the 

temperature of the specimens not exceeding 40 degrees centigrade. The specimens were prepared by the 
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cutting and grinding method of Rohrer and Schubert [15]. Each specimen was cut to a thickness of 

150 mm on an EXAKT cutting and grinding system (EXAKT Technologies, Oklahoma City, Okla). 

Each specimen slide was then polished to a thickness of 35 um with a series of polishing sandpaper 

discs ranging from 800 to 2400 grit (EXAKT micro grinding system) followed by a final polish with 

0.3 um alumina polishing paste. This thickness is ideal for the preservation of titanium on the               

microscope slide and high-power light microscope evaluation of undecalcified bone. 

After final polishing, the specimen slides were stained using Stevenel’s blue and van Gieson’s picro 

fuchsin for histological evaluation by light microscopy. The implant was evaluated using two slides to 

prevent sampling bias. Microphotographs were obtained, scanned, digitized, and analyzed using a 

Zeiss Axiolab photomicroscope (Carl Zeiss, Jena, Germany) and Nikon Coolpix 4500 digital camera 

(Nikon Corp, Tokyo, Japan). The core specimen was photographed at a fixed focal point at 25x                

magnification for histomorphometric evaluation. Histomorphometric measurements were completed 

with a Macintosh G4 computer (Apple, Cupertino, Calif) and a public domain image program. NIH 

Images, US National Institutes of Health) along with Adobe Photoshop (Adobe, San Jose, Calif). The 

data were exported to Microsoft Excel (Microsoft Co, Redmond, Wash) for histomorphometric             

calculations. Histomorphometric analysis was performed, and the following parameters were                 

measured in terms of the percentage of the total core area: new bone formation, residual graft material, 

and marrow spaces. In addition, using circularly polarized light birefringence was evaluated for            

transverse collagen fiber orientation.  

Results 

The implant was osseointegrated with a BIC of 73.6%. No dissolution or resorption of the                           

hydroxyapatite coating was observed (Figure 3). The surrounding bone was in direct contact with the 

hydroxyapatite coating of the implant (Figures 1-4). Histologic examination revealed mineralized         

mature cortical bone in direct contact along the implant surface (Figures 1, 2 and 3). Lamellar cortical 

bone was observed in the vent area at the apical part of the implant (Figure 1). These findings reveal 

long-term implant osseointegration. 

Figure 1. Low power view. Retrieved dental implant. Implant threads in direct contact with mature 

lamellar bone (Original magnification x 20). Note mature vital bone in apical vent of implant.  

http://www.openaccesspub.org/
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Figure 2. Medium power view. Bone core in apical area of implant. A. Light microscopy showing marrow 

spaces and particles of xenograft bridging with mature autogenous vital bone (Original magnification x 40).   

B. Circularly polarized light microscopy showing orientation of different groups of bone formation (Original 

magnification x 20). 

Figure 3. High power view. Mature vital bone in direct contact with implant surface (Original             

magnification x 40).  

http://www.openaccesspub.org/
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Discussion 

Removal of dental implants provides the opportunity for the clinician to obtain valuable information 

on implant osseointegration during different healing time periods [16]. In a study by Tumedei et al. 

(2020), the two most frequent reasons for removal of implants were abutment fracture in 65% of           

prosthetic  cases and implant fracture in 25%. Although human studies are few, most of the                        

histological studies reported in the literature on implants removed showed compact, mature lamellar 

bone with haversian canals and osteocytes [17, 18, 19, 20]. Our case report also showed mature            

lamellar bone with osteocytes in their lacunae in direct contact with the implant surface (Figure 4). No 

fibrous tissue was observed.  

Using a surface modified screw-type implant increases the surface area and osseointegration [21].             

Mature lamellar bone, haversian canals and osteocytes were observed histologically in figures 1 to 4. 

At high power view, the HA implant surface coating was well integrated at the peri-implant surface.              

Histologic findings were consistent with studies by Piattelli et al. [22], Molly et al. [23] and Marco et 

al. [24]. All three studies reported no significant inflammatory response when using a xenograft                

substitute bone graft material. In our patient, after three years in function no inflammatory response 

was observed.  

In a study by Faeda et al. (2019), three fractured dental implants were removed from the maxilla in 

three different patients. Histomorphometric analysis revealed a mean bone-to-implant contact of 

77.3%. Piattelli et al. (1997) reported a mean BIC of 60 to 70% with a titanium plasma sprayed                

implant removed from a patient. Brunel et al. (2020) reported a 74% BIC in a hydroxyapatite coated 

implant removed from the maxilla after 14 months of follow-up. In our case report, a bone-to-implant 

contact of 73.6% was observed. 

Figure 4. High power view. Hydroxyapatite coating of implant in direct contact with surrounding 

bone and the large number of vital osteocytes in their lacunae and osteoblasts on the implant surface. 

Bone has infiltrated into the HA surface and no dissolution or resorption of HA coating observed 

(Original magnification x 200).  
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Conclusion 

This case report examines the histology of long-term osseointegration at the bone-implant interface in 

a human patient. Histology demonstrated the implant surrounded by mature vital bone.                               

Histomorphometric evaluation showed a bone-to-implant contact percentage of 73.6%. Results of this 

case report are similar to published articles in the implant literature.  
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