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Abstract 
The bone tissue is a specialized connective tissue adapted for support and protection. The bone physiology is balanced by the interaction 
between mechanical and metabolic factors. Current research focuses on the bone remodeling process after the insertion of dental implants, 
because, after the primary healing of the wound caused by the creation of the new alveolus, the proliferation and differentiation of the 
osteoblasts and fibroblasts will tip the balance of the healing pattern toward bone regeneration or fibrous encapsulation. Knowing and 
identifying the components of the connective and bone tissue prior to implant placement, researchers are investigating the quality and 
quantity of the bone matrix and the physiological stages of bone generation and resorption to improve the bone–implant interface. Our 
research included nine dental implant failures, without prosthetic supra-structures, immediately loaded or loaded after osseointegration. 
The analyzed samples were from the BIOMAT Research Center, Politehnica University of Bucharest, Romania, and experienced different 
modalities of surface preparation. Comparative analysis of the tissue at the bone-implant interface was investigated by scanning electron 
microscopy. 
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 Introduction 

From a phylogenetic perspective, the original purpose 
of mineralized tissue was to serve as a physiological 
calcium reservoir, whereas this tissue would develop  
a secondary support capacity on the evolutionary scale 
[1]. 

Bone apposition is first established by functional 
loading [2], while the biochemical mediators of calcium 
metabolism (such as the parathyroid hormone, estrogen, 
vitamin D, and others) have a predominant role in 
controlling bone resorption [3]. 

The fundamental bone architecture is judiciously 
organized into compact and spongy bone. The form and 
size of the bone are dictated by the interaction between 
genetic and environmental factors [4]. Contralateral 
bones or adjacent sections of the same bone can vary 
significantly, depending on the history of local functional 
demand [5]. 

Bone tissue remodeling is a specific activity of the 
bone surface. The process leads to net changes in the size 
and/or form of the bone and is a fundamental combined 
mechanism of growth, atrophy, and reorientation. 

Ultrastructural two- and three-dimensional analyses 
of the tissues at the interface with the implant showed 
that osteogenesis adjacent to dental implants represents 

a complex process, a dynamic interaction of bone cells 
and the fibrous collagen matrix. 

The healing process begins with the direct deposit on 
the implant surface of a fibrous collagen matrix, which is 
subsequently mineralized. The young bone cells (osteo-
blasts) interact with this matrix and can be embedded in 
it, together with the development of voids, during the 
remodeling process. The osteocytes will extend through 
canaliculi directly toward the implant surface and will 
be embedded within. In time, the canaliculi will orient 
themselves parallel to the implant surface. From a 
morphologic perspective, the bone–implant interface is 
initially fibrous, both mineralized and non-mineralized, 
with an electron-dense aspect. This electron-dense material 
measures approximately 20–50 nm in thickness, and only 
this thin layer separates the remodeled mineralized bone 
from the implant [6]. 

The biological failure of dental implants is due to 
factors such as: inappropriate implant length and diameter, 
design of the implant body, smoking by the patient, implant 
location, the quality of the bone bed, and the presence of 
peri-implantitis. When dental implants are inserted, they 
must show adequate primary stability, that is, implant 
contact with the patient’s bone over its entire active length. 
During osseointegration, the stability value increases 
progressively and reaches its maximum approximately 
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six months after insertion, when the prosthesis can be 
safely applied to the implant. In practical terms, the six 
months represent the healing period for the bone, when 
the primary stability of the implant is replaced by the 
secondary stability given by the rigid ankylosis of the 
implant in newly formed bone. 

Objective 

The aim of this study is to understand the cellular 
events that occur at the bone–implant interface by using 
scanning electron microscopy for the evaluation of failed 
cases. Thus, the aspects related to the duration of healing, 
the quality and quantity of the newly formed bone, and 
the possibility of osseointegration or fibrous integration 
can be better observed and explained. 

 Materials and Methods 

We have analyzed nine samples of dental implant 
failures from the database of BIOMAT Research Center, 
Politehnica University of Bucharest, Romania. 

Because details of the bone–implant interface must 
be approached based on the individual variability of the 
human body, we studied the morphological changes of 
the peri-implant bone tissue using standard scanning 
electron microscopy (SEM). 

Three of the studied implants had surfaces processed 

by milling, three by milling and sandblasting, and three 
by milling, sandblasting, and acid etching. In six cases, 
the implants were functionally loaded, and in three cases, 
the failure occurred prior to implant loading. 

The BIOMAT data showed that failed implants were 
removed from the bone at intervals between three weeks 
and four years after insertion. 

For the examinations, we used a Philips scanning 
electron microscope (model SEM XL 30 TMP), with a 
spectrometer for energy-dispersive X-ray spectroscopy 
(EDAX). 

After removal, the implants were pre-fixed in 3% 
glutaraldehyde solution at 40C prior to SEM examination. 

 Results 

Sample No. 1 

The dental implant was made of titanium, with large 
active trapezoidal threads and the surface was prepared 
by milling. The implant was inserted at position 23, was 
loaded immediately, and was removed 120 days after 
insertion due to the loss of primary stability. 

The examination of the 1st sample by scanning electron 
microscopy revealed that the implant surface was covered 
with newly formed, maturing, bone tissue over a large 
area, in direct contact with the implant (Figure 1). 

 
Figure 1 – SEM examination: we found wide area covering of the implant surface with newly formed bone tissue in 
direct contact with the implant. 

Sample No. 2 

The analyzed implant body also showed trapezoidal 
threads, but was less aggressive than in the 1st sample. 
The implant surface was prepared by milling and sand-
blasting. 

Sandblasting caused the surfaces of the threads to 
become microscopically uneven, which favored colonization 
of a larger population of precursor bone cells while 
increasing the total contact surface between the bone 
and the implant. 

The implant was inserted at position 21 and was not 
loaded. Its ablation occurred three months after insertion, 
when it was discovered that the implant’s stability, with 
a value lower than that of primary stability, did not 
allow for the application of the prosthesis. Macroscopic 
examination of the implant revealed that it was covered 
with bone tissue at the apical area only, and microscopic 

images detected the presence of bone with a decreased 
degree of differentiation (Figure 2). 

Sample No. 3 

This implant was similar to the 2nd sample and was 
inserted for four months at position of tooth No. 13. Three 
months after insertion, implant stability was measured 
and was found to have a value that did not allow for the 
application of the prosthesis. Repeated measurements at 
four months after insertion showed an additional 15% 
decrease in the previously measured stability, so implant 
ablation was performed. 

Macroscopic examination of the implant revealed that 
the entire implant body was covered with bone tissue, 
and microscopic images detected the presence of reduced 
differentiation bone in the cervical 2/3 of the implant and 
differentiated and matured bone in the apical 1/3 (Figure 3). 
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Figure 2 – SEM examination: we noticed the presence of bone with a lower degree of differentiation. 

 
Figure 3 – SEM examination: presence of bone with little differentiation in the cervical 2/3 of the implant and bone 
differentiated and matured in the apical 1/3. 

Sample No. 4 

The implant surface, prepared through milling, 
sandblasting, and acid etching, was inserted into the 
maxillary molar region and loaded six months after the 
prosthesis was applied; however, after four years, the 

implant fractured and required removal from the bone. 
Examination of the bone–implant interface by electron 

microscopy revealed the presence of a reduced amount 
of mature bone, functionally organized, in contact with 
the entire length of the implant (Figure 4). 

 
Figure 4 – SEM examination: presence of mature bone, functionally organized and in contact with the implant over its 
entire length (left); the same examination of sample No. 4 but with higher magnification (right). 

Sample No. 5 

The surface of this dental implant was prepared by 
milling, sandblasting, and acid etching. It had been inserted 
two years previously at position 14, and immediate 

restoration was carried out with a splinted prosthesis 
between the implants and natural teeth. Due to insufficient 
support and a reduced amount of bone support of the 
adjacent teeth, the implant was over-stressed. 
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The implant fractured, and the implant fragment was 
osseointegrated into the bone. At SEM examination of the 
fractured implant, we found it to be “distantly” osseo-
integrated (Figure 5). 

Sample No. 6 

This dental implant also had its surface prepared by 
milling, sandblasting, and acid etching. It was inserted at 
position 26, and the prosthesis was immediately applied 
and maintained in the bone for one year. Since the patient 

had pain and bleeding in the area, we requested radiological 
imaging, which revealed the presence of an implant with 
an insufficient crown-to-root ratio. 

The cause of the failure was due to mechanical 
overload of the implant with inappropriate size, inserted 
into a bone with reduced density. We appreciate that the 
insertion of a dental implant of larger size after bone 
augmentation of the deficient maxilla could have prevented 
the failure (Figure 6). 
 

 
Figure 5 – SEM examination: we noticed “offset” osseointegration of the implant. 

 
Figure 6 – SEM examination: lack of homogenous attachment of the bone to the implant. 

Sample No. 7 

The implant’s surface was prepared by milling, inserted 
at position 13, and immediately loaded. Two years after 
insertion, the patient started having pain and bleeding  
in the area, and radiographic examination of the implant 
showed fibrous integration. This phenomenon at this level 
had not been previously noted clinically because the 
implant had prosthesis adjacent to other implants in a full 
maxillary restoration. 

SEM examination revealed the fibrous embedding of 
the implant. Detached fragments of bone could be seen 
between the implant threads, and connective tissue fibers 
adhered to the implant surface (Figure 7). 

Sample No. 8 

The implant’s surface was processed by milling and 

sandblasting. It was inserted at position 35 and was 
temporarily loaded one month after insertion. During  
a routine examination one week after the crown was 
cemented onto the implant, a premature occlusal contact 
of the crown was found, which led to slight buccal-
lingual mobility of the crown–implant ensemble. The 
premature contact was removed and the patient was 
scheduled for a follow-up visit after one week. The 
mobility had increased even more, and the implant had 
to be removed (Figure 8). 

Sample No. 9 

The implant surface was prepared by milling and 
was inserted at position 46 post-extraction. The decision 
to remove the implant was made at the follow-up visit 
three weeks after insertion, since it was mobile and the 
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adjacent gingiva had a modified color and bled when 
probed. At SEM examination, we found that the implant 
was unevenly covered with connective tissue, which 

showed the lack of osseous integration, probably caused 
by overheating during the preparation of the new alveolus, 
followed by bone necrosis (Figure 9). 

 
Figure 7 – SEM examination revealed fibrous encapsulation of the implant. 

 
Figure 8 – SEM examination: we noticed the presence of newly formed bone, quantitatively well represented, away 
from the implant surface (left); detail of newly formed bone, which had started to develop the lamellar appearance and 
between lamellae numerous red blood cells can be seen (right). 

 
Figure 9 – SEM examination: we found inconsistent coverage of the implant with connective tissue. 

 Discussion 

Bone lesions caused by peri-implantitis must be better 
understood at the cellular level to support modern treatment 
methods performed specifically for each individual case 

[7]. The implants from samples Nos. 1, 2, 3, 6, and 7, with 
self-cutting, large threads that embedded a large quantity 
of bone for better primary stability, are indicated for 
insertion into bone with reduced density [8], such as 
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maxillary bone. The trabecular bone at the maxillary arcade 
is better vascularized, contains more cells and has more 
intense metabolic activity [9]. 

The implants with such a design are inserted into the 
trabecular bone by screws after creation of a new alveolus 
with a drill with a diameter equal to that of the implant 
axis with the threads. The compression force for the 
insertion of these types of self-cutting implants can be 
controlled by means of a dynamometric wrench [10]. 

During insertion, it is necessary to assure an intimate 
contact in between receiving bone tissue and implant 
surface [11]. 

After Manor et al. [12], main causes of late failures 
are periimplantitis, overloading or fracture of the implants. 
The most important cause of implant loss in early stages 
is failure to achieve osseointegration [13]. There are few 
studies on the early failure of dental implants [13–20] 
related to the risk factors: age and sex [20], general 
condition [17, 18], smoking [14–16, 18, 19], the location 
of the implant [15], available bone [14–17] and the size 
of the implant [16, 17]. 

The use of ESEM-type scanning electron microscopy 
offers the possibility of studying biomaterial tissue couples 
without special sample preparation and without damaging 
the interface between coupled elements [21]. 

Because the adjacent bone tissue in the 1st sample 
had the aspect of a bone with intense metabolic activity, 
we excluded ‘insufficient preparation of the implant 
surface’ from the failure causes. Most likely, the failure 
occurred due to occlusal trauma. 

The implants of the 2nd and 3rd samples should also 
have been inserted into bone with reduced density, since 
their threads were sufficiently large to anchor safely  
to the bone. Because these implants consisted of two 
components, and the abutment did not form one piece 
with the actual implant, prosthetic loading is indicated 
only six months after implant insertion [22], when 
secondary stability has been established. 

In the second case, the reduced activity of the bone 
cells suggests, as a possible cause of failure, reduced 
blood supply to the adjacent bone. 

For the 3rd sample, the different degrees at which bone 
matured provide an argument in favor of overloading 
during implant insertion [23] as being the cause of failure. 

In the 4th sample, the presence of the mature bone 
that was functionally organized showed osseointegration at 
the bone–implant interface, whereas treatment failure was 
due to a manufacturing defect of the implant, which failed 
after being loaded. 

The failure of the 5th sample was due to mechanical 
overload, which led to implant fracture. 

The failure of the 6th sample was due to an insufficient 
crown-to-root ratio. The reduced density of the maxillary 
bone contributed to this failure. 

The fibrous integration of the implant in the 7th sample 
was hidden by the fixed maxillary total prosthesis. This 
type of integration probably occurred due to the local 
overheating of the bone during its preparation for 
implant insertion, followed by bone necrosis and fibrous 
healing. 

Occlusal balance was incorrect assessed for the 8th 
sample and the cause of failure. Incorrect occlusal 

adjustment of premature contacts and interferences on 
natural teeth increases teeth mobility. Once the occlusal 
balance is restored, teeth sometimes may regain their 
initial stability. Occlusal overloading on dental implants 
is one of the causes of bone resorption around the 
implants and even failure of the implants [24]. 

The failure of the 9th sample was due to overheating 
of the bone bed, as in the 7th sample. 

Incorrect occlusal adjustments can lead to occlusal 
trauma in case of immediate loading of the implants. 
This is one of the causes of early failures in implant 
dentistry. The reduced blood supply, in the bone that 
surrounds the implant, leads to lower bone cell activity 
and therapeutic failure. 

Early prosthetic loading, while secondary stability 
was not achieved, generally leads to fibrous embedding. 
Another possible cause of the lack of osseointegration is 
the overheating of the bone bed during the preparation 
of the new alveolus, followed by superficial bone necrosis. 
The choice of an insufficient number of implants or their 
uneven distribution leads to biomechanical overload, 
followed by either implant fracture or fibrous embedding. 
Incorrect prosthetic restoration in the laboratory and 
defective occlusal balancing are other possible causes of 
late implant–prosthetic treatment failure. 

 Conclusions 

We can establish a direct correlation between (1) the 
preparation of the dental implant surface, (2) the time 
frame while the implant was inserted in the bone, and (3) 
the microscopic images of the bone–implant interface. 
The examination of nine cases showed significant 
differences among cell types, depending on the moment 
the failure occurred and the preparation of the dental 
implant surface: the sooner the failure occurred while the 
degree of preparation of the surface is lower, the fewer 
cells were differentiated. 
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