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Abstract Only rarely, it is possible to find in the litera-

ture histological reports of human retrieved implants,

especially after several years of functional loading. These

implants can help us in understanding the reactions of peri-

implant bone. The aim of this study was to perform a

histologic and histomorphometric analysis of the peri-

implant tissues behavior and of the bone–titanium interface

in titanium dental implants retrieved from patients after

time periods longer than 5 years. The archives of the

Implant Retrieval Center of the Dental School of the

University of Chieti-Pescara, Italy were searched for

human dental implants, retrieved after a loading period of

more than 5 years. A total of 8 implants were found: 3 of

these had been retrieved after 5 years, 1 after 6 years, one

after 10 years, 1 after 14 years, 1 after 18 years, 1 after

22 years. Only the bone to implant contact in the three best

threads was evaluated. Compact, mature, lamellar bone,

with few and small marrow spaces, was present around the

implants. Osteons with Haversian canals were present

inside some threads, in close proximity to the interface, at

both cortical and trabecular regions. Other osteons had a

direction perpendicular to the direction of the long axis of

the implants. Numerous reversal lines were present. At

higher magnification, no gaps or fibrous, connective tissues

were present at the interface. The BIC of the three best

threads for all implants varied from 94 to 100 %.In con-

clusion, within the limitations of the present report histol-

ogy showed that implants with different surfaces all

presented the potential to maintain osseointegration over a

long period, with a continuous remodeling at the interface,

as indicated by the presence of reversal lines.
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surfaces � Retrieved dental implants

Introduction

Retrieved implants are usually removed for failure [1].

Reasons for retrieval of osseointegrated and clinically stable

implants are varied, i.e. fractures, psychological reasons,

implants impossible to restore prosthetically, dysesthesia, or

implants retrieved at autopsy [2–4]. In almost all of these

cases, the retrieved implants have an excellent bone

anchorage [2–4]. These implants can help us in under-

standing the reactions of peri-implant bone [2–4]. The evi-

dence quality of in vitro and experimental animal studies,

performed for the evaluation of different implant macroge-

ometries, surface topographies, loading conditions, implant

insertion in different bone qualities and quantities, is
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relevant, but lower than in vivo studies on patients, and the

results of such studies cannot always be transferred to a

human situation [2–4]. The evaluation of retrieved human

dental implants can be a useful information source.

The term ‘‘osseointegration’’ is clinical and is based for

the most part on the stability of the implants. The precise

value of bone to implant contact (BIC) necessary for an

implant to be osseointegrated and stable is still unknown

[2, 4]. Only the histological evaluation of human retrieved

implants allows a complete analysis and understanding of

the occurrences at the bone–implant interface [5, 6].

However, in the literature is it possible to find histological

case reports of human retrieved implants after several years

of functional loading [3, 9–14, 16, 18–20, 23–25], more

rarely case series [2, 7, 8, 15, 17, 21, 22, 26] as well as long-

term human data on a large sample size [1]. It could also,

probably, be interesting and useful to study the healing

events at the interface after different time periods [21]. A

histological and histomorphometrical evaluation of a series

of implants could help to give some answers [2, 4]. Studies

reporting human retrieved implants, after in vivo loading

periods ranging from months to years, have shown different

degrees of BIC and structural organization of the peri-

implant bone [2, 4, 8, 10, 11, 13, 14, 17, 19, 23]. The con-

tinuous observed bone remodeling could allow an evaluation

of how bone responds to different loads, implant geometries

and implant surfaces [27]. Macroretention offered by

implant threads can reduce the risk of implant movements.

The aim of the present report was a histologic and his-

tomorphometric analysis of the peri-implant tissues reac-

tions and of the bone–titanium interface in titanium dental

implants retrieved from human patients after time periods

longer than 5 years.

Cases

The archives of the Implant Retrieval Center of the Dental

School of the University of Chieti-Pescara, Italy were

searched for human dental implants, retrieved after a

loading period of more than 5 years. A total of 8 implants

were found: 3 of these had been retrieved after 5 years, 1

after 6 years, 1 after 10 years, 1 after 14 years, 1 after

18 years, 1 after 22 years: the most important features of

all these implants were reported in Table 1. Seven implants

had been loaded, while 1 had been left unloaded for

18 years; none has been immediately loaded. In all the

cases, but one (the 1 removed after 18 years, which was

left unloaded because prosthetically unrestorable), the

implants had supported partial fixed bridges. Implant #1

had been retrieved following a mandibular resection,

implants #2, 7 and 8 for problems with the prosthetic

superstructure, implant #3 for misalignment, implants #4

and 5 for fracture and implant #6 for psychological reasons.

Two implants were located in the maxilla and 6 implants in

the mandible. All these implants were stable before

retrieval. All the implants had been retrieved with a 5 mm

trephine bur.

Specimen processing. All the specimens were washed in

saline solution and immediately fixed in 4 % paraformal-

dehyde and 0.1 % glutaraldehyde in 0.15 M cacodylate

buffer al 4 �C and pH 7.4, to be processed for histology.

The specimens were processed to obtain thin ground sec-

tions with the Precise 1 Automated System (Assing, Rome,

Italy) [28]. The specimens were dehydrated in an ascending

series of alcohol rinses and embedded in a glycolmethac-

rylate resin (Technovit 7200 VLC, Kulzer, Wehrheim,

Germany). After polymerization, the specimens were sec-

tioned, along their longitudinal axis, with a high-precision

diamond disk at about 150 lm and ground down to about

30 lm with a specially designed grinding machine. A total

of two slides were obtained for each specimen. The slides

were stained with acid Fuchsin and toluidine blue. The

slides were observed in normal transmitted light under a

Leitz Laborlux microscope (Leitz, Wetzlar, Germany) and

polarized-light microscopy (Leitz, Wetzlar, Germany).

Histomorphometry of bone–implant contact (BIC) per-

centages in the three best threads of all implants was

Table 1 Implant feature

Implant Implant

system

Specifics Loading

(years)

No. of

implants

Area BIC (%)

Three best threads

Sex Reason for

retrieval

1 Branemark Machined 22 1 Mandible 100 Male Mandibular resection

2 Branemark Machined 18 1 Maxilla 100 Male Prosthetic

3 Leader AE 5 1 Mandible 94 Male Misalignment

4 Leader AE 10 1 Mandible – Female Fracture

5 Screw-vent 14 1 Mandible 100 Female Fracture

6 De Bortoli Sandblasted/AE 5 1 Mandible 100 Male Psychological

7 De Bortoli Sandblasted/AE 6 1 Mandible 100 Female Prosthetic

8 De Bortoli Sandblasted/AE 5 1 Mandible 100 Male Prosthetic

AE acid-etched
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carried out using a light microscope (Laborlux S, Leitz,

Wetzlar, Germany) connected to a high-resolution video

camera (3CCD, JVC KY-F55B, JVC�, Yokohama, Japan)

and interfaced to a monitor and PC (Intel Pentium III 1200

MMX, Intel�, Santa Clara, CA, USA). This optical system

was coupled to a digitizing pad (Matrix Vision GmbH,

Oppenweiler, Germany) and a histometry software package

with image capturing capabilities (Image-Pro Plus 4.5,

Media Cybernetics Inc., Immagini & Computer Snc Milan,

Italy).

The histomorphometrical analysis has not been under-

taken on the entire length of the implants due to problems

in the retrieval procedure, which lead to the presence of

only fragments of tissue at the interface of some samples or

to the absence of some implant threads.

Compact, mature, lamellar bone, with few and small

marrow spaces, was present around the implants (Fig. 1).

Many remodeling areas (arrows) were detected (Fig. 2).

In all implants, bone with ongoing apposition and

resorption phenomena was present inside the threads.

This bone has a lamellar configuration, with the lamellae

organized in different directions. Osteons with Haversian

canals were present inside some threads, in close prox-

imity to the interface, at both cortical and trabecular

regions (Figs. 3, 4). Other osteons had a direction per-

pendicular to the direction of the long axis of the

implants. Numerous reversal lines were present. At

higher magnification, many osteocytes were observed in

the peri-implant bone, close to the implant surface. No

epithelial proliferation, no calculus or bacterial aggre-

gates were present on any of the implants for their entire

length. No inflammatory or multinucleated giant cells

were present. At higher magnification, no gaps or

fibrous, connective tissues were could be observed at the

interface (Fig. 5). The BIC was evaluated in the three

best threads because the interface of same samples was

partially damaged. The values varied from 94 to 100 %

(Figs. 6, 7).

Fig. 1 Implant 2. Compact, mature bone was present around in the

middle portion of the implant. The apical bone was lost due to the

retrieval procedure. Acid Fuchsin–toluidine blue 912

Fig. 2 Implant 1. Compact, mature bone, with many remodeling

areas (arrow) was present around the middle and apical portion of the

implant. Acid Fuchsin–toluidine blue 98

Fig. 3 Implant 6. Osteons with Haversian canals were present inside

some threads, in close proximity to the interface. The transversally

oriented collagen fibers are indicated by an arrow. Acid Fuchsin–

toluidine blue 940

Fig. 4 Implant 2. Numerous reversal lines can be observed. Acid

Fuchsin–toluidine blue 940
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Discussion

One of the most important questions to be answered is the

compatibility and long-term success of the most common

implant surfaces [4]. The quality of the submitted material

of retrieved human specimens may vary and it can happen

that, due to problems in the fixation or to the difficulties

during the retrieval procedure, sometimes only fragments

of tissue can be present at the interface [4].

In some cases, bone is completely lost, and some of the

threads can be cut, or even there could be a lack of the

whole section of the implant and thus a complete analysis

of bone–implant interface is not possible. Unfortunately,

due to the above limitations regarding the small sample

size and the difficulties in the retrieval procedure in the

present report, the interface was partially damaged, and

therefore it has been decided to evaluate the BIC only

around the three best threads of all these implants rather

than to the entire perimeter [29–32]. Indeed the BIC of the

implants evaluated in the present study vary between 35

and 88 %; the lowest values have been detected in the

implants that were subjected to problems during the

retrieval procedure.

Implant surface features represent the factors that affect

the peri-implant bone response and the mechanical quality

of the interface [33]. In the present specimens, different

surfaces were evaluated: machined, acid-etched, and finally

sandblasted and acid-etched surfaces. In all cases, the BIC

of the three best threads was very high, with no important

variations between the different surfaces; it could be

hypothesized that this was due to the long-term healing

period. Indeed, surface characteristics may be crucial in the

early healing phases, but their influence ease over time [33].

Traini et al. [12, 14] showed a strong correlation

between compressive stresses and collagen fibers orienta-

tion, and, in fact, in the dental implant removed after

5 years of functional loading, it was possible to observe a

change in the microstructure of the bone, with an increase

in the transversally oriented collagen fibers. The orientation

of the collagen fibers was strictly dependent on the shape of

the implant. Bone remodeling areas were frequently

observed in the peri-implant bone of these implants. It has

been shown that remodeling cycles are necessary to obtain

a high level of the organization of the peri-implant bone

that shows good mechanical properties [27, 34]. The

present results indicated that after many years of functional

loading, all these retrieved implants were well integrated

and presented high BIC, with no trace of fibrous connective

tissue at the bone-implant interface or the presence of a

downgrowth of the epithelium. This fact is very important

because the efficacy of any given implant is related to a

large part on the stability and integration between implant

and bone [5]. The peri-implant bone had undergone

remodeling as indicated by the presence of Haversian

systems near the implant bone interface.

The long-term maintenance of osseointegration seems to

be closely related to a continuous and adequate remodeling

Fig. 5 Implant 5. Compact bone with small marrow spaces can be

observed in tight contact with the implant surface with no gaps at the

interface. Acid Fuchsin–toluidine blue 940

Fig. 6 Implant 4. Compact, mature bone is present along the implant

perimeter. No connective tissue can be observed. Acid Fuchsin–

toluidine blue 98

Fig. 7 Implant 7. Bone is present inside the concavities and the

convexities of the implant threads. Inside some threads osteons can be

observed. Acid Fuchsin–toluidine blue 940
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around the implants, with bone restructuring having an

important role in the anchoring of the implant [5, 25, 34–

36]. Functional loads produce strains in the bone that play

an important role in the adaptation of bone, and, when

microstrains are limited to a certain amount, they may

produce a better mineralization of the bone at the interface

with the implant [34–36]. In all the present specimens, no

untoward effects were present at the interface after several

years as far as the three best threads.

In conclusion, the present histological results confirmed

that implants with different surfaces all presented the

potential to maintain osseointegration over a long period,

with a continuous remodeling at the interface.
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