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Abstract (J Korean Assoc Oral Maxillofac Surg 2023;49:43-48)

The biocompatibility and durability of implant fixtures are major concerns for dentists and patients. Mechanical complications of the implant include
abutment screw loosening, screw fracture, loss of implant prostheses, and implant fracture. This case report aims to describe management of a case of
fixture damage that occurred after screw fracture in a tissue level, internal connection implant and microscopic evaluation of the fractured fixture. A
trephine bur was used to remove the fixture, and the socket was grafted using allogeneic bone material. The failed implant was examined by scanning
electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS), which revealed a fractured fixture with both normal and irregular bone
patterns. The SEM and EDS results give an enlightenment of the failed fixture surface micromorphology with microfracture and contaminated chemi-
cal compositions. Noticeably, the significantly high level of gold (Au) on the implant surface and the trace amounts of Au and titanium (Ti) in the bone
tissue were recorded, which might have resulted from instability and micro-movement of the implant-abutment connection over an extended period of

time. Further study with larger number of patient and different types of implants is needed for further conclusion.
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I. Introduction

Dental implants have been a reliable treatment option
for rehabilitation of completely and partially edentulous
patients. In addition to biocompatibility, the durability of
implant fixtures is a major concern for dentists and patients.
Mechanical complications of the implant include abutment
screw loosening, screw fracture, loss of implant prostheses,
and implant fracture. Although the success rate of implants
is greater than 90%', the incidence of implant fractures has
been reported to range from 0.16% to 1.5% of cases’. One of
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the major causes of implant fracture is biomechanical over-
loading, which occurs due to various parafunctional activi-
ties like bruxism, inadequate occlusion, and distal extensions
or cantilevers’™. Other causes are peri-implant vertical bone
loss due to peri-implantitis and occlusal trauma, with gal-
vanic corrosion as an additional causative factor contributing
to implant fractures’. Management of cases of screw and im-
plant fractures can pose a challenge to clinicians because of
its surgical implications. In addition, bone preservation at the
implant socket site and rehabilitation after implant removal
are essential.

Wee and Lee’ reported a case of implant fracture after
screw fracture in a tissue level implant and suggested that
screw fracture could be a precursor to fixture fracture. Re-
ports of cases of simultaneous screw fracture and implant
damage are rare. Recent studies have also questioned the im-
portance of implant surface chemical composition. However,
the available information on the release of elements from the
fractured implant retrieved from the human body was very
little. It is hypothesized that surface contamination might

initiate the inflammatory response and possibly provoke the
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dissolution of titanium®. The screw loosening and the micro-
movement might enhance this dissolving process and alter the
implant surface and finally compromise the osseointegration.
Studying the presence of dissolving ions on the fixture sur-
face and peri-implant tissue might reveal the corrosion level
during micro movement, and give the suggestion for further
study of the multifactor corrosion phenomenon in implants
that are failed due to fracture and other various etiologies.

Investigators have reported different techniques to deter-
mine the presence of elemental composition of the implant
surface and integrated bone. Some studies evaluated the
failed implant surface using X-ray photoelectron spectros-
copy and Auger electron spectroscopy”'’. In our study, the el-
ement composition analysis was performed using the energy
dispersive X-ray spectroscopy (EDS), which has relatively
high energy and deep penetration into the sample surface'".
With the EDS equipment, the compositional information can
be achieved over a depth of 1 um, which gives more informa-
tion about the implant surface below the organic matter and
titanium oxide layer.

This case report aims to describe the management of a case
of fixture damage that occurred with screw fracture in a tissue
level implant and microscopic evaluation of the failure implant

segment using scanning electron microscopy (SEM) and EDS.
Il. Case Report
1. Patient case

A 68-year-old Korean male was referred from the local

clinic to the Prosthodontic Department, Seoul National Uni-
versity Dental Hospital (SNUDH) due to fracture of the #371

fixture. The 4.8 mmx10 mm tissue level, internal connection
Straumann implant (Straumann, Basel, Switzerland) was
placed at the local clinic in August 2010. After the implant
was in function for almost 10 years, in January 2020, the pa-
tient visited the local clinic because the crown had detached
from the fixture. During re-attachment of the crown, the screw
was fractured. The local clinic dentist attempted to remove the
screw but failed. Therefore, the dentist referred the patient to
the SNUDH. From the Prosthodontic Department, the patient
was referred to the Oral and Maxillofacial Surgery Depart-
ment since removal of the fixture was too difficult to perform
through a non-surgical approach. The panoramic radiograph
revealed that the fixture of the implant was fractured at the
alveolar bone level, with radiolucency at the coronal portion
of the fixture.(Fig. 1. A) Furthermore, the computed tomogra-
phy (CT) revealed a crevice on the mesiolingual aspect of the
fixture, indicating the location of the fracture.(Fig. 1. B)
Informed consent was obtained from the patient. Under lo-
cal anesthesia using lidocaine 2% with 1:100,000 epinephrine,
the implant removal procedure was performed. A trephine bur
(Shinhung, Seoul, Korea) with inner diameter 5.0 mm and
length 15.0 mm was selected based on the fixture diameter so
that the inner diameter of the trephine bur slightly exceeded
the outer diameter of the fixture. Following this selection,
the trephine bur was placed over the fixture and sunk into the
bone to the exact depth using low speed at 80 rpm along with
copious irrigation to avoid overheating. After the trephine bur
reached a depth of 80% of the fixture body, the drilling was
stopped, and the trephine bur and fixture were luxated out of
the socket.(Fig. 1. C) The socket was grafted using 0.5 g al-
logeneic particulate graft Oragraft (LifeNet Health, Virginia
Beach, VA, USA) and sutured. Five months following the

Fig. 1. Abutment of the implant was fractured at the same height level as the surrounding alveolar bone. A. A radiolucency was observed
on the coronal portion of the fixture, indicating that the fixture body also was fractured (arrow). B. Axial computed tomography showed the
location of the fracture at the mesiolingual aspect of the fixture body (arrows). C. The #37i fixture was retrieved with bony attachments after

removal using a trephine bur.
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surgery, a 5.0 mmx10.0 mm TSIII Osstem fixture (Osstem
Implant, Busan, Korea) was installed in the grafted socket site
followed by prosthetic delivery five months later.

2. SEM-EDS examination

After removal, the implant fixtures and surrounding tissue
collected were immediately placed in a 2.5% glutaraldehyde
solution. SEM examination was performed at 10 kV, and 65x,
500x%, 1,000%, 2,500%, 5,000%, 10,000x, and 20,000% micro-
graphs were acquired (JSM-7800F Prime; JEOL, Tokyo, Ja-
pan). The EDS instrument connected to the microscope was
an XFlash6 (Bruker, Berlin, Germany) detector, and ESPRIT
analysis software (Bruker) was used to analyze the data. The
EDS points were designed as U: implant surface on the upper
1/3rd of the fixture, M: implant surface at the middle 1/3rd
of the fixture, B: attached bone tissue on the fixture in the
middle region of the fixture, A: implant surface at the apical
1/3rd of the fixture.(Fig. 2) Chemical composition was ana-
lyzed under a magnification of 10,000x. The mass concen-
tration (C, wt%) ranges of element concentration achieved
from the EDS were classified as: Major: C>0.1 mass fraction
(greater than 10 wt%), Minor: 0.01<C<0.1 mass fraction (1 to

Fig. 2. Scanning electron microscopy photograph of the failed
implant at x65 magnification. The regions of interest examined by
energy dispersive X-ray spectroscopy at x10,000 magnifications
are marked with red rectangles. U: surface in the upper area of
the fixture, adjacent to the fracture region, M: implant surface at
the middle of the implant fixture, B: attached bone tissue in the
middle region of the fixture, A: implant surface in the apical region
of the implant.
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10 wt%), and Trace: C<0.01 mass fraction (less than 1 wt%).

3. SEM-EDS analysis

The SEM-EDS analysis suggested mechanical failure of
the implant.(Fig. 3, Table 1) In the area near the broken re-
gion of the fixture, microfracture lines were detected.(Fig. 2;
U) EDS analysis of this region showed a homogenous oxi-
dized titanium surface (titanium [Ti]: 82.41%, oxygen [O]:
12.04%). Minor levels of carbon (C: 3.98%) and silicon (Si:
1.57%) were recorded. Particles containing C and Si were
observed in the elemental distribution map. There was no de-
tection of other metal and non-metal elements in this area.

Morphologic SEM analysis of the layer of integrated bone
tissue on the implant surface revealed a normal pattern with
detection of bone lacunae.(Fig. 3; M, A) Both regions ex-
hibited high levels of Ca and P (in 0102-M: Ca=23.23%,
P=12.77%, in 0104-A: Ca=31.08%, P=15.70%). The Ca/P
ratio of these bone regions was in the normal range: 1.82 at
M and 1.98 at A. At the M point, a significantly high signal of
gold (Au) was detected (10.99%). In addition, minor signs of
Si and fluorine (F) and traces of sodium (Na) and aluminum
(Al) were recorded. In A, the same high level of gold was de-
tected (10.94%). Minor signs of Na and traces of Si also were
recorded. Some irregular bone structures with a high percent-
age of organic matter was observed.(Fig. 3; 0102-B) High
levels of C (30.10%), O (24.00%), and N (10.68%), and a low
level of Ca confirmed the presence of organic matter over the
bone surface. Noticeably, Au was detected at a pretty high lev-
el in this attached bone on the middle of the fixture (16.12%).

lll. Discussion

In the current case, the failed implant was a tissue-level
implant from the ITI system (Straumann implant; Institut
Straumann AG, Basel, Switzerland). Tissue-level implants
are designed to reduce marginal bone loss after implant
placement by placing the platform 1.8 or 2.8 mm above bone
level. Some studies have reported that marginal bone loss is
associated with screw and fixture fractures'>". With the thick
wall design, which can withstand heavy occlusal forces, tis-
sue level implants are expected to be resistant to fracture.
However, there are no studies comparing the prevalence of
fractures between tissue-level and bone-level implants. Risk
factors for implant fractures include type of prosthetic struc-
ture (single crown), presence of parafunction, inappropriate
occlusion, marginal bone resorption, and screw loosening.
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Fig. 3. Scanning electron microscopy-energy dispersive X-ray spectroscopy (SEM-EDS) analysis of the failed implant. SEM micrograph at
x500 and x10,000 magnifications, EDS elemental distribution map, and spectrum of representative points on the failed implants. U: mi-
crofracture (white arrowheads) and scratching lines (black arrows) are observed. The elemental distribution map showed a homogeneous
oxidized Ti surface with particles composed of C and Si. M: normal bone structure with bony lacunae covering the fixture surface (blue ar-
rowheads). The Ti surface was detected on EDS in the region with a thin bone layer (black arrowheads). B: SEM images showing irregular
bone structure with the presence of organic matter (blue arrowheads). EDS results reveal the presence of Na, F, N, Si, and Au. A: normal
bone structure with lacunae covering the fixture surface (blue arrowheads). Trace amounts of Ti can be observed in the elemental distribu-
tion map (black arrowheads). (cps/eV: count per second per electron-volt)
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The SEM-EDS results revealed an image of a fractured fix-
ture with both normal and irregular bone patterns. Microfrac-
tures and scratching lines were observed in the adjacent area
of the broken area of the fixture, indicating a fatigue condi-
tion of the fixture, which might have been caused by screw
loosening and its movement during function over a long
period of time. The elemental distribution map revealed a
homogeneous oxidized Ti surface with particles composed of
C and Si. Most of the integrated bone layer on the fixture sur-
face was of normal bone structure with bone lacunae. How-
ever, irregular bone structure with the presence of organic
matter also was detected. In addition to major elements, there
was the detection of metal and non-metal elements including
N, Na, F, Si, Al, and Au. The C, N, and Si were suggested to

46

be absorbed during the manufacture. In addition, Si contami-
nation might have originated from the glass storage vials. The
rubber gloves could be a source of Si and C, but the possibil-
ity is not high'". The Al could be residual from sandblasting
surface treatment, while Na and F could have been absorbed
from the intraoral environment. Noticeable, the level of Au
on the implant surface and peri-implant tissue was signifi-
cantly high in the middle and apical region of the implant.
The Au ions were suggested to be derived from the corrosion
process of the prosthetic, however, this phenomenon needs to
be further studied for confirmation.

Shemtov-Yona and Rittel" performed an SEM-EDS study
for chemical composition identification of commercial pure
Ti (CP-Ti) and Ti-6Al-4V retrieved from fractured dental
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Table 1. Energy dispersive X-ray spectroscopy (EDS) data and surface morphology of the scanning electron microscopy (SEM) results

EDS result
EDS examined position Morphology (SEM)
C=10% 10%>C=1% C<1%
Implant surface adjacent to  Ti: 82.41% C:3.98% -The SEM analysis showed
the fracture area (U) 0: 12.04% Si: 1.57% an irregular oxidized surface

-On the EDS map distribution, only 4 elements (C, O, Si, and major element Ti) were ~with microfracture and scrat-

detected.

Ca: 23.23%
0: 15.06%
C: 14.73%
Ti: 14.03%
P: 12.77%
Au: 10.99%

Si: 6.47%
F: 1.62%

Implant surface in the
middle region of the
fixture (M)

ching lines in this area.

Na: 0.55%
Al: 0.55%

-Bone tissue with lacunae was
observed.

-The Ti implant surface was
detected under the thin bone
layer.

-The distribution of calcified tissue was well-observed on the distribution map.

-Ca/P ratio: 1.82

Bone tissue at the middle C:30.10% Si: 9.13%
region of the fixture (B)  O:24.00% F:6.15%

Au: 16.12% Na: 2.01%

N: 10.68% Ca: 1.81%

-SEM image showed compacted
bone with is cover with
organic matter.

-The EDS analysis did not find Ti in this bone region. High N concentrate was
recorded; the sign of Ca was low. Other elements such as Au, Si, F, and Na were

detected.
Ca: 31.08%

P: 15.70%
C: 14.37%
0:13.71%
Au: 10.94%

Ti: 9.07%
Si: 4.49%

Implant surface at
the apical region (A)

Na: 0.65% -SEM image showing the bone
surface with debris and parti-

cles.

-On EDS analysis, titanium particles were detected and mapped. Several other metal
(Na, Mg, Al, and Au) and non-metal (Si) elements were detected.

-Ca/P ratio: 1.98

-In addition to Au, Ti, F, and Na, Al was detected.
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implants. The authors reported that the fracture surfaces
were covered with different layers, including the Ti surface
of the fixture, organic layer (containing mainly C), and in-
organic layer (containing mainly Ca and P, suggestive of
bone material). It is theorized that metal fatigue is the main
failure mechanism of a fractured implant, and the intra-oral
environment might cause a significant reduction in implant
fatigue performance'. Furthermore, abrasion on the surfaces
of the implant-abutment connection during masticatory tooth
movement can create wear particles’. Due to damage of the
titanium oxide layer, the exposed fresh titanium surface reacts
immediately with the environment, corresponding to an an-
odic partial current and a subsequent increase of the corrosion
rate due to the high chemical reactivity of the bare metal®.
The mechanical instability of implant-abutment connections
appears to trigger a chain of synergistic negative events in-
volving issues such as micro-gap widening, micromovements
of the contacting surfaces, wear, ion and debris release, peri-
implant inflammatory reactions, and peri-implantitis”. In this
study, the turnover bone structures were detected, and trace
amounts of corrosion metals such as Au and Ti in the bone tis-

sue were recorded, which might have resulted from instability
and micro-movement of the implant-abutment connection
over an extended period of time. Further, in vivo and in vitro
evidence is needed for confirmation of this phenomenon.

It is worth noting that screw fracture occurred at the same
time as fixture fracture in this case. In screw-retained im-
plants, the stress produced by the micro-movement of screws
can create constant tension on the implant fixture. Therefore,
screw loosening often causes implant fracture and can be
considered a warning signal. In this case, the patient did not
have the recall check-up for a long period, and the continuous
use of the prosthesis with loosening screw might be the main
cause of the implant fracture. This implies the importance
of periodic maintenance. The clinician also should instruct
the patient to visit the clinic as soon as whenever there is
any sign of mobility of the prosthesis. Once the fracture hap-
pens and the failure implant is removed, re-installation of an
implant with wider diameter can be performed immediately
after implant removal. However, in cases explantation using
trephine bur, the socket should be preserved with an alloge-
neic bone graft and a wide implant can be used to maximize
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the potential initial stability. Long-term periodic follow-up is
essential and the prosthesis, abutment screw, and peri-implant
tissue should be carefully examined to detect and prevent any
biomechanical complications.

In conclusion, dental implant fracture is an infrequent but
important cause of implant therapy failure. The SEM and
EDS results from in current study give an enlightenment of
the failed fixture surface micromorphology with microfrac-
ture and contaminated chemical compositions. Noticeably,
the significantly high level of Au on the implant surface and
the trace amounts of corrosion metals such as Au and Ti in
the bone tissue were recorded, which might have resulted
from instability and micro-movement of the implant-abut-
ment connection over an extended period of time. Further
study with larger number of patient and different types of im-
plants is needed for further conclusion.
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