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Dental implants induce diverse forces on their surrounding bone. However, when excessive unphysiolog-
ical forces are applied, resorption of the neighbouring bone may occur. The aim of this study was to assess
possible causes of bone loss around failing dental implants using finite element analysis. A further aim
was to assess the implications of progressive bone loss on the strains induced by dental implants.
Between 2003 and 2009 a total of 3700 implant operations were performed in a private clinic. Ten
patients with 16 fixtures developed severe marginal bone defects. Finite element analysis was used to
assess the effective strains produced at the bone-implant interface under unidirectional axial loading.
These simulations were carried out on 4 specific implant types – Camlog Plus, Astra Osseo Speed,
Straumann BL and Straumann S/SP. All implant types exhibited degraded performance under circular
and horizontal bone loss conditions. This is evidenced by increased distribution of pathological strain
intensities (>3000 le), in accordance with the mechanostat hypothesis, in the surrounding bone. Among
the implants, the Camlog design seemed to have performed poorly, especially at the chamfer in the
implant collar (>25000 le). Implants are designed to perform under nearly ideal conditions from inser-
tion till osseointegration. However, when the surrounding bone undergoes remodelling, implant geom-
etries can have varied performance, which in some cases can exacerbate bone loss. The results of this
study indicate the importance of evaluating implant geometries under clinically observed conditions of
progressive bone loss.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

When dental implants are placed into bone it is expected that
they will remain functional for a lifetime; however complications
do occur. According to Esposito et al., implant failures can be cate-
gorised chronologically into ‘early failures’ and ‘late failures’ [1]. It
is suggested that early failures occur before abutment connection
and occlusal loading. Such failures are often caused by interfer-
ences in the initial healing process leading to non-integration of
the implant. Late failures have been described as occurring after
occlusal loading [2]. According to Koldsland et al., most failures
tend to occur at an early stage, that is, before occlusal loading
[3]. One common cause of interference in the initial healing
process is surgical trauma. The drilling forces induced intra-
operatively are very subjective and are influenced by the percep-
tual and motor skills of the clinician involved. When excess forces
are applied during drilling, mechanical and thermal damage can
occur to the surrounding bony tissue and thereby jeopardize the
establishment of osseointegration [4].

Adaptive changes that take place when bone loading occurs can
influence the initial healing process, a phenomena first described
by Wolff in 1892 [5]. In the 1960s, Frost introduced the mechano-
stat hypothesis that is a refinement of Wolff’s law [6]. The hypoth-
esis attributes strain values between 1000 le and 1500 le to be
physiological, which can be attained during normal mastication.
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Table 1
Details of failed/failing implants observed in the clinical case pool.

Case no. Sex Age Time (months) Loss type Region Implant type Dimensions (mm)

1 F 33 2 Circular 46 Camlog Plus 5 � 11
2 M 64 1 Circular 36 Camlog Plus 5 � 11
3 F 42 3 Circular 36 Camlog Plus 3.8 � 9
4 F 46 2 Circular 36 Camlog Plus 3.8 � 11

37 Camlog Plus 3.8 � 9
5 F 60 1 Circular 47 Camlog Plus 4.3 � 11
6 M 53 9 Horizontal 13 Camlog Plus 4.3 � 11

14 4.3 � 11
15 4.3 � 9
22 3.8 � 11
24 3.8 � 11
26 4.3 � 9

7 F 68 5 Circular 14 Straumann BL 4.1 � 10
8 F 55 3 Circular 47 Astra Osseo Speed 4 � 11
9 F 83 12 Circular 47 Straumann S 4.1 � 12

10 F 56 4 Circular 36 Straumann SP 4.1 � 10

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j)

Camlog PlusCamlog PlusCamlog Plus

Camlog PlusCamlog Plus

Straumann BL Straumann S

Straumann SP

Astra Osseo Speed

Camlog Plus

Fig. 1. Radiographs demonstrating circular and horizontal bony defects observed around implants.
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However when strain values greater than 1500 le are induced, a
hypertrophic increase in modelling and an associated decrease in
remodelling can occur. When peak strains exceed values of
3000 le the structural integrity of the bone is endangered and
can, in some cases, result in pathologic overload.

These high pathological strains can be induced in the surround-
ing bone during implant placement when high torque values
(>45 N cm) are applied. Over tightening which leads to bone com-
pression, often results in necrosis of the bone and in some cases
can result in implant failure [7]. Such compressive forces are dic-
tated by the implant geometry. Until recently the majority of den-
tal implants have had a cylindrical shape, though currently the
trend is towards developing tapered implants that resemble tooth
roots, which are supposed to have better stress transfer into sur-
rounding bone [8].

In order to evaluate the effect of implant geometry on the strain
distribution patterns, it is essential to use computational models.
Finite element analysis (FEA) is an ideal method for modelling
complex structures and analysing their mechanical behaviour [9–
12]. Advances in imaging technology have made it possible to
image bone and implant structures at the microlevel in 3D. This
Fig. 2. Scheme of surrounding bone model used in the simulations

Element size: 0.4 mm

Fig. 3. The different element sizes contained in the mesh representing bone tissue. At the
implant threads. Thus, micro-threads present in the Astra implant (as illustrated) justify
makes it possible to construct very accurate anatomical models
which in turn give reliable results.

Considering the large variation in implant geometries on the
market, better understanding of the effect of geometry on the sur-
rounding bone tissue is of great clinical relevance. The aim of this
study was to assess the effect of 4 different implant geometries on
the strain distributions in the loaded bone leading to bone loss
using FEA. Furthermore, based on clinical cases, the consequences
of bone loss around failing implants, and the corresponding
changes in the strain distribution patterns were assessed. As of
date, very little research has been done investigate the effect of
progressive bone loss on the strain distribution around dental
implants. Thus the progressive performance of these implants con-
sequent to clinically observed bone loss is of particular interest.

2. Materials and methods

2.1. Patient information

Between the years 2003 and 2009, 3700 maxillary and mandib-
ular reconstructions, employing dental implants to rehabilitate
– (a) full bone, (b) circular bone loss, (c) horizontal bone loss.

Element size: 0.03 mm

Element size: 0.08 mm

bone-implant interface, bone is specifically refined for consistence with the adjacent
an element size of 0.03 mm.



Fig. 4. Schematic representation of the 16 bone and implant configurations simulated for induced strains. The red marker (last row) indicates the extent of the region where
frictional contact is defined at the bone-implant interface. For a colour representation, the reader is referred to the online version of this paper. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 5. Observed axial displacements (lm) in the four implants in four different
configurations, under uni-axial loads of 200 N.
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masticatory function, were performed at a private clinic for oral
surgery in Hamburg Germany by one oral surgeon. All patients
were randomly allocated by the referring dentists to three different
implant systems (Straumann AG, Basel, Switzerland; Camlog,
Biotechnologies AG, Basel, Switzerland and Astra Tech AB,
Gothenburg, Sweden). Informed consent was obtained from all
patients included in this study. Before implant treatment, all
patients were screened for pre-existing dental problems and
systemic health. All patients were treated using a standardized
two-stage surgical implant placement procedure. Antibiotic cover-
age with amoxicillin (250 mg) had been given 1 h before surgery
and every 6 h after surgery for three days. For patients allergic to
penicillin, erythromycin (250 mg) was used. Chlorhexidine
(0.12%) mouth rinse was also used topically for 2 weeks after
surgery.

In the six year observation period, 10 patients (8 females and 2
males, average age 56 years) were diagnosed with peri-implantitis
having developed circular and horizontal bony defects requiring
surgical treatment (Table 1). These defects were observed in the
follow-up radiographs shown in Fig. 1. The radiographs in this
study were used with patient consent.

2.2. Peri-implantitis treatment protocol

Following the administration of local anaesthesia, a full-
thickness flap was elevated and the granulation tissue was then
removed. The largely exposed titanium implant surface was
then subsequently cleaned with gauze soaked in 1% chlorhexidine
gel. The peri-implant bone defects were then filled with a mixture
of autogenous bone chips and de-proteinized bovine bone mineral
granules (size: 1.0–2.0 mm; Bio-Oss�, Geistlich Pharma AG,
Switzerland). The soft tissues were repositioned by tension-free
suturing. A systemic administration of antibiotics was combined
with the surgical protocol. Postoperative follow-up included clini-
cal examination and radiographs. The follow-up period ranged
from 1 to 3 years after surgical debridement and augmentation
with bovine bone mineral granules.

2.3. Finite element analysis

Simulations were performed on 4 implant types (Camlog Plus,
Astra Osseo Speed, Straumann BL and Straumann S/SP) to assess
the effect of their geometries on the distribution of strain in the
surrounding bone tissue. To obtain the geometrical model of the
surrounding bone a cadaveric mandibular bone segment was
imaged in a micro-CT device (1984 � 1984 � 2175 image volume
with 17 lm isometric voxels). The image data was used to generate
a Standard Tessellation Language (STL) model of the bone segment
using STL Model Creator [13] programmed in MATLAB 2012 (Math-
Works, Natick, MA, USA). Subsequently the geometrical model of
the bone was edited in Magics (Materialise, Lueven, Belgium) to
create three configurations. These configurations correspond to
normal bone structure and two types of bone loss patterns
observed in the clinical cases (Fig. 1). For implant geometry, four
implants identical to those used in the study patients (Fig. 2) were
scanned with a high resolution ATOS optical 3D scanner (GOM
mbH, Braunschweig, Germany). The point cloud information was
used to generate computer models using SolidWorks 2012
(Dassault Systems, Vélizy-Villacoublay, France). It should be noted
that while Straumann S and SP implants are different products,
they both have the exact same geometry in the region that is
inserted into the bone. They only differ in the length of the implant
collar which does not affect the simulations performed in this
study; where forces are applied uni-directionally along the long
axis of the implant. The acquired bone and implant models were
assembled into a three-dimensional finite element mesh structure.
The individual components were meshed and assembled in ANSYS
14 (Swanson Analysis Systems Inc., Houston, PA, USA). The
implants were inserted into the model of bone in the exact same
location. All model volumes were discretized by 10-node quadratic
tetrahedral elements with three degrees of freedom (SOLID187).
Bone tissue was modelled at three different levels of discretization
(Fig. 3). The bone-implant interface was modelled with finer ele-
ment sizes to enhance accuracy of results in the tissue in close
proximity to the implant threads (Fig. 3). The mesh representing
bone adjacent to the micro-threads in Astra implant was further
refined to an element size of 0.03 mm. Contact elements
CONTA175 and TARGE170 were used to model the bone-implant
interface. The total number of elements in the models range from
6 to 7.5 million with approximately 7–10 million nodes. The finite
element mesh was checked to avoid error elements.

The material properties of bone tissue and the dental implants
were defined using a homogeneous isotropic linearly elastic mate-
rial model, explicitly described by two parameters: Young’s modu-
lus (E) and Poisson’s ratio (l). For titanium implant these were
defined as E = 110,000 MPa and l = 0.3 [14–16]. The trabecular
and cortical bone material characteristics were assumed to be sim-
ilar at the micro-level in keeping with literature [17,18]. Thus, sim-
ilar material properties were used for both bone tissues;
specifically E = 13 700 MPa and l = 0.3 [19–23].

A total of four different configurations were constructed for
each of the four implant geometries (Camlog, Astra, Straumann
BL and Straumann S/SP). The configurations included two patho-
logical conditions observed in the patients – circular bone loss
and horizontal bone loss. In addition, the full bone model (without
pathological resorption) was simulated under two conditions
which differed in the extent and type of bone-implant contact
(BIC). A clinically osseointegrated implant is where the surround-
ing bone morphology is healthy and the implant surface and adja-
cent bone tissue fuse to form a sturdy interface. In the FEA
procedure this condition is simulated by defining the bone-implant
interface of the model mesh as ‘bonded always’. In this study this
configuration is referred to as – full bone bonded. Another config-
uration was created to simulate the situation where the BIC in the
region of the implant neck degrades, specifically within the cortical
bone. This can occur due to various reasons, such as over-torqueing
during insertion resulting in non-fusion of bone and implant, or
pathology in bone tissue when implant geometry induces localised
high strains. This condition is simulated by defining the
bone-implant interface as a ‘friction’ contact. In this study this con-
figuration is referred to as – full bone friction. A friction contact
allows for minor tangential displacements between the implant
and bone at the interface. In this study the friction coefficient
was set to 0.3 [15]. In all configurations the implants were axially
loaded with 200 N on the uppermost cross section of the implant
based on literature [24]. All nodes at the mesial and distal borders
of the mandibular bone segment were fixed in all directions to
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represent continuity within the mandible. Small displacements
were considered during solution, as simulations with large dis-
placement did not converge. Effective strain was selected as a
value for analysis of bone tissue [12,25–28].
3. Results and discussion

A total of 4 bone model configurations (full bone bonded, circu-
lar bone loss, horizontal bone loss and full bone friction) were sim-
ulated for each of the 4 implant types (Astra, Camlog and two
Fig. 6. Differences in strain intensity (le) distribution in the adjacent bone at the bone-im
loss and (d) full bone friction; in the four implants. Schemes in the leftmost column illust
marker in (d) indicates the region where frictional contact is defined instead of ‘bonded a
paper. (For interpretation of the references to colour in this figure legend, the reader is
Straumann; Fig. 4). The axial displacements ranged from 2.9 to
7.5 lm (Fig. 5). Among the bone configurations, the largest dis-
placements were observed in the horizontal bone loss models, with
the highest in the Camlog implant (7.5 lm). The full bone bonded
configuration displayed the least differences between the implants.
In full bone friction configuration, the Straumann BL implant dis-
played the least displacement (3.3 lm). The difference in implant
displacement magnitudes between the full bone bonded and full
bone friction configurations (for a given implant) was insignificant
(maximum difference �1 lm).
plant interface for – (a) full bone bonded, (b) circular bone loss, (c) horizontal bone
rate the bone morphology used in simulating corresponding configurations. The red
lways’. For a colour representation, the reader is referred to the online version of this
referred to the web version of this article.)
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The effect of applied loads on the bone-implant interface was
observed in terms of strains induced in the bone tissue [29–31].
All strains are displayed in the corono-apical cut of the simulation
results. The colour ranges were changed to correspond to strain
intensity intervals (in micro-strain, le) suggested by mechanostat
hypothesis (Fig. 6). In Fig. 6, each subfigure represents the results
of simulation of a configuration in the corresponding location in
Fig. 4.

In the full bone bonded configuration, in all implants, the
strains induced in the bone next to the threads are largely less than
1500 le (Fig. 6a). However in the implant neck region the Camlog
implant showed an increased prevalence of high strains in compar-
ison to the other two implants. Nonetheless, the unphysiological
strain regions (in red) are minimal in area. In the bone loss model
configurations (circular and horizontal, Fig. 6b and c) the strain
magnitudes increase significantly, with greater regions of unphys-
iological strains (>3000 le) in all 4 implants types. In the full bone
friction configuration (Fig. 6d), Astra implant induces minimal
regions of unphysiological strain. The Straumann and Camlog
implants induce considerable regions of high strains in the bone,
with the bone adjacent to the neck of the Camlog implant particu-
larly overloaded. The bone adjacent to the chamfer in the Camlog
implant is subjected to more than 25,000 le (Fig. 7), which is
beyond the fracture limit of bone [6].

The results offer an insight into the performance of geometri-
cally different implants under conditions of bone loss. Once bone
degradation in the cortical bone commences, the differences in
geometry between the implants becomes apparent. Of the four,
the Astra and Straumann geometries seem to offer better distribu-
tion of strains, even with adjacent bone loss. Of particular note,
when the model was simulated with full osseointegration with
no bone loss, the Astra implant seems to perform similarly to the
Straumann implant. A possible reason for this is that the Astra
and Straumann implants by their design have their threads in
the cortical bone, whereas in Camlog a smooth surface interfaces
with the cortical bone. Thus, the results indicate that the presence
of implant micro-threads in the cortical bone may have a positive
influence on the strain distribution.

In the clinical experience of the authors the Camlog implants
exhibited a high incidence of complications resulting from rapid
Fig. 7. Strain results (le) for (a) Astra Osseo Speed, (b) Camlog Plus, (c) Straumann BL
movement at the bone-implant interface is allowed. Below the red line, the interface
distribution, if any, of extremely high strains (>25,000 le) induced in the adjacent bone.
(For interpretation of the references to colour in this figure legend, the reader is referre
bone loss. Thus more detailed simulations were performed under
conditions simulating relative bone movement at the implant sur-
face in the upper part of the implant. Under these conditions (fric-
tion contact) the simulations revealed that the chamfer at the neck
induces very high strains in a very small region (Fig. 7). In clinical
practice this particular implant site is surrounded by cortical bone.
Thus a possible explanation for the observed clinical outcomes is
that unphysiological strain induces bone resorption, subsequent
to which the Camlog geometry performance deteriorates in com-
parison to the others. Thus the authors hypothesise that a failure
in early osseointegration of the implant surface in the cortical bone
affects the optimality of implant geometry. The simulation results
of the full bone friction configuration illustrate that a sharp geo-
metrical feature (chamfer in neck) could potentially lead to accel-
erated bone loss and eventual failure. Limbert et al. [29], in their
investigation of trabecular strains and micro-motion (implant dis-
placement) in an embedded Astra implant, reported similar perfor-
mance implications. There are, however, a few minor distinctions.
Limbert et al. used an already osseointegrated implant (and subse-
quently remodelled adjacent bone) embedded in a porcine mandi-
ble segment as the basis for their model. The reported strain
magnitudes were largely below unphysiological limits (<3000 le)
and were minimally affected by varying the friction coefficients
(a higher value corresponds to a firmer bone-implant contact).
However, in our study with friction contact, the Camlog implant
is observed to induce critical strains at the neck chamfer. These dis-
tinctions in the results of the studies can be attributed to the differ-
ences in the morphology of human and porcine mandibles, implant
geometries tested and boundary conditions. Furthermore, as
reported by Wirth et al. in [30,31], bone volume fraction has a
direct bearing on the strains transferred through the cortical shell
to the trabecular structure. Thus, this study builds upon the estab-
lished methodology in literature [29–31], by including multiple
implant geometries and clinically observed bone morphology, to
emphasise the importance of geometry evaluation under closely
mimicked clinical conditions.

While distinct implant geometries seem to exhibit differences
in performance, it should be noted that from an overall perspec-
tive, the failures are not significant in number. The clinical data
included in this study consists of a large case pool (3700) with
and (d) Straumann S/SP implants. Above the horizontal red line, relative frictional
is assumed to be fully bonded. The images to the right of each scheme show the
For a colour representation, the reader is referred to the online version of this paper.
d to the web version of this article.)
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low incidence of failures (�0.3%). Additionally there are some
modelling and simulation limitations that need to be considered.
In terms of the geometry the model were created using a high res-
olution micro-CT device which limits the object size that can be
imaged. Thus the realism of anatomy was limited to a section of
the mandible in close proximity to the implant and extrapolated
to the rest of the geometry. This makes the whole process of model
creation and simulation analysis feasible with modest computa-
tional resources. The simulation parameters employed were lim-
ited to axial compressive loading in this study. In future studies,
the bucco-lingual direction, mesio-distal direction and their com-
binations would be considered. Furthermore, a more wholesome
treatment of this subject must deal with the issue of bone remod-
elling around the implant. This would involve complex and
detailed simulations using an adaptive feedback algorithm based
on the mechanostat strain threshold [15,32].

4. Conclusions

In this study the possible correlation between bone loss pat-
terns observed in 10 selected patients and the associated implant
geometries was investigated. Using FEA method at the micro-
structure level, the influence of 4 different implant geometries on
the strain patterns in the adjacent bone tissue was analysed. When
studied under progressive bone loss patterns observed clinically,
the implants showed degraded performance in terms of increased
high strain regions in the surrounding bone (>3000 le). The
implant geometries were also modelled to simulate an absence
of a perfect bond at the bone-implant contact at the upper region
of the implant. Results indicate that features such as sharp cham-
fers can induce localised, extremely high pathological strains
(>25,000le).

Thus, while implants geometries are designed to perform under
the assumption of osseointegration, when either the bone-implant
interface fails or pathological bone loss occurs, the implant geom-
etries might no longer be optimal. This study demonstrates that
when evaluating implant geometries, it is imperative to consider
not only the best case scenario but also their optimality under pro-
gressive bone loss initiated by other factors such as infection and
overloading.
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[14] Kayabas�ı O, Yüzbasıoğlu E, Erzincanlı F. Static, dynamic and fatigue behaviors
of dental implant using finite element method. Adv Eng Softw
2006;37(10):649–58.

[15] Mellal A, Wiskott HWA, Botsis J, Scherrer SS, Belser UC. Stimulating effect of
implant loading on surrounding bone. Comparison of three numerical models
and validation by in vivo data. Clin Oral Implant Res 2004;15(2):239–48.

[16] Van Oosterwyck H, Duyck J, Vander Sloten J, Van Der Perre G, Naert I. Peri-
implant bone tissue strains in cases of dehiscence: a finite element study. Clin
Oral Implant Res 2002;13(3):327–33.

[17] Rho JY, Tsui TY, Pharr GM. Elastic properties of human cortical and trabecular
lamellar bone measured by nanoindentation. Biomaterials Oct.
1997;18(20):1325–30.

[18] Turner CH, Rho J, Takano Y, Tsui TY, Pharr GM. The elastic properties of
trabecular and cortical bone tissues are similar: results from two microscopic
measurement techniques. J. Biomech. 1999;32(4):437–41.

[19] Bozkaya D, Muftu S, Muftu A. Evaluation of load transfer characteristics of five
different implants in compact bone at different load levels by finite elements
analysis. J Prosthet Dent 2004;92(6):523–30.

[20] Chun H-J, Park D-N, Han C-H, Heo S-J, Heo M-S, Koak J-Y. Stress distributions in
maxillary bone surrounding overdenture implants with different overdenture
attachments. J Oral Rehabil 2005;32(3):193–205.

[21] Gei M, Genna F, Bigoni D. An interface model for the periodontal ligament. J
Biomech Eng 2002;124(5):538–46.

[22] Kohles SS, Bowers JR, Vailas AC, Vanderby R. Ultrasonic wave velocity
measurement in small polymeric and cortical bone specimens. J Biomech
Eng 1997;119(3):232–6.

[23] Menicucci G, Mossolov A, Mozzati M, Lorenzetti M, Preti G. Tooth-implant
connection: some biomechanical aspects based on finite element analyses.
Clin Oral Implant Res Jun. 2002;13(3):334–41.

[24] Petrie CS, Williams JL. Comparative evaluation of implant designs: influence of
diameter, length, and taper on strains in the alveolar crest. A three-
dimensional finite-element analysis. Clin Oral Implant Res Aug.
2005;16(4):486–94.

[25] Bujtár P, Sándor GKB, Bojtos A, Szucs A, Barabás J. Finite element analysis of
the human mandible at 3 different stages of life. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2010;110(3):301–9.

[26] Field C, Li Q, Li W, Swain M. Influence of tooth removal on mandibular bone
response to mastication. Arch Oral Biol Dec. 2008;53(12):1129–37.

[27] Fujiki K, Aoki K, Marcián P, Borák L, Hudieb M, Ohya K, et al. The influence of
mechanical stimulation on osteoclast localization in the mouse maxilla: bone
histomorphometry and finite element analysis. Biomech Model Mechanobiol
Apr. 2013;12(2):325–33.

[28] Sarrafpour B, Rungsiyakull C, Swain M, Li Q, Zoellner H. Finite element analysis
suggests functional bone strain accounts for continuous post-eruptive
emergence of teeth. Arch Oral Biol 2012;57(8):1070–8.

[29] Limbert G, van Lierde C, Muraru OL, Walboomers XF, Frank M, Hansson S, et al.
Trabecular bone strains around a dental implant and associated
micromotions–a micro-CT-based three-dimensional finite element study. J
Biomech 2010;43(7):1251–61.

[30] Wirth AJ, Müller R, van Lenthe GH. Computational analyses of small
endosseous implants in osteoporotic bone. Eur Cells Mater 2010;20:58–71.

[31] Wirth AJ, Müller R, van Lenthe GH. The discrete nature of trabecular bone
microarchitecture affects implant stability. J Biomech 2012;45(6):1060–7.

[32] Lin D, Li Q, Li W, Duckmanton N, Swain M. Mandibular bone remodeling
induced by dental implant. J Biomech 2010;43(2):287–93.

http://refhub.elsevier.com/S0261-3069(14)00355-0/h0005
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0005
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0005
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0010
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0010
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0010
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0015
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0015
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0020
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0020
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0020
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0030
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0030
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0035
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0035
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0035
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0040
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0040
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0165
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0165
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0165
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0050
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0050
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0050
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0050
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0055
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0055
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0055
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0170
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0170
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0170
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0070
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0070
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0070
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0070
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0070
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0070
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0075
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0075
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0075
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0175
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0175
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0175
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0085
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0085
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0085
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0090
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0090
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0090
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0095
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0095
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0095
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0100
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0100
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0100
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0105
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0105
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0110
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0110
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0110
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0115
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0115
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0115
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0120
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0120
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0120
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0120
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0125
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0125
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0125
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0130
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0130
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0135
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0135
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0135
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0135
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0140
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0140
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0140
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0145
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0145
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0145
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0145
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0150
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0150
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0155
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0155
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0160
http://refhub.elsevier.com/S0261-3069(14)00355-0/h0160

	Finite element analysis of bone loss around failing implants
	1 Introduction
	2 Materials and methods
	2.1 Patient information
	2.2 Peri-implantitis treatment protocol
	2.3 Finite element analysis

	3 Results and discussion
	4 Conclusions
	Acknowledgements
	References


