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Abstract
Background: The implant-abutment connection (IAC) is known to be a key factor for the long-

term stability of peri-implant tissue.

Purpose: The aim of the present in vitro study was to detect and measure the mechanical

behavior of different IACs by X-ray imaging.

Materials and Methods: A total of 20 different implant systems with various implant dimensions

and IACs (13 conical-, 6 flat-, and 1 gable-like IAC) have been tested using a chewing device

simulating dynamic and static loading up to 200 N. Micromovements have been recorded with a

high-resolution, high-speed X-ray camera, and gap length and gap width between implant and

abutment have been calculated. Furthermore, X-ray video sequences have been recorded to

investigate the sealing capacity of different IACs.

Results: Out of the 20 implant systems, eight implant systems with a conical IAC showed no

measurable gaps under static and dynamic loading (200 N). By contrast, all investigated implant

systems with a flat IAC showed measurable gaps under dynamic and static loading. X-ray video

sequences revealed that a representative conical IAC had sufficient sealing capacity.

Conclusion: Within the limits of the present in vitro study, X-ray imaging showed reduced

formation of microgaps and consecutive micromovements in implants with conical IAC

compared to flat IACs.
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1 | INTRODUCTION

The anchoring of dentures with implants has in the past decades

become a accepted and established therapeutic method to treat tooth

loss worldwide. There is evidence in the literature that the osseointe-

gration of implants is highly reliable and produces good long-term

results.1,2 Optimized implant surfaces and improved surgical tech-

niques for implant placement ensure a successful and long-term stable

osseointegration of the implants after placement.3 Maturation of the

bone in the implant-contact zone allows constant load-dependent

adaptation and renewal of the trabecular structure, anchoring the

implant, and ensuring proper long-term functioning.

After successful osseointegration and prosthetic loading, the

loading force exerted on single-crown implants increases over time,

especially in the posterior region of the mouth.4,5 The increased and

cyclical loading induced by the act of chewing also affects not only

the implant-bone interface, but also the connection between the

implant and the abutment. Compound components may fatigue as

quickly as integral components with identical dimensions under cycli-

cal loading, resulting in loosening or fracture of the connection com-

ponent, which usually occurs long before the failure of the implant

material.6 Furthermore, connections that are initially tight may even-

tually leak because of an unfavorable angle between components.

Furthermore, a high amount of applied load vector can lead to elastic

deformations that create a gap in the interface between the abutment

and the implant.7 The gap allows fluid infiltration into the interior ofHolger Zipprich and Paul Weigl contributed equally to this study.
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the coupling and the adjoining peri-implant area. The fluid in the inte-

rior of the coupling becomes highly contaminated with endotoxins,

acidic compounds, and bacteria.8 Contamination of the peri-implant

tissue should be avoided to prevent tissue damage or loss. The aim of

this in vitro study was to characterize the mechanical behavior of

different implant-abutment connections (IACs) under dynamically

increasing and decreasing loads using X-ray imaging.

2 | MATERIALS AND METHODS

The present in vitro study examined 20 different IAC systems in the

department of Prosthodontics, School of Dentistry, Johann-Wolfgang

Goethe University, Frankfurt/Main, Germany, according to a well-

established study protocol. Investigated implants were chosen to

obtain a representative selection of IACs (conical/flat connection) and

common design characteristics (eg, cone angle, index type). Of the

20 implant systems, the IAC was conical in 13 systems, flat in six sys-

tems, and gable-like in one system (Table 1). Implant-anchored single-

tooth restorations in the molar region were simulated to investigate

the differences between the various IAC types under methodical,

induced distortion. The experiments have been performed by the

authors H.Z., C.R., and B.L. in main responsibility. P.W. and H.-C.L.

served as consultants and supervisors.

2.1 | Simulation of the endosseous implant
anchorage, abutment assembly, and single crown
restoration

Five implants were tested per implant system. Test implants were

each embedded in a T-shaped block of resin (Technovit 4004;

Heraeus Kulzer GmbH Division Technology, Wehrheim, Germany;

total height = 24.0 mm; horizontal bar height = 14 mm; horizontal

bar width = 10 mm; vertical bar height = 10 mm; vertical bar

width = 20 mm, depth = 10 mm). Using a muffle and an alignment

tool, each implant was embedded in an identical position within

the resin. Each implant was embedded so that the platform was

3 mm above the surface of the resin block, in accordance with

DIN EN ISO 14801:2016 standards.

Straight abutments were mounted on the implants using the tor-

que recommended by the manufacturers (Table 1). Toa void bias, a

precalibrated universal torque wrench (Torsion Meter 760, Stahlwille,

EDUARD WILLE GmbH & CO KG, Wuppertal, Germany) was used to

mount all abutments instead of the torque wrenches provided by the

implant manufacturers.

To achieve comparable results independent of abutment designs,

the abutment diameter was reduced to 3.45 mm using a lathe

(EMCOTURN 120; Controller TRONIC TM02; EMCO Maier GmbH,

Hallein-Taxach, Austria) and, if necessary, the length was shortened

occlusally. The lathed surface was sandblasted with alumina particles

(110 μm, 2.5 bar). A threaded sleeve (M5 × 0.5 mm) was cemented

onto each lathed abutment (NimeticTM Cem; 3M Espe, Seefeld, Ger-

many), creating a cement gap of 0.05 to 0.1 mm between the sleeve

and the abutment. A metal ball with an outer diameter of 8.0 mm was

screwed onto the threaded sleeve. The force-introduction center (ie,

the center of the ball) was precisely positioned 8.0 mm above the

implant platform.

2.2 | Simulation of dynamic chewing forces

The resin block with the embedded implant was clamped into a two-

dimensional chewing simulator with two separately controllable,

simultaneously acting electrodynamic actuators standing perpendicu-

larly to one another (Figure 1A,B). The actuators worked on the mov-

ing coil principle to generate a force vector freely adjustable in angle

(− 0� to + 90�) and magnitude (0-300 N) on the IAC (Figure 2A,B).

The amount and direction of the chewing-force vector resulted from

vector addition of the forces provided by the two actuators. The

power of the two actuators was calibrated using three orthogonally

aligned force sensors (HBM U2B 500N; Hottinger Baldwin Messtech-

nik GmbH, Darmstadt, Germany).

The maximum force of each simulated chewing cycle was

increased by 25 N over eight consecutive test cycles, starting at 25 N

and ending at 200 N. A dynamic load was placed on the force ball to

simulate the biomechanical situation of chewing in the posterior

region of the mouth according to the DIN 14801:2016 standards. The

loading of the implants can be described in three phases (Figure 3):

In the first phase, a force was generated in the vertical (axial)

direction by the vertical actuator (Figure 1A, no. 1) starting at 0 N and

increasing to the maximum force for the cycle at a slew rate of

0.3 N/ms (phase 1, Figure 3).

In the second phase, the force of the horizontal actuator

(Figure 1A, no. 2) was activated and the horizontal force was

increased while the vertical force was reduced. The increasing hori-

zontal force and decreasing vertical force were balanced, so that the

magnitude of the resulting force vector was kept constant at the level

of maximum force. This increase in horizontal force and decrease in

vertical force rotated the direction of the resulting force vector from

vertical to 30� from vertical. This was performed over the same time

interval as that required to reach the maximum force in phase 1.

During the transition from phase 2 to phase 3, a static load was

maintained for 5 seconds. This was used to compare the behavior of

the IAC between static- and cyclical-loading situations.

In the third phase, the 30� inclination of the applied force vector

was kept constant, while the magnitude of the force was reduced at a

rate of 0.6 N/ms until it reached 0 N (phase 3, Figure 3).

2.3 | Analysis of the IAC

The behavior of the IACs under cyclic loading was analyzed using

sequential two-dimensional radiographs (Figure 4) collected on an

FXS 160.50 X-ray system with an X-FXT-160.45 X-ray bulb

(Feinfokus, Germany). The X-ray parameters could be adjusted and

combined from 10 to 160 KV and from 0.01 to 1 mA to obtain the

best possible representation of the IAC. X-ray images were amplified

using a Thales TH 9438 QX (Thales Group, Neuilly-Sur-Seine, France).

Consecutive, intensified X-ray images were recorded using a high-

speed digital camera (Redlake MotionPro HS-3; IS-Imaging Solutions

GmbH, Eningen, Germany) operating at 1000 frames per second and a

resolution of 1280 × 1024 pixels in monocolor mode.
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2.4 | Measurement of the gap at the implant-
abutment interface

Raw data from the high-speed camera were postprocessed using

the graphical programming system LabVIEW version 8.2 (National

Instruments, Austin, Texas). The raw data contained a relatively high

amount of noise due to the high light sensitivity of the image sensor.

To reduce image noise, 11 consecutive individual images were com-

bined to create a single image. The algorithm averaged 11 identically

placed pixels from the individual images to create each pixel in a single

noise-reduced image. The 11 consecutive images represented a period

of 11 ms during cyclic loading with a force increasing at 0.3 N/ms.

Therefore, every noise-reduced image included a force increase of

3.3 N during phase 1. During phase 2, the noise-reduced image cap-

tured changes in the vector angle depending on the load cycle, which

ranged from 0.495� (200 N cycle) to 2.96� (25 N cycle). During phase

3, the averaged image also captured a continuously decreasing load

from 6.6 N to 0 N.

Two experienced investigators independently evaluated each of

the noise-reduced images and selected the image with the largest gap

in the interface or with the largest displacement of the entire test

body. These selected images were used for the quantitative analysis.

The investigators viewed the images in both dynamic and static

FIGURE 1 Schematic drawing of the setup for cyclic loading of an implant-abutment-joint in the nonloaded phase (A) and (B) in the loaded phase.

The instrument components consist of an electro-dynamic actuator generating vertical load (1), an electrodynamic actuator generating horizontal
load (2), a rod end (3), a ball head joint (4), an abutment and fixed ball head (5), and the implant (6) embedded in a resin block (7). Rotation due to
horizontal shift of the abutment is shown in (8). The force coupling was designed to be flexible enough to avoid uncontrolled shear forces and
moments on the force transmission ball. This flexibility was achieved by using swivel heads in the force-introduction strands ([B], no. 3) and in the
congruent pans of the force-application sphere ([B], no. 4). (B) A rotation of the force transmission ball relative to the abutment due to the
horizontal force component of the load; no. 8 shows the resulting angle of inclination in the vertical force-generating strand

FIGURE 2 Photograph of setup for cyclic loading of the implant-

abutment joint. The instrument consists of an electrodynamic
actuator generating vertical load (A), and an electrodynamic actuator
generating horizontal load (B). An electrodynamic actuator generating
vertical load (1), an electrodynamic actuator generating horizontal
load (2), a rod end (3), a fixation device for the specimen (4), an
abutment and fixed ball head (5), and the implant (6) implant
embedded in a resin block (7) are necessary to imitate static and
dynamic chewing load

FIGURE 3 Schematic plot of loading vector force and angle

throughout a load cycle. After one cycle, the maximal load was
increased by 25 N for each subsequent cycle until it reached 200 N

4 ZIPPRICH ET AL.



modes to ensure reliable identification of the best representative

images.

For the quantitative analysis, the dimensions of the gap were

measured at the implant-abutment interface in the selected images

using GNU Image Manipulation Program (version 2.8.0; www.gimp.

org). The “tape measure” tool in the software was used to determine

the number of pixels within the gap. The size of the gap was measured

in two dimensions. The gap width (GW) is the perpendicular distance

between the implant and the abutment at the outermost boundary of

the implant-abutment interface in relation to the implant axis. The gap

length (GL) is the distance between the beginning of the detectable

gap and the outermost boundary of the implant, measured along the

surface of the implant.

The gap widths of the five replicated of each implant system were

averaged for each maximum force. The gap lengths were also aver-

aged for the five replicates at a maximum force of 200 N. In addition,

the length of contact (IC) at the implant-abutment interface was calcu-

lated using the equation IC = IL-GL. The overall length of the implant-

abutment interface (IL) was known.

2.5 | Calibration of the measurement apparatus

The number of pixels was converted into the absolute distance

between the abutment and implant in the interface area using the fol-

lowing calibration methods: Two special calibration bodies were used

to determine the resolution of the coupled camera, optics, image

intensifier, and X-ray bulb. The calibration bodies consisted of a sheet

with a rectangular hole substituted for the implant. The hole was eval-

uated using an optical measuring table from Leitz (Leica Microsystems

GmbH, Wetzlar, Germany) and an integrated micrometer head

(DIGIMATIC series 350; Mitutoyo Germany GmbH, Neuss, Germany).

The rectangular hole was positioned horizontally in one calibration

body and vertically in the other. Radiographs of the two calibrating

bodies were evaluated as described above, and the dimensions of the

rectangles were correlated with the numbers of pixels.

The per-pixel resolution of the X-ray unit was determined at a dis-

tance of 1 cm between the center of the calibration body and the beam

exit window. The resolution of the horizontally positioned rectangle

was calculated to be: 1516 μm (measuring table)/756 pixels = 2.005 μm

per pixel. The resolution of the vertically positioned rectangle was

calculated to be: 1522 μm (measuring table)/768 pixels = 1.981 μm per

pixel. The resolutions in the vertical and horizontal positions were both

rounded to 2.0 μm per pixel.

2.6 | Normalization of the radiographs under static
versus dynamic load

To compare the static and dynamic loading situations, radiographs

were normalized using clearly visible landmarks. The corresponding

images of static and dynamic loads were aligned with reference to the

external geometry of the implant at the shoulder area.

2.7 | Representative comparison of static and
dynamic loads

In order to compare the type IAC under static and dynamic loads, two

representative implants were selected. The Ankylos (� 3.5 mm;

17 mm length) and CAMLOG (� 3.8 mm; 13 mm length) implants

were selected as representative implants and were exposed to a maxi-

mum load cycle of 200 N. Radiographs were collected before, during,

and after applying the static load with 30� displacement. Then,

implants were immediately subjected to the dynamic loading protocol

with a maximum force of 200 N. Images were recorded using slow-

motion video prior to load application, at 200 N and 30� displace-

ment, and again after any load application. Furthermore, a single frame

was collected without any load applied. To facilitate visual comparison

of the X-ray images, the outermost boundary line of the implant sur-

face at the shoulder area was aligned in each of the images.

2.8 | X-ray video analysis of the sealing capacity

To analyze the clinical relevance of the sealing capacity of the implant-

abutment-connection, X-ray sequences of a flat (butt joint) and conical

IAC have been recorded. A butt joint with a radiologically detectable

microgap and a conical IAC without a radiologically detectable micro-

gap were tested in an artificial gingiva made from Impregum Penta

(3M ESPE) with a gingival height of approximately 3.0 mm. An access

channel (� = 2.0 mm) to the IAC for a radiopaque fluid was placed

within the artificial gingiva. The liquid was composed of a saliva substi-

tute (Salivanatura; Parnell Pharmaceuticals) and an X-ray contrast agent

FIGURE 4 Computer-Aided-Design (CAD) rendered schematic plot of the dynamic X-ray imaging device (all parts CAD rendered)
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(Imeron 300; Bracco Imaging Germany GmbH, Konstanz, Germany).

Video S1 (Supporting Information) gives an overview the IAC together

with the access channel filled with radiopaque fluid.

3 | RESULTS

The simulated chewing force resulted in elastic deformation of the

implant-abutment specimen, the clamp holding the specimen, and the

entire test station. In some cases, the chewing force also caused a gap

in the IAC. Each of those deformations resulted in a vertical and hori-

zontal change in the position of the force transmission ball (Figure 1B)

relative to its position in the unloaded condition (Figure 1A).

The design of the IAC varied among the 20 investigated implant

systems (Figure 5). Thirteen implants with conical connections, six

with flat connections, and one with a gable-like connection have been

investigated. The averaged gaps at the IAC for each maximum load

are listed in Table 1. All implants with a flat connection (BIOMET 3i,

Bredent, Camlog K-series, Dentsply Xive S plus, Heraeus iQ-nect,

Nobel Biocare-Nobel Replace) and the implant with the gable connec-

tion (BPI-bpisys.classic VS) showed measurable gaps between the

implant and abutment under both static and dynamic loading. Out of

the 13 implants with conical connections, eight implants showed no

measurable gap formation under dynamic or static loading (Straumann

Bone Level, Osstem GS III, Nobel Biocare-Nobel Active, Leone

Exacone, Argon Dental K3 Pro Standard with hex; Bego Semandos S,

Biodenta Bone Level B2, Dentsply Ankylos). One implant with a

conical connection showed no measurable gap under static loading

but an obvious gap under dynamic loading (Biodenta Tissue Level).

The remaining four conical connection implant systems showed mea-

surable gaps under both static loading of 200 N and dynamic loading

of either 100 N (Dentsply Astra Osseo Speed 4.0, Dentsply Astra

Osseospeed 4.5, Straumann synOcta), or 150 N (Straumann massive

abutment). The Astra Osseospeed implant system with a diameter of

4.5 mm presented a smaller gap width and length compared with an

implant of the same system with a diameter of 4.0 using the same

type of conical connection and cone angle.

In the flat IAC systems, a sufficiently strong horizontal force

caused a small rotation of the abutment relative to a pivot point on

the edge of the implant platform due to clearance between the joined

components (Figure 6A). A subsequent reduction of the horizontal

load caused a reset of the elastically deformed components (implant,

abutment, connecting screw) in implants with a “butt”-style connec-

tions. Dynamic loading caused cyclical formation and regression of a

gap in the implant-abutment interface.

All of the eight implant systems that did not show gaps under

loads had a conical IAC (Table 1, Figure 6B). Little to no abutment

rotation was observed when dynamic load was applied to systems

with conical interfaces. When relative movement between the abut-

ment and the implant in the conical connection occurred, no radiologi-

cally detectable gap at angled surfaces could be observed. Under the

conditions tested, differences in the length and angle of the conical

connection had no measurable effect on gap formation; however,

such differences did affect the extent of radiologically visible move-

ment of the abutment relative to the implant.

The vertical angle error (Figure 1B, no. 8) at 200 N force was

detected based on the change in the horizontal position of the loading

ball (min: 212 μm with Bego � 4.5 mm; max: 536 μm with Astra Tech

� 4.5 mm). The minimum and maximum vertical angle errors were cal-

culated to be 0.00218� and 0.00536�, respectively. The minimum and

maximum horizontal angle errors were determined to be 0.0001�

(XIVE with � 4.5 mm) and 0.00056� (Leone with � 4.1 mm), respec-

tively. Because the maximum resulting angular error was only

+0.00508� (Astra Tech with � 4.5 mm), no correction of the results

using an error algorithm was necessary.

The gap lengths under a dynamic maximum load of 200 N in the

30� direction (Table 1) were used to calculate the implant system-

specific contact lengths of the force-transmitting implant-abutment

interface regions.

When analyzing the connection specifications of the investigated

implant systems, it became obvious that increased gaps seemed to

form when the contact length of the implant-abutment interface is

rather short. However, even small gap lengths lead to continuity

between the peri-implant outer environment and the inner lumen of

the implant.

In both conical (Figure 7) and butt connection (Figure 8A,B)

implants, static loading caused greater dislocations of the abutments

than the dynamic load in the identical experimental setup with the

same force vector (200 N, 30�).

For a better understanding and illustration of the present findings,

the clinically relevant sealing capacity of representative IACs was visu-

alized. The static and dynamic loading of two types of connections

was visualized by compiling slow-motion X-ray movies from sequen-

tial radiographs after applying a radiopaque artificial saliva. The

recorded sequences clearly show the invasion of the artificial saliva

into the flat IAC during a cycle with maximum force of 200 N (Video

S2). In contrast, the conical IAC was not penetrated by artificial saliva

(Video S3).

4 | DISCUSSION

The 20 implant-abutment systems showed design-dependent behav-

ior when load was applied. Horizontal forces caused a small rotation

of the abutment relative to a pivot point on the edge of the implant

platform. Conical connections had less radiologically detectable micro-

gap formation at the implant-abutment interface (Figure 6B). Espe-

cially, implant systems with a conical IAC showed reduced

radiologically detectable microgap. In 8 out of 13 investigated conical

connection implant systems, no microgap was obvious, whereas gap

formation was detected in all of the six implant systems with a

flat IAC.

Similar results regarding the favorable sealing capacity of conical

connections were shown previously using real-time radioscopy with

synchrotron light sources and using a finite element study, which

showed that no microgap occurred in the case of a conical IAC.9,10

To avoid misinterpretation, especially with regard to clinical appli-

cation, it is essential to note that the results of the present in vitro

study cannot be transferred one-to-one to the clinic. Loading was per-

formed at up to a force of 200 N. Thus, no statement about a
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potential gap formation, also of conical connections, at higher loading

forces can be made.

Static, and therefore relatively long acting, horizontal forces were

able to cause gaps even at the conical joint surfaces by increased

elastic deformation (Figure 7A; Table 1). Design parameters other than

the conical versus flat connection design might further influence gap

formation. The effective cone length, wall thickness ratios of the

implant and the abutment, and the pretensioning of the connecting

FIGURE 5 Two-dimensional X-ray images of the implant-abutment joint designs of the 20 implant types investigated in the present study

(nonloaded)
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screw must be optimally balanced in order to withstand loads of

200 N with 30� directional displacements without gap formation. In

addition, manufacturing artifacts, such as the surface quality of the

joining surfaces (eg, the cone surface, the screw-head support, and

screw thread) and the tolerance of the cone angle, influence the over-

all quality of the IAC.

Beside the type IAC, the screw torque might also be of particular

interest. Each screw was mounted at the torque recommended by the

manufacturer (Table 1). Depending on the screw configuration and

the tightening torque, a preload is generated that connects the

implant and the abutment. The higher the tightening torque, the

higher the clamping force between the implant and abutment and

consequently the sealing of the IAC. However, the torque is limited by

several factors, such as deformation of abutment or implant, that

might promote cleft formation and impair primary stability or osseoin-

tegration of the implant. Thus, all implant components should be per-

fectly coordinated to prevent damage to the implant and the patient.

Rack et al tested implant systems using the same type of static

load as the present study and imaged their experiments at a high-

resolution synchrotron facility. To achieve sufficient image quality

with static loading, very long exposure times (up to 10 seconds) were

required. This long duration of load might influence the results.11,12 In

the present setting, a shorter exposure time and an equally high

dynamic load was applied, leading to a greater dislocation of the

abutment relative to the implant platform and thus a larger microgap

during the static load of a nonconical abutment connections

(Figure 7B). Static loads are considered clinically relevant in the con-

text of chewing or maximum intercuspidation. Static loading plays not

only an important role in the investigation of myoelectric activity in

masticatory muscles and bit forces,13,14 but also in the analysis of

resistance of different implant-related components against biting

forces. Exemplarily, an in vivo measurement of bite forces at posterior

implants, applied a comparable range of static loading of up to 200 N

as applied in the present study.15 Furthermore, high values of static

loads and maximum biting forces occur in patients with severe brux-

ism, who are considered a difficult population to treat.

Cyclical gap formation can cause wear on metal surfaces. Tita-

nium and iron remnants were reported to be found in soft-tissue and

hard-tissue biopsies retrieved from sites of peri-implantitis sites.16

However, such reports should be discussed carefully with respect to

many possible reasons for contaminations. Furthermore, wear pat-

terns, such as adhesive wear and fretting, were seen in implants after

cyclical loading regardless of the interface design.7 Previous studies

investigating a gap formation at the implant-abutment interface based

on fluid discharge, as indicated by measures of bacterial contamina-

tion, reported that conical connection implants showed improved sali-

vary sealing under load, although the sealing was not absolutely

reliable.17-20 The cyclical opening and closing of the microgap seems

FIGURE 6 Two-dimensional X-ray image of the implant-abutment connection (nonloaded). A, Flat implant-abutment connection with visible

clearance gaps. B, Conical implant-abutment connection without visible clearance gaps

FIGURE 7 Two-dimensional X-ray image of a conical implant-abutment connection. The static load caused enhanced dislocation of the

abutment. A, Static load of 200 N at 30�. B, Dynamic loading cycle at 200 N and 30�
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to act as a pump, which causes the peri-implant tissues to become

contaminated by bacterial endotoxins and acids from the liquid pre-

sent in the cavities of the implant.17-20

In a previous study, the gap formation observed in the Camlog

K-series and Straumann synOcta systems was greater than that in the

present study.21 Neither the generation of the force nor the force

coupling was different between the previous and the present studies,

and therefore the apparent differences cannot be explained by the

experimental methodology. The different gap widths could therefore

most likely be due to changes in the manufacturers’ portfolios since

the prior study. In 2007, the Camlog J-series was tested, whereas the

K-series was tested in our current investigation. Straumann's synOcta

has also implemented product modifications in which secondary parts

and the corresponding milling cylinder were changed. Within the past

years, improvements in material science and implant technology have

led to modifications in the implant design of many implant types.

Regarding the IAC, a marked trend toward conical connections is obvi-

ous. However, there is still uncertainty about the significance of the

type of IACs regarding the clinical long-term performance of implants,

the importance in the development of peri-implantitis and the long-

term stability of peri-implant hard and soft tissues.

Within the limits of the present in vitro study, the examination

revealed that in both, conical (Figure 7) and butt connection

(Figure 8A,B) implants, static loading caused greater dislocations of

the abutments than the dynamic load in the identical experimental

setup with the same force vector (200 N, 30�). However, to state

superiority of a particular IAC further, especially clinical, studies of

high scientific value are necessary.

5 | CONCLUSION

Dynamic loading of 100 N or more on IACs led to a cyclical opening

and closing of gaps between the implant and the abutment. Such gaps,

even when very small might allow a direct connection between the

internal cavities of the implant and the peri-implant tissues, which

could lead to contamination of the tissues by harmful liquids. In the

present study, conical connections seemed to showed no or reduced

formation of gaps during dynamic loading of 200 N compared with

flat connections. However, also some conical connections presented a

gap which seemed to depend on the platform diameter.
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