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Abstract

Prevention of peri-implant disease can be an important factor in ensuring the longevity of

dental implant therapy. However, when strong lateral force is applied to the superstructure of

the implant due to bruxism and traumatic occlusion, the marginal sealing ability of the

implant fixture-abutment interfaces (FAI) decreases, bacterial leakage occurs, and suggested

that it will occurring peri-implant disease. The purpose of this study is to clarify the

relationship between the magnitude of lateral force applied to the abutment and FAI distance,

and the presence and extent of bacterial leakage in FAI before and after loading.

Three two-piece type implants were used for the test implants. The lateral force was applied

to the abutment and the FAI distance was measured on loading and after release using by

scanning electron microscope. Next, bacteria were attached to the abutment screw, and the

implant body before and after the horizontal loading was immersed in Brain Heart Infusion

medium, and the bacterial leakage from FAI was measured.

As aresult, the FAI distance after the lateral loading increased in proportion to the magnitude

of the load. Also, when the lateral load was released, the FAI distance became larger in all the

groups than before the lateral load application. As a result of measuring bacterial leakage from

FAI, bacterial leakage increased in proportion to the distance as FAI distance increased after

loading.

From the results of this study, when lateral forces are applied to the implant, permanent



deformation of the implant structure at FAI occurs, bacterial leakage from FAI and bacterial

volume to FAI were increased. And it is suggested that the strong lateral force will be a risk

factors for developing peri-implantitis.
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Figure legends

Fig 1 Schematic drawing of measurement set-up for lateral to abutment.
Lateral loading to abutment using toque screw driver was determined by pressure sensor
and load cell apparatus.
Fig2 Correlation between the torque values to abutment and the measured lateral loading
value.
Dotted line was obtained by the least square method using values between the torque and
lateral loading.
Fig 3 Experimental set-up for fixing the abutment to custom-made jig to yield the lateral
loading to abutment.
a. The abutment was connected to the fixture after fixing to jig.
b. The lateral loading to abutment was given at the point 7.5mm above the fixture
platform.
Fig4 Measurement points for gap distance at Fixture-Abutment Interface (FAI).
a. SEM image
b. Schematic drawing
Fig5 Measurement points for deformation amounts at fixture platform.

Deformation amounts of fixture before and after lateral loading were determined by



measuring inner diameters of implant body before and after loading following retrieving
the abutment. Against the lateral loading, the direction parallel to the loading was defined
as X-axis and that perpendicular to the loading was defined as Y -axis in this study.

Fig 6 Experimental procedures for measurements for the bacterial leakage into FAL.

Fig 7 SEM image showing deforming of FAI distances by lateral loading (magnification

with x 1000).
The values ON and 224N represent the forces loaded and “revert” represents images
after reverting the lateral loading.

Fig 8 Changes in distance at FAI with lateral loadings.
Compared to group A, significant differences (p <0.05) were found in the loading
conditions at 114N, 168N, 224N and Re in groups B and C. The notches on the box plots
indicate an ~95% confidence interval of the median calculated as median = 1.58 x IQR/
¥ (n), with IQR being the defference between the third and first quartiles. Symbol X
denote mean of each samples. Symbols T and * denote significant differences at p<
0.05 analyzed by Mann-Whitney test.

Fig 9 Bacterial counts measured by culture medium absorbance before and after loading.
All of groups A, B and C increased absorbance values (OD) after loading, Significant
increase (p<0.05) in OD values were found at 48 hours in group B or 24 and 48 hours

in group C. Symbol * denotes significant difference at p<0.05 analyzed by Mann-



Whitney test.

Fig 10 Comparison of the absorbance values of culture media for experimental groups

before and after loading.

Increase in the absorbance values were absorbed in all groups at the periods after 12 hours.
The absorbance values significantly increase at 24 and 48 hours before loading and at 12,
24 and 48 hours after loading. Note: The largest increases in those values were found in
group B. Symbols T and * denote significant difference at p<0.05 analyzed by Kruskal-
Wallis or Bonferroni test.

Fig 11 Amounts of bacteria determined by bacterial counter before and after loading.
Groups B and C after loading significantly (p<0.05) increased the bacterial counts at 24
and 48 hours at compared to those before loading. Symbol * denotes significant
differences at p<0.05 analyzed by Mann-Whitney test.

Fig 12 Comparison of bacterial counts for experimental groups before and after loadings.
Significant (p<0.05) increases in the bacterial counts Group B before and after loading
were observed at 24 and 48 hours than those in Groups A and C. Symbol 1 and * denotes
significant differences at p<0.05 analyzed by Kruskal-Wallis and Bonferroni test.

Fig 13 Bacterial counts determined by CFU measurement before and after loading.

All experimental groups increased CFU values after loading and CFU values after

loading at 48 hours were significantly (p <0.05) greater than those before loading.



Symbol * indicates significant differences at p<0.05 analyzed by Mann-Whitney test.

Fig 14 Comparison of bacterial counts determined at CFU measurement for experimental

groups before and after loading.

Group B at 48 hours showed significant (p<0.05) greater CFU values than groups A

and C. Symbols T and * denote significant differences at p <0.05 analyzed by

Kruskal-Wallis or Bonferroni test.



Table 1

The implant fixture, abutment and abutment screw used in this study

Fixture Abutment )
Abutment Insertion Total Depth of
Group Type of Type of )
Shape and style Product screw torque convergence | connection
metal metal
angle
Aadva Ready Abutment
A (GC) Ti-6Al- Hexed Ti-6Al- .

i Ti-6Al-4V 20N * cm 8° 1.2 mm

¢ 4.0 x 10 mm 4V Regular/Wide ¢ 4.5 4V

mm
Aadva Ti
(GC, experimental) (Grade Ready Abutment | Ti-6Al-
B $ 4.0 x 10 mm V) Hexed 4V Ti-6Al-4V 20N - cm 8° 1.2 mm
Regular/Wide ¢ 4.5
mm
OsseoSpeed TX Ti Ti
C ( DENTSPLY implants ) | (Grade TiDesign 3.5/4.0 | (Grade _

Ti-6Al-4V 20N * cm 11° 1.1 mm

$4.0x 11 mm V) ¢ 4.5 mm V)




Table 2 Changes in the internal diameter of the implant body before and after

lateral loading

X-axis (um) Y-axis (um)
group before after A before after A
A 3194 £ 6 | 3202 £ 7 8 7 3220 £ 5 | 3212 £ 1 -8 =
B 3182 = 2 | 3201 = 6 19 = 6% 3212 £ 6 | 3210 £ 6 -2 x4
C 2843 = 3 | 2854 = 5 11 = 6% | 2854 = 4 | 2855 = 8 1 =4

A @ denotes the difference of inner diameter of after and before loading. The values after

loading were subtracted by these before loading.

After lateral loading, the abutment was removed and the inner diameter of the
implant platform was precisely measured with a depth measuring instrument. The
inner diameters in the Groups B and C, were significantly larger on the X axis in

the lateral loading direction. N = 4, * p <0.05 (Wilcoxon test)
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