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The predictability of dental implant osseointegration 
has enabled clinicians and researchers to focus on addi-
tional success criteria in the overall treatment.1 Initial as-
sessments of implant therapy considered survival rates, 
restoration stability, detectable bone loss and presence of 
soft-tissue infection.1, 2 As implant dentistry advanced, it was 
necessary to introduce new assessment points in order to 
broaden the understanding of favourable outcomes and 
pending failures. These included aesthetics, evaluated by 
both patients subjectively and clinicians objectively. A more 
patient-centred approach has led to a better insight into  
patient satisfaction, which was often overlooked in the past.

It was intriguing to discover that studies including a 
higher number of success parameters consistently re-
ported lower success rates.3 However, regardless of fail-
ure-indicating parameters being either subjective or ob-
jective, their culprits often lie in bacterial colonisation and 
detrimental force distribution.4 Their interdependence be-
comes apparent when the biofilm-induced inflammation is 
further aggravated by high stresses and strains in the sur-
rounding bone, leading to peri-implant tissue breakdown.

Taking into consideration the refined success outcomes, 
a greater need for clinicians to revise and upgrade their 
core implant knowledge exists. Therefore, in order to mi-
nimise functional complications in a loaded implant-borne 
restoration, a thorough understanding of both the patho-
logical processes (peri-implant mucositis and peri-implan-
titis) and implant biomechanics is needed.

This article will review the core biomechanical consid-
erations for implant placement in demanding conditions 
and demonstrate these principles on GC Aadva Standard 
implants (GC Tech.Europe, Germany).

Implant biomechanics

Load distribution of natural teeth depends on the peri-
odontal ligament-dependent micro-movements. As op-
posed to this, osseointegrated implants behave differ-
ently, owing to their rigid connection with the surrounding 
bone.5 The lack of periodontal ligament on an implant 
means the absence of an interposed absorbing layer that 
would normally diminish the occlusal impact to the bone 
and adapt to different types of loading. 

Upon axial loading of a natural tooth, an apical move-
ment of approximately 25–100 µm is possible, whereas in 
an integrated implant, the movement is no greater than 
3–5 µm, and for the most part depends on bone elastic-
ity.6 In natural teeth, lateral forces are dissipated quickly 
at a region further away from the alveolar crest, towards 
the root apex. This happens owing to the sudden move-
ment of approximately 56–108 µm while rotating around 
the apical third of the root.7, 8

With implants that is not the case. The implant move-
ments occur gradually, reaching a maximum of 10–50 µm  
when loaded with a similar lateral force. The rotation 
does not take place in the apical third of the implant; 

Fig. 1

Fig. 1: Implant positioning should be as parallel as possible with regard to the future occlusal plane. Fig. 2: Placement of four GC Aadva implants in the inter-

foraminal region.

Fig. 2
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rather, it happens around the very tip of the alveolar crest. 
Therefore, the highest stress and strain in a loaded im-
plant occurs in the crestal part of the peri-implant bone.9 
When the implant-to-bone interface is overloaded, a mi-
cro-strain-induced crestal bone resorption can occur.10 
This may add to a pre-existing implant pathology or  
facilitate the occurrence of a peri-implant disease. Load 
transfer management depends on the nature of the force 
applied and the contact surface distributing the forces to 
the bone. The bone is the most resilient to pressure and 
the least resilient to shear forces.11

Both macroscopic and microscopic properties of an 
implant body are important in their clinical performance. 
The microscopic component is very important in the ini-
tial healing phase and early loading period. Surface treat-
ment (e. g. sandblasting and acid-etching) increases the 
bone-to-implant contact by multiple times and facilitates 
healing.12 The macroscopic design is responsible for both 
early and delayed loading. Smooth surfaces on implant 
bodies increase the risk of bone loss because of non-ad-
equate force transfer. These surfaces easily cause shear 
forces when loaded with masticatory forces.13

Contemporary threaded implants have the capability to 
transform non-axial loading into a more favourable axial 
pressure force to the bone. When comparing implant de-
signs, cylindrical implants have a greater functional sur-
face for the load transfer to the bone than conical ones do. 
In such tapered implants, greater stresses are exhibited in 
the crestal bone. Biomechanical stress can be diminished 
with the correct choice of implant design, diameter, length 
and abutment and by thorough patient assessment.14–16

Studies on implant biomechanics have established nu-
merous important facts for clinicians and manufacturers. 
Load distribution has been shown to be directly related to 
implant size and shape.17, 18 Implant width has a significant 
impact on bone-to-implant contact surface. For each mil-
limetre of increase in implant diameter, the contact sur-
face becomes larger by 30 to 200 per cent, depending 
on implant design.17

Since the functional surface is considered the most im-
portant of all the design factors, one can conclude that the 
diameter of a loaded implant can greatly influence alveolar 
crest remodelling. Wide-diameter implants (up to 6.0 mm) 
have three and a half times greater bone stress reduction 
compared with narrow-diameter implants (3.5 mm). The 
greatest stress reduction is noted when increasing the im-
plant diameter from 3.6 to 4.2 mm. The next stress reduc-
tion, between 4.2 and 5.0 mm is half the previous amount. 
Furthermore, implant length, contrary to common belief, 
influences the functional surface less. A 10-mm cylindri-
cal implant has about a 30 per cent greater surface than  
a 7-mm implant does and a 20 per cent smaller sur-
face than a 13-mm implant.19 Analyses have shown that 

a loaded implant has the highest stress exhibited in the 
coronal 40 per cent of the implant-to-bone interface.17, 20, 21

Maintaining a favourable load distribution is not only 
beneficial for the implant-to-bone interface. Implant de-
sign plays a major role in the deformations occurring in 
the implant-to-abutment assembly itself.22 The mechan-
ical complications include abutment screw loosening, 
screw fractures, abutment fractures and, rarely, implant 
body fractures.23, 24

Regarding the occlusion-related factors, it is import-
ant to note that the implant placement should be precise 
and prosthodontically driven, bearing in mind the biome-
chanics of the final restoration. This means minimising 
the adverse leverage loads by centring implants in the 
mesiodistal plane, placing them perpendicular to the oc-
clusal plane, choosing key implant positions and avoiding 
cantilevers (Figs. 1 & 2).24 Moreover, the occlusion must 
be well-balanced with particular regard to patients with 
high masticatory forces and parafunctional habits.

Implant applied biomechanics

The aforementioned biomechanically significant prop-
erties can be demonstrated on the basis of a GC Aadva 
Standard implant. This implant is made from Grade 5 tita-
nium alloy (Ti-6Al-4V). The properties of the Grade 5 alloy 
have been proven mechanically advantageous, with its 
strength being significantly higher than in commercially 
pure titanium implants.25 In vitro results suggest that this 
implant is less prone to implant body fractures and could 
sustain higher masticatory forces.

This could be the reason that the manufacturer does 
not contra-indicate the use of a narrow-diameter (3.3 mm) 
implant in premolar sites. However, the authors advise 
exercising caution in such applications and splinting the 
final restoration to another regular-platform implant. Al-
though the narrow implant itself may withstand higher 
masticatory forces than usual, the loading of narrow im-
plants in general can cause less than ideal force distribu-
tion to the surrounding bone, as has already been men-
tioned. If placed as a single-implant restoration, a 4 mm 
diameter implant would be preferred for the premolar  
region. Available diameters are 3.3, 4.0 and 5.0 mm, with 
lengths ranging from 6.0 to 14.0 mm. 

Another design trait of the regular GC Tech implant is the 
cylindrical implant body with slightly tapered threads to-
wards the apex. The threaded cylindrical body is shaped 
to re-route and resist non-axial forces, while the discrete 
taper enables clinicians aiming for a more pronounced 
primary stability to achieve higher insertion torques. The 
surface is treated by sandblasting and acid-etching in 
an unconventional manner—there are three different sur-
face regions, each with its own roughness, which may  
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Fig. 3: Preoperative finding in a pneumatised lateral maxilla. Fig. 4: Superimposing the pneumatised sinus floor CBCT scan over the surgical area. Fig. 5: Lat-

eral window access to the maxillary sinus. Fig. 6: Facilitation of Schneiderian membrane elevation with a collagenous fleece. Fig. 7: Placement of a GC Aadva 

Standard 3.3 x 12.0 mm implant in the premolar region after the sinus graft. Fig. 8: Placement of a GC Aadva Standard 4.0 x 10.0 mm implant in the molar 

region. Fig. 9: Covering the access window with an absorbable collagenous membrane. Fig. 10: Wound closure with monofilament sutures. Fig. 11: Panoramic 

finding after six months of uneventful healing. Fig. 12: Splinted, screw-retained metal-ceramic restoration for better load transfer.

Fig. 4

Fig. 6

Fig. 8

Fig. 10

Fig. 12
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facilitate osseointegration in the respective bone com-
partments. Micro-threading in the neck area is beneficial 
for load transfer in the cortical part of the crest.

Furthermore, this implant has a conical connection 
and an internal hex as an anti-rotational feature. The two 
are commonly used by implant manufacturers to dimin-
ish the micro-movements and micro-gaps at the im-
plant-to-abutment interface. These detrimental occur-
rences can lead to bacterial colonisation with a “pumping 
effect”26, screw loosening and breakages, as well as 
abutment fractures.

Implants with conical abutment connections seal well 
and provide better abutment fit and stability.27 Zipprich 
et al. investigated the dynamics of micro-gaps and mi-
cro-movements of numerous brands and implant de-
signs.28 The results showed that the implants with pre-
cision conical connections (Ankylos and Astra Tech, 
Dentsply Sirona) performed superiorly to others and ex-
hibited no measurable micro-movements and micro-
gaps. A follow-up of that research indicated that the  
GC Aadva Standard implant also belonged to that group, 
showing no relevant micro-gap upon loading under the 
same conditions.29

Application in demanding cases

In the following cases, we will demonstrate the use of 
GC Aadva Standard implants in biomechanically unfa-
vourable conditions. 

The highest load-bearing positions are posterior re-
gions of the jaws. Posterior maxillary bone presents the 
highest risk for implant longevity. Owing to its spongious 
structure, the bone-to-implant contact in that region is 
the lowest in the mouth. Moreover, as it is prone to re-
sorptive processes on the oral side, it is also prone to 
pneumatisation from the maxillary sinus side. In our clin-
ical work, we often see maxillary sinuses reaching the 
alveolar crests, leaving little subantral bone for implant 
placement. The standard clinical approach in such cases 
is performing subantral grafts—sinus lifts. 

Case 1
An example of the solving of such a case is shown in 

Figures 3 to 12. This case reports a middle-aged woman 
who had lost her natural teeth in the lateral maxilla ow-
ing to dental caries many years before. She was a non-
smoker, performed good oral hygiene and had no his-
tory of periodontal disease or health-related issues. The 
atrophic posterior maxilla was further weakened from the  
inner side by sinus pneumatisation, which prevented 
conventional implant placement.

Therefore, we decided to perform a sinus lift by a lat-
eral-wall approach. The Schneiderian membrane was 

elevated and protected with a collagenous high-density 
fleece (PARASORB Fleece Genta HD, RESORBA) to al-
low the placement of a xenogeneic bone graft in the sub-
antral area (Figs. 3–6). Two GC Aadva Standard implants, 
one of 3.3 mm in diameter and 12.0 mm in length and 
the other of 4.0 mm in diameter and 10.0 mm in length, 
were respectively placed in the premolar and molar  
regions (Figs. 7 & 8). The access window was covered 
with an absorbable collagenous membrane (PARASORB 
RESODONT Forte, RESORBA) and the flap was su-
tured with a polyvinylidene fluoride (PVDF) monofilament  
suture (RESOPREN 6/0, RESORBA; Figs. 9 & 10).

After the uneventful integration period of six months, 
the implants were restored with a splinted, screw-re-
tained metal-ceramic restoration (Figs. 11 & 12). This was 
done to minimise the stress in both the peri-implant bone 
area and on the implants themselves, all according to the 
previously discussed biomechanical facts.

Case 2
The lateral mandible is also a region of special biome-

chanical concern. While its structure is often beneficial for 
good implant stability and bone-to-implant contact sur-
face, the anatomical landmarks and resorptive processes 
often impede conventional implant insertion. The inferior 
alveolar nerve, mental nerve and lingual notches are just 
some of the anatomical concerns. 

It is not rarely seen that extensive horizontal and ver-
tical resorption dictate augmentative procedures in this 

Fig. 13

Fig. 13: CBCT reconstruction of a deficient ridge in the lateral mandible. 

Fig. 14: Preoperative intraoral finding in the atrophic posterior mandible.

Fig. 14
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area. If the vertical bone dimension proves adequate and 
the future restorative margins lie in a favourable position 
with regard to the remaining crest, it is possible to pre-
dictably augment the bone and place the implants simul-
taneously by utilising ridge-splitting techniques. Other-
wise, the use of guided bone regeneration, cortical shells, 
block grafts and other approaches is advisable to gain 
additional bone volume.

A demonstration of this technique is shown in Figures 
13 to 20. This case presents an elderly woman who had 
lost her teeth in the lateral mandible decades ago. Being a 
healthy non-smoker with good oral hygiene, no history of 
periodontal disease and low masticatory forces, she was 
an adequate candidate for bone grafting together with im-
plant placement. The future restorative margins allowed the 
usage of ridge splitting (Figs. 13 & 14). Therefore, we opted 
for a ridge split with vertical releases carried out utilising 
a partial-thickness flap. The periosteum was left attached 
in order not to impede the perfusion of the buccal plate 
(Fig. 15). After ridge splitting, the buccal and lingual plates 
were separated with the use of bone spreaders (Split-
Control Plus, Meisinger) to allow the placement of two GC 
Aadva Standard implants, one of 3.3 mm in diameter and 
8.0 mm in length and the other measuring 4.0 mm in diam-
eter and 8.0 mm in length (Figs. 16–18).

The bone void was filled with a xenogeneic bone graft 
and covered with an absorbable collagenous membrane 
(Fig. 19). Closure was obtained by the use of a PVDF 
monofilament suture (RESOPREN 6/0; Fig. 20). Healing 
was uneventful and the final prosthodontic restoration 

was a premolar and molar splinted together for a more 
beneficial load transfer to the surrounding bone.

Conclusion

Understanding biomechanical concepts in implant 
dentistry is essential for the longevity of implants and 
their respective restorations. Patient-related factors, im-
plant and restoration design, and implant placement it-
self influence the load transfer of the future assembly. 

A quality implant selection will add to the long-term pre-
dictability of demanding procedures, as the implant-to-
abutment interface is a highly dynamic point subjected to 
repetitive stress and strain. Contemporary implant design 
incorporating advantageous material 
and design traits lowers the detrimen-
tal effects of occlusal load.
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Fig. 15: Combination of full- and partial-thickness flap elevation. Fig. 16: Mandibular ridge splitting with vertical cuts. Fig. 17: Creation of space in between 

the buccal and lingual lamina with the intact attached periosteum on the buccal. Fig. 18: Placement of two GC Aadva Standard implants with regard to the 

future restorative margins. Fig. 19: Bone defect filled with xenograft and covered with an absorbable collagenous membrane. Fig. 20: Wound closure with 

monofilament sutures.

Fig. 15

Fig. 18
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