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Does traumatic occlusal forces 
lead to peri-implant bone loss? 
A systematic review

Abstract: Observational studies have indicated that crestal bone 
level changes at implants are typically associated with clinical signs 
of inflammation, but still mechanical overload has been described 
as possible factor leading to hard–tissue deficiencies at implant sites 
without mucosal inflammation. The aim of this paper was systematically 
review the literature regarding the possible effect of traumatic occlusal 
forces on the peri-implant bone levels. Literature search was conducted 
using PubMed, Scielo and Lilacs, including the following terms: oral OR 
dental AND implant$ AND (load OR overload OR excessive load OR 
force$ OR bruxism) AND (bone loss OR bone resorption OR implant 
failure$). Databases were searched for the past 10 years of publications, 
including: clinical human studies, either randomized or not, cohort 
studies, case control studies, case series and animal research. Exclusion 
criteria were review articles, guidelines and in vitro and in silico (finite 
element analysis) research, as well as retrospective studies. The PICO 
questions formulated was: “does traumatic occlusal forces lead to 
peri-implant bone loss?”  The database searches as well as additional 
hand searching, resulted in 807 potentially relevant titles. After 
inclusion/exclusion criteria assessment 2 clinical and 4 animal studies 
were considered relevant to the topic. The included animal studies 
did not reveal an association between overload and peri-implant bone 
loss when lower overloads were applied, whereas in the presence of 
excessive overload it seemed to generate peri-implant bone loss, even in 
the absence of inflammation. The effect of traumatic occlusal forces in 
peri-implant bone loss is poorly reported and provides little evidence 
to support a cause-and-effect relationship in humans, considering the 
strength of a clinically relevant traumatic occlusal force. 

Keywords: Bone Resorption; Alveolar Bone Loss; Peri-Implantitis.

Introduction

Disagreement about the relationship between ‘traumatic occlusal 
force’ and the progression of periodontal disease has been a topic of 
study since the 1960’s, when the first mechanisms were proposed to 
understand and explain the inflammatory response associated to trauma 
as a co-destructive factor in chronic periodontal disease.1 At that time, 
classic animal studies by Lindhe and colleagues, using beagle dogs, 
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showed that when proper oral hygiene regimen 
was followed in periodontal treated areas with the 
presence of traumatic occlusal forces, the healing 
process occurred even during trauma, suggesting 
that microbial biofilm was the main causative factor 
for periodontal disease in teeth and trauma from 
occlusion was only a co-destructive factor.2

Years later monkey studies by Polson et al.,3 showed 
no significant reduction for periodontal attachment 
loss when in the presence of occlusal trauma and 
periodontal disease, interestingly though the removal 
of trauma without periodontal treatment did not lead 
to disease resolution or bone regeneration. Much later, 
the effect of occlusal discrepancies was a recurrent 
topic in periodontal scientific community, Harrel and 
colleagues investigated in a retrospective clinical 
study, the relationship of occlusal adjustment in the 
progression of periodontal disease in 89 patients, again 
stating that untreated occlusal trauma is a catalyst 
for progression of periodontal disease.4

Historically classified as ‘occlusal overloading’, 
in order to indicate that these forces surpass the 
adaptive capacity of the oral tissues, this term was 
recently reviewed as ‘traumatic occlusal force’ by the 
Consensus report on the Classification of Periodontal 
and Peri-implant Diseases and Conditions, published 
in 2018.5 This new term now refers to any occlusal 
force that will lead to teeth or periodontal tissues 
damage, clinically presented as fremitus, tooth 
mobility, occlusal discrepancies, wear facets, tooth 
migration, tooth fracture, and  discomfort/pain on 
chewing; radiographically presented, in teeth, as 
widened periodontal ligament space, root resorption, 
cemental tera and hypercementosis. Currently there 
is no evidence that traumatic occlusal forces alone 
lead to periodontal attachment loss or gingival 
recession, however it is accepted that traumatic 
occlusal forces lead to adaptive mobility in teeth 
with normal support by thickening the periodontal 
ligament space, and in teeth with reduced support 
associated to previous periodontitis, these forces 
can lead to progressive mobility.5

Interest on this theme has been recently renewed 
with the increase of implant dentistry and with that, 
the Peri-implant mucositis and the Peri-implantitis. 
Thus, the question was raised again: Does “traumatic 

occlusal forces” can lead to peri-implantitis or peri 
implant bone loss?

To answer this question, it is important to 
understand that currently, according to the American 
Academy of Periodontology and European Federation 
of Periodontology on their 2018 Consensus report,6 
Peri-implantitis is defined as a biofilm-associated 
pathological condition taking place in tissues 
that surround dental implants, characterized by 
inflammation in the peri-implant mucosa and 
subsequent progressive loss of supporting bone. 
Clinically, biofilm-associated peri-implantitis sites 
exhibit signs of inflammation (redness, swelling, 
bleeding within 30 seconds following probing) 
and/or suppuration, increased probing depths 
and/or recession of the mucosal margin in addition 
to radiographic bone loss, leading to loss of hard and 
soft tissue at implant sites. The differential diagnosis 
between peri-implant mucositis and peri-implantitis 
is related to the alveolar bone loss after the end of 
bone remodeling process (normally between 0.5 
and 2 mm) and requires a radiographic evaluation 
comparing with the baseline after initial healing.7

Possible hypothetical mechanisms of why 
traumatic occlusal forces can lead to peri-implant 
bone loss are related to the lack of a periodontal 
ligament on implants, making them less tolerable to 
non-axial occlusal loads compared to teeth.8 Finite 
element analysis suggested that the occlusal loads 
are concentrated at the implant marginal bone9 
and excessive stress can lead to bone resorption 
depending on bone ‘quality’.10 Also, the microdamage 
theory states that traumatic occlusal forces have been 
correlated to bone microfractures and consequently 
resorption during healing process leading to eventual 
bone loss, as microdamage accumulates it leads to 
fracture failures.11

Recently, researchers12 evaluated seven clinical 
human studies with a minimum of ten implants and 
their conclusion suggested that occlusal overload 
was associated with peri-implant marginal bone 
loss, however, poor oral hygiene was still the key 
causative factor. Thus, the sole role of traumatic 
occlusal forces on peri-implant bone loss requires 
further investigation with reduced bias effect of 
bacterial infection.
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The potential influence of lateral static load13 and 
traumatic occlusal force14 on peri-implantitis has 
been addressed in animal studies, with increased 
or decreased of bacterial biofilms. In the study by 
Gotfredsen et al.,13 implants with mucositis and 
experimental peri-implantitis were exposed to a 
lateral static load by means of expansion screws (the 
expansion screws in both sides were activated to a 
distance amounting to 0.6 mm, resulting in a force 
of 2.6 kg). Their results showed that there was no 
difference in terms of bone level changes between 
loaded and unloaded implants and lateral load did 
not induce bone loss at mucositis sites. These findings 
were later supported by Heitz-Mayfield et al.,14 using 
a dog model with crowns on supra-occlusion contact 
pattern of at least 3 mm and oblique occlusal planes 
to ensure premature contacts with opposing teeth in 
order to create an occlusal load that was expected to 
exceed that of the normal physiologic range. Results 
showed that at implant sites with plaque control there 
was no increase in probing depth or bleeding on 
probing, when compared to unload (i.e., no crowns) 
control implants at 8 months.

Recently, Ferrari et al.15 used sandblasted acid-
etched surfaces implants in dogs, using orthodontic 
expansion devices attached to abutments, then 
promoting lateral static load (the expansion screw 
was opened 4.5 mm, resulting in a force of 20 kg). The 
results were compared with normal load (control) 
and with submerged unloaded implants. Aiming to 
reduce presence of bacterial biofilm, chlorhexidine 
0.12% cleaning was performed daily for four months 
before analysis. Results showed that 5 implants (out 
of 6) from test group were lost. Radiographically, 
there was a marginal bone loss of 3.68 mm for the 
test group, 1.63mm for the control group and 0.45 
mm for the unloaded group. Interestingly, the 
percentage of bone-to-implant contact was 35.52%, 
for the test group, 63.16% for the control group and 
42.33% for the unloaded group, showing an increase 
of contact when loads are applied, but a decrease 
if lateral excessive static load is applied. These 
results suggest that excessive stress can lead to bone 
resorption, whereas magnitudes below the threshold 
stress can result in bone apposition, however the 
clinically responsible parameters for the pathway 

of overload of already integrated implants have not 
been identified yet.16

Piccinini et al.,17 reported different biologic 
responses for bone’s thresholds and ultimate strength 
- microstrain (µε), here also showed in stress (MPa) 
and unit-load (kg/mm2), related to bone homeostasis 
(1,000–1,500 µε, 20 MPa or 2 kg/mm2), physiologic 
overload (1,500–3,000 µε, 60 MPa or 6 kg/mm2) 
and pathologic overload (3,000–6,000 µε, 120 MPa, 
or 12 kg/mm2) that leads to bone damage and 
absorption, these values could explain the results 
obtained by Gotfredsen et al.13, and by Ferrari et al.15 
on lateral static load dog studies showing bone 
homeostasis and bone loss, respectively.

To the author’s knowledge the topic of Peri-
implantitis due to traumatic occlusal forces remains 
poorly reported in humans and provides little unbiased 
evidence to support a cause-and-effect relationship, 
due to difficulties in experimental designs to reduce 
the effect of bacterial infection and to standardize the 
“traumatic occlusal force” itself, since differences in 
the magnitude, duration, direction, and frequency 
of the applied occlusal load will most likely result in 
different outcomes. Moreover, the tolerance threshold 
of the host bone (animal versus human) is an important 
factor that can lead to conflicting results. Thus, the aim 
of this paper is to revise the literature with respect 
to the effect of traumatic occlusal forces leading 
to bone loss in clinically well-integrated implants, 
excluding when possible, the biofilm influence and 
focusing on peri implant bone loss due to traumatic 
occlusal forces alone.

Methodology

This study followed the PRISMA Statement 
guidelines.18 

PICO question
A well-structured question in the PICO format was 

formulated to direct the literature searching where 
PICO stand for: P: stable implants (either immediate 
load or late load), I: overloaded implants, C: control 
implants and O: marginal bone loss. The PICO question 
was structured as follows: “does traumatic occlusal 
forces lead to peri-implant bone loss?”

3Braz. Oral Res. 2019;33(suppl):e069



Does traumatic occlusal forces lead to peri-implant bone loss? A systematic review

Search strategies
For this review, a literature search was conducted 

using PubMed, Scielo and Lilacs. A search strategy 
for the database was performed to find studies that 
matched the following terms: oral OR dental AND 
implant$ AND (load OR overload OR excessive 
load OR force$ OR bruxism) AND (bone loss OR 
bone resorption OR implant failure$). Databases 
were searched without language boundaries 
using the above-mentioned MeSH terms, with the 
help of Boolean operators (OR, AND) in order to 
combine searches.

Manual searches based on reference lists of main 
papers related to this review and bibliographic section 
of papers found on the first search were also assessed. 
Additional search using bruxism AND implants was 
also done on the same databases.

Moreover,  on l i ne  dat aba ses  prov id i ng 
information about clinical trials in progress were 
checked (clinicaltrials.gov; www.centerwatch.com/
clinicaltrials; www.clinicalconnection.com). 

Inclusion and exclusion criteria
Databases were searched for the past 10 years 

of publications, including: clinical human studies, 
either randomized or not, cohort studies, case 
control studies, case series and animal research, 
correlation peri-implant bone loss over time with 
maximum bite force or in bruxism patients, as 
well as in overloaded osseointegrated implants 
in animal models.

Exclusion criteria were review articles, guidelines 
and in vitro and in silico (finite element analysis) 
research, as well as retrospective association studies 
due to the inability to isolate biofilm as the cause for 
peri-implant bone loss.

Study selection
The titles and abstracts of all reports identified 

through the elect ronic searches were read 
independently by 2 authors. For studies appearing 
to meet the inclusion criteria or for which there were 
insufficient data in the title and abstract to make a clear 
decision, the full report was obtained. Disagreements 
were resolved by discussion between the authors and 
finally articles that presented indicators that matched 
our interest were then downloaded for full review 
and potential inclusion in the study. 

Results

Literature search
The study selection process is summarized in 

Figure. The search strategy resulted in 1,304 papers, 
which were cut down to 807, when the 10-year 
publication date criteria was applied (Table 1). When 
the combinations of terms used in the literature 
search of different databases resulted in duplicates, 
they were not accounted as extra papers. Forty-eight 
extra papers were included after manual search 
considering bruxism and implants as mesh terms.

Table 2 shows the relevant results, sorted by study 
design and split into clinical and/or animal studies 
that were selected for initial screening of titles and 
abstracts, resulting in 41 papers after exclusion of 
766 papers unrelated to traumatic occlusal forces 
and peri-implant bone loss.

The full text reports of the remaining 41 papers 
led to immediate the exclusion of 7 review and in 
silico studies and 19 human retrospective studies. 
Additional 9 papers, after full text analysis did not 
meet the inclusion criteria and were also excluded 
(Figure), leading to final 6 papers for analysis.

Table 1. Potentially relevant titles from the four database searches.

Database Potentially relevant results Potentially relevant results iIn the last 10 years)

PubMed 1,214 727

Lilacs 33 29

Scielo 3 3

Hand search (avoiding duplicated papers)
45 (bruxism AND implants)/ 9 (reference list 

of review papers)
45 (bruxism AND implants) 3 (reference list 

of review papers)

Total 1,304 807
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Description of the studies
Table 3 shows study characteristics of the clinical 

study that had to be excluded. This paper by Thymi et 
al.19 was first included in the search as a prospective 
cohort study evaluating bruxism and peri implant 
complications, however the authors still have no 
data published, which made us remove this paper 
from the current discussion. However, it seems to 
be a well-designed double-blind, prospective cohort 
study with a follow-up time of 2 years. The results of 
this prospective cohort study can provide important 
information regarding dental implant treatments in 
bruxing patients. Furthermore, it can generate evidence 
related to the behavior of dental implants under high 
mechanical loadings associated to bruxism activity.

Table 4 shows study characteristics of the animal 
studies included for the review. Podaropoulos et al.,20 
evaluate histologically and histomorphometrically, the 
peri-implant bone reaction around implants subjected 
to controlled progressive orthodontic loading.  Their 
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# of records 
identified through 
databse searching

759

# of records 
identified through 

hand searching
48

# of records 
screened

807

# of records
Exclude by title and/or abstract

766 - unrelated to traumatic occlusal 
forces and peri-implant bone loss

# of full-text articles
Assessed for eligibility

41

# of full-text articles excluded
7 – reviews and in silico studies

19 – retrospective studies
1 – ridge resorption on overdenture 

1 tibial bone, not oral cavity
5 – did not evaluate bone loss

2 – early implants before osseointegration

# of studies included in qualitative synthesis
n = 2 (humans) +  4 (animals) = 6

Figure. Flow chart of screened, withdrawn and included articles through the review process. 

Table 2. Relevant results, sorted by study design and split into 
clinical and/or animal studies.

PubMed, Lilacs, SciELO Databases + 
Hand searching

Relevant results

Clinical

Randomized control trial 1 consort

Controlled clinical trial 0

Crossover study 0

Cohort study (P – prospective or  
R – retrospective)

P (4) and R (19) strobe 
guide lines

Case-control studies 0

Case series/report 1

Finite element analysis 2

Reviews 5

Subtotal 32

Animal 9

Total 41
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Table 3. Study characteristics of the clinical studies excluded.

Study Year Method
Patients/Implants/ 
loading method/ 
follow up time

Type of intervention Outcome Reason for exclusion

Thymi et al.19 2017

Single-center, 
double-blind, 
prospective 
cohort study

98 patients with sleep 
bruxism/ implant 
supported fixed 

prosthesis/ 2 years 
follow up

One or more implants 
for replacement of one 

or more lost teeth

Biological 
complications (i.e., 

related to peri-implant 
bleeding, probing 
depth, marginal 

bone height, quality 
of submucosal 

biofilm and loss of 
osseointegration)

The study is currently 
ongoing, and data 
are being gathered.

Table 4. Study characteristics and quality assessment of the animal studies included for the review.

Study Year Method
Animals/Implants/ 
loading method/
follow up time

Type of intervention  
and load

Microbial control Outcome

Ferrari et al.,15 2015
Dog 
study

7 mongrel dogs, 
42 implants; 20 kgs 

load immediately 
implant placement, 

4 months 
evaluation period.

2 control groups: (1) 
None device was used. 
(2) Orthodontic device, 
no loading activation; 

(3)- experimental group: 
orthodontic device 
(4.5mm of lateral 

expansion) device. No 
occlusal interference was 

carried out. Bone-to-
implant contact (BIC) and 

radiographic analysis.

During the 
healing 

period. 0.12% 
chlorhexidine 

daily.

The experimental group 
showed lower BIC (35.52%) 
than controls. No difference 

between controls (none device 
42.33%; device without 
activation 63.18%). Test 

groups showed radiographic 
bone loss (3.68 mm) almost 

three times higher than 
control group (1.63mm); 

unloaded group (0.45mm).

Podaropoulos et al.20 2016
Dog 
study

3 Beagle dogs, 
24 implants; 

progressive loading 
started 8 weeks  

after implant 
placement (100, 
200, 300g) vs. 

unloading,  
9 weeks.

progressive loading 
(orthodontic device). 

Bone-to-implant contact, 
bone density measured 1 
and 2mm distant of the 

implant.

The abutments 
were brushed 

three times per 
week (0.2% 

chlorhexidine 
digluconate 
solution).

Progressive loading showed 
higher bone-to-implant 
contact than unloaded. 
No difference of 1 and 
2mm distant of implants 
for both groups. Crestal 

bone resorption was similar 
between groups.

Nagasawa et al.21 2013
Rat 

study

40 rats received  
4 implants each. 

After 2 weeks 
(early) or 4 weeks 

(late load) implants 
were loaded. 

Follow up after 5, 
10 and 15 days.

Test group received 
abutments with distal 

cantilevers designed to 
overload and control 

group implants did not 
receive abutments.

None

Focused on early placed 
implants, which are not fully 
integrated. After 15 days of 

overload, all 2 week implants 
were loss and 4 week 

implants showed areas of 
bone resorption

Miyamoto et al.22 2008
Dog 
study

12 male beagles, 
received 6 implants 

each, implants 
loaded 12 weeks 

after implant 
placement  

(12 weeks follow 
up load ) or 20 

weeks after implant 
placement (4-weeks 

follow up load)

Each distal implant 
received a cantilever 

structure to the mesial, 
which was forced down 
by a controlled static 

overload by using a 250 
µm movement on a screw 
over a platform, retained 

on both remaining 
implants

Soft tissue and 
residual teeth 

were brushed 3 
times a week

Marginal bone loss was 
significantly greater in the 

12-week (2.55 mm) loaded 
implants when compared to 
4-week loaded (1.48 mm) 
and unloaded (1.10 mm) 

implants

6 Braz. Oral Res. 2019;33(suppl):e069
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model used beagle dogs that received implants in 
posterior mandible. Loading was done after 8 weeks of 
healing, using abutments connected by pairs with Ni-Ti 
orthodontic springs by which a gradual static force 
of 100, 200 and 300 g was applied for a 3-week period 
each, resulting in a total progressive loading period 
of 9 weeks. Unloaded control implants were used 
as comparison. Implants of the progressive loading 
group exhibited significantly higher percentage of 
bone-to-implant contact compared to the unloaded 
control implants. Crestal bone resorption did not 
differ between loaded and unloaded implants.

On the other hand, Ferrari et al.,15 showed the effect 
of lateral static load on posterior implants placed on 
mongrel dogs.  Loading was done immediately after 
implants with an orthodontic expansion device that 
promoted lateral excessive static load (test group). 
Normal load (control) submerged implants (unloaded 
group) were used for comparison. Devices were 
cleaned daily with chlorhexidine 0.12%, during the 
4 months of study. Five implants from test group 
were lost in 3 dogs. Radiographically, there was a 
marginal bone loss of 3.68 mm for the test group, 1.63 
for the control group and 0.45 mm for the unloaded 
group. Author’s concluded that the excessive lateral 
static load negatively affected the behavior of peri-
implant bone around immediate restored implants.

Corroborating these results Nagasawa et al.,21 
histologically assessed degenerative changes under 
early and excessive occlusal loading. They used 
a rat model in which machined surface implants 
were placed in posterior mandible. Loading was 
done after 2 or 4 weeks and control implants 
remained unloaded. Specimens showed remarkable 

bone loss and deterioration of osseointegration 
when overloading began at 2 weeks. Overloading 
applied after 4 weeks of healing induced active 
bone resorption. This model revealed degenerative 
changes in osseointegration and/or in the bone 
around implants upon excessive occlusal loading, 
emphasizing the risks associated with immediate 
loading and overloading. No microbiological control 
was done in this study to avoid bacterial plaque 
accumulation around implants.

Regarding late implant loading studies, 
Miyamoto et al.,22 aimed to investigate bony changes 
around selectively overloaded implants in dogs after 
12 and 20 weeks following implant placement. Each 
dog received 3 implants and each distal implant 
received a cantilever-type superstructure extending 
in a mesial direction so as to be able to receive a 
controlled overload coming from the mesial and central 
implants superstructures. The force was induced 
by a controlled static 250 µm screw fixed on mesial 
and central implants, exerting an apical force on the 
mesial cantilever of distal implant. After 24 weeks, 
tissue specimens including implants were evaluated 
histologically and histomorphometrically. Marginal 
bone loss was significantly greater in the 12-week-load 
group than in the 4-week-load group. These findings 
demonstrate that static overload-induced forces can 
elicit changes in peri-implant bone in experimental 
animals. However, it is important to highlight 
that no oral hygiene procedure was performed 
on these animals.

Table 5 shows the only human study included 
in this review. Jofré et al, 2010 aimed to evaluate 
the effect of maximum physiological bite force on 

Table 5. Study characteristics and quality assessment of the human studies included for the review.

Study Year Method
Patients/Implants/ 
loading method/ 
follow up time

Type of intervention 
and load

Microbial control Outcome

Jofre et al.23 2010
Randomized 
controlled 

clinical trial

45 edentulous patients 
received 2 implants 

each, on mandibular 
anterior area. Follow 
up was 5, 7, 10 and 

15 months

23 patients received 
bar overdentures and 
22 ball attachment 

overdentures. Marginal 
bone loss was verified 
by standardized x-rays 

and maximum bite 
force was recorded.

All patients received 
post-operative 
implant care 
instructions.

Marginal bone loss 
around implants was not 
related to the maximal 
bite force in patients 
wearing overdentures 
retained by bar or ball 

attachment system
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marginal bone loss around implants in edentulous 
patients wearing mandibular overdentures with ball 
and bar retention systems.23 A single randomization 
was performed to allocate the patients in two groups 
and the maximum bite force was recorded to be 
associated with marginal bone loss using standardized 
radiographs at the baseline and 5, 7, 10, and 15 
months after surgery. No relationship was found 
between maximum bite force and marginal bone 
loss for patients wearing overdentures using bar or 
ball attachment systems. Even though authors call it 
maximum bite force, the measurement was with full 
dentures, which can underestimate the maximum 
bite force of a fully dentated patient in parafunctional 
habit such as bruxism.

Discussion

In the past decade, investigators have studied the 
role of occlusal overload in osseointegrated implants in 
animal15,20,21,22 and human studies23 with contradictory 
findings. These inconsistent results might be due to the 
different methodologies used to apply forces, that can 
be occlusal or lateral static forces with many variations 
for load, duration, healing time before loading and 
the biofilm control method. Unfortunately, in the 
last 10 years of published papers the PICO question 
remains unanswered: “does traumatic occlusal forces 
lead to peri-implant bone loss?”

Our search on clinical studies focusing on the 
potential effect of overload on peri-implant bone 
loss resulted in only 1 randomized controlled 
clinical trial.23 Even though this is a high higher 
hierarchical study design the load magnitude was 
defined at the prosthesis level, in fully edentulous 
patients which could hardly represent the same 
overload as a fully dentated patient, defined by an 
occlusal force that will lead to teeth or periodontal 
tissues damage. Therefore, the lack of reliable clinical 
and scientific evidence concerning the influence of 
traumatic occlusal forces in dental implants may be 
related to the difficulty in precisely quantifying the 
magnitude and direction of forces in clinical studies, 
as well as how to standardize the forces and define 
what is considered “traumatic occlusal forces” and 
how to evaluate those in the clinical studies, since 

the opportunity to test such an intentional and 
standardized “traumatic occlusal force” in humans 
remains inappropriate and unethical.

Animal models, however, has this potential and 
several methodologies with external loading devices, 
such as the ones mentioned above have been used 
in order to stablish well-controlled and well-defined 
loads in order to explore the peri-implant bone loss to 
mechanical loads. Nevertheless, it is still impossible 
to measure the exact strains the peri-implant tissues 
are exposed to and correlate this with the human 
responses. From the above-mentioned papers it 
seems that different forces, e.g., 300 grams20 versus 
20 kg15 will generate opposite results, such as higher 
bone-to-implant contact than unloaded implants 
versus radiographic bone loss almost three times 
higher than unloaded control implants. These results 
could be explained by the healing/ adaptation 
theory, proposed by Chvartsaid et al.24 to explain 
peri-implant bone loss. They claim that marginal 
bone loss and implant failure depend on similar 
mechanisms, with the magnitude of the trauma 
determining whether an implant may fail or/and will 
result in marginal bone loss. The healing/adaptation 
theory sees adverse loading or peri-implantitis to 
be, at best, part of the problem behind marginal 
bone loss.

However, it is important to highlight that 
mechanical overload can be categorized into two 
different entities: loading forces preventing the 
implant to osseointegrate during the healing 
phase, and loading forces destroying a previously 
established osseointegration. Among our animal 
studies, some evaluate overload immediately after 
implant placement,15 2 to 4 weeks after implant 
placement,21 8 weeks after implant placement20 and 
12 weeks after implant placement (12 weeks follow up 
load ) or 20 weeks after implant placement (4-weeks 
follow up load),22, therefore a comparison among the 
studies is unlikely. The absence of micromotion is 
not a prerequisite for successful osseointegration. 
It has been shown that during the phase of bone 
integration of an implant micromotions of less than 
50 μm to 150 μm are still amendable to successful 
bone integration.25 Considering these values, it was 
expected to see bone loss on Miyamoto et al, in which 
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each distal implant received a cantilever structure to 
the mesial, which was forced down by a controlled 
static overload by using a 250 µm movement on a 
screw over a platform, retained on both remaining 
implants.22 However it is important to highlight that 
there was no bacterial plaque prevention/removal 
around implants on this study, which, even though 
bacterial rat microbiome is different than human, it 
could have some influence in the outcome of bone loss.

Also, it has been reported in the literature 
that excessive strain can lead to bone resorption, 
whereas magnitudes below this strain result in 
bone apposition, which would be in agreement 
with Podaropoulos et al.,20 which used 300 grams 
and Ferrari et al.,15 which used 20 kg. However, the 
clinically responsible parameters for the pathway 
of overload of already integrated implants have not 
been identified thus far.26 

According to Wennerberg and Albrektsson28 if 
ongoing marginal bone loss does occur, implant micro 
movements may succeed and that will be associated 
to secondary peri-implantitis. This secondary 
problem may, of course, need clinical treatment. 
This theory is much more generally applicable to the 
true clinical situation than are hypotheses of isolated 
peri-implantitis or overloading. A number of additional 
factors have been associated with periimplantitis in 
case reports, finite-element analyses or pre-clinical 
research (e.g. bone compression necrosis, over-heating, 
micromotion, and biocorrosion). The importance of 
such factors should be evaluated in future research.

It seems that the evidence for overload of 
osseointegrated implants leading to hard and/or 
soft tissue defects is very scarce.16 Our review found 
that there is a complete lack of well-structured studies 
testing overload in a clinical environment and more 
precise parameters should be stablished to allow 
comparison among different human or animal studies.

To the author’s knowledge there is evidence 
from observational studies that patients exhibiting 
poor plaque control and not attending regular 
maintenance therapy are at higher risk of developing 
peri-implantitis, but overload alone, as cause for bone 
loss in humans remains unclear. Studies on treatment 
of peri-implantitis reveal that anti-infective treatment 
strategies are successful in decreasing soft tissue 

inflammation and in suppressing disease progression.6 
Moreover evidence from a 10-year prospective study 
suggests that progressive crestal bone loss around 
implants in the absence of clinical signs of soft tissue 
inflammation is a rare event.28

Regarding risk factors for peri-implantitis, there 
is some limited evidence in the literature linking 
peri-implantitis to factors such as post-restorative 
presence of submucosal cement and positioning of 
implants that does not facilitate oral hygiene and 
maintenance and the role of peri-implant keratinized 
mucosa, occlusal overload, titanium particles, bone 
compression necrosis, overheating, micromotion and 
biocorrosion as risk indicators for peri-implantitis 
remains to be determined.6

This systematic review was restricted to studies 
published in English which may have introduced 
language bias. However, given that the studies 
considered in this review emanate from many 
countries where English is not the first language, we 
may not have missed too many significant reports. 
Furthermore, hand searching of popular implant 
journals may have identified additional studies for 
this review.

Conclusion

Clinical and animal models of treatment 
interventions of oral implants designed to study 
overload and published from 2008 to 2018 are nearly 
lacking. Based on the animal models reported here, 
current literature suggests that there might be 
an association between occlusal overloading and 
peri-implant bone loss when pathologic overload 
is applied prior osseointegration (> 12 kg/mm2) 
leading to bone damage and absorption, in the 
absence of inflammation. However, when bone 
homeostasis loads (< 2 kg/mm2) are applied after 
osseointegration, that leads to higher bone-to-implant 
contact and no crestal bone resorption, in the absence 
of inflammation. These data should be interpreted 
with caution, as they come from dog models and 
they highlight the need for human evidence on this 
topic, since results are still controversial. The effect 
of traumatic forces in peri-implant bone loss is poorly 
reported and provides limited evidence to support a 
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cause-and-effect relationship in humans considering 
the strength of a clinically relevant traumatic occlusal 
force. There is a high priority to conduct studies that 

are designed to develop diagnostic, preventive, and 
intervention strategies for the management of these 
peri-implant issues.
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