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ABSTRACT 
Background/Objectives: To evaluate whether patients with prior implant 
loss without clinical symptoms of peri-implantitis exhibit elevated cytokine 
levels (TNF-α and IL-1β) compared to age- and gender-matched controls 
with healthy peri-implant conditions after 10 years, hypothesizing an 
association between implant loss and increased cytokine expression.  
 

Methods: Patients were selected from a long-term randomized controlled 
trial, including individuals with implant loss and controls with healthy peri-
implant tissues. Blood samples were exposed to titanium dioxide (TiO2) 
particles and analyzed for cytokine release using a macrophage stimulation 
test.  
 

Results: No significant association was observed between implant loss 
and TNF-α levels. IL-1β levels were elevated in the implant loss group 
when tested with correction for non-normally distributed data. Within the 
limitations of this study, the results align with recent studies questioning 
systemic cytokine-peri-implant health relationships while contrasting with 
findings of heightened cytokine levels in typical peri-implantitis cases.  
 

Conclusions: This preliminary study highlights variability in host immune 
responses and suggests that systemic biomarkers alone may not explain 
implant loss, particularly in non-inflammatory scenarios such as potential 
mechanical overload. Larger studies with diverse populations and integrated 
systemic and local inflammatory analyses are needed to better understand 
the underlying mechanisms of implant complications and refine diagnostic 
approaches. 
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1. Introduction 
Dental implants are a highly effective option for 
replacing missing teeth, with long-term success rates 
often exceeding 90% under strict clinical criteria(1-3). 
However, implant failure remains a clinical reality, 
with peri-implantitis being one of the most frequent 
causes(2,4). Peri-implantitis, characterized by biofilm-
induced inflammation and marginal bone resorption, 
is widely recognized as a primary driver of implant 
failure(5). Additionally, other factors such as mechanical 
overload and material properties, including the 
release of titanium dioxide (TiO2) particles, are 
increasingly implicated in peri-implant diseases(6). 
 
A recent randomized controlled trial investigating 
implants of different lengths demonstrated a tendency 
towards higher rates of implant failure among short 
implants, with failures occurring in the absence of 
typical peri-implant inflammation(6). Furthermore, 
studies have proposed that mechanical overload, 
often associated with short implants, may trigger 
bone remodeling processes that impair implant 
stability over time(6-8). This raises questions about 
the interplay between biomechanical stress, local 
inflammatory responses. As an additional potential 
factor in understanding implant failure, systemic 
and local immune sensitization to TiO₂ particles has 
been proposed as a contributor to the disintegration 
at the interface between titanium implants and 
bone (9). Given that the literature reflects this issue 
in a controversial manner, there remains a need to 
investigate possible interrelations. 
 
Accordingly, this study builds on these insights by 
analyzing cytokine responses (TNF-α and IL-1β) in 
patients with implant loss due to assumed overload 
or non-inflammatory causes, compared to matched 
controls with stable implants. By integrating systemic 
cytokine analyses with clinical observations, we aim 
to elucidate the potential mechanisms underlying 
implant failure and their diagnostic implications. It 
was the hypothesis of the present study, that patients 
with implant loss would display higher cytokine values 
upon macrophage exposure to TiO2. 

2. Materials and Methods 
In the present study, patients who lost an implant as 
part of a long-term randomized controlled clinical 
trial and corresponding control subjects from the 
same study with healthy peri-implant tissues were 
recruited(7). The control subjects were matched for 
sex and age. All implants were lost without clinical 
signs of inflammation but got lost after a linear 
disintegration at the bone-implant interface(8). 
 
Full blood samples were taken from the cephalic or 
cubital vein of these patients and sent to a specialized 
laboratory (IMD Laboratory, Berlin, Germany) and 
stored at 7° until the courier collected the samples. 
Delivery took place within 24 hours overnight by a 
special courier in a refrigerated supply chain.  
 
In the laboratory, blood samples were exposed to 
TiO2 particles in a standardized macrophage 
stimulation test. The levels of expressed TNF-α and 
IL-1ß released from macrophages of the individual 
patient were determined with enzyme-linked 
immunosorbent assays (ELISA). Levels of the pro-
inflammtory cytokine TNF-alpha and interleukin-1ß 
were measured. 
 
The datasets were tested for normal distribution 
using the Kolmogorov-Smirnov and the Shapiro-
Wilk test. In the case of an asymmetric distribution, 
inter-group differences were tested for significance 
using the Mann-Whitney U test. The level of 
significance was set at 0.05.  
 

3. Results 
For both, the levels of TNF-α and IL-1ß, the Mann-
Whitney U test found no intergroup difference 
(p=0.693 and 0,876, respectively). Levels for TNF-α 
and IL-1ß are given in Fig. 1. 
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Table 1 shows the patient characteristics of the included patients and their respective cytokine concentrations 
in the blood.  

 
 
 
 
 
 
 
 

Figure 1. Levels of stimulated TNF-α (a) and IL-1ß (b) in patients with and without implant loss. 
 
4. Discussion 
This preliminary study evaluated whether patients 
with implant loss exhibited higher cytokine levels 
compared to those with stable implants after 10 years, 
reflecting peri-implant stability. No association was 
found between implant loss and TNF-α levels. While 
a tendency towards higher IL-1ß expression was 
observed in patients with implant loss using certain 
statistical tests, this difference was not significant 
when tested without correction. These results actually 
align with recent findings that challenge the link 
between systemic cytokine profiles and peri-implant 
health(10), but contrast with other studies demonstrating 
heightened inflammatory cytokine levels in peri-
implantitis cases(11). This may reflect distinct 

pathophysiological and individual response profile, 
which may range from classical infection infestations 
to or more aseptic conditions, for example due to 
mechanical overload.  
 

Of course, a notable limitation of evaluation is the 
very small sample size, which considerably limits 
the statistical power, rendering the postulates for 
normal distribution generally very unlikely(12). Thus, 
a stricter test for non-parametric data distribution 
was mandatory, and the hypothesis had to be 
rejected.  
 

In addition, additional local clinical and immunological 
peri-implant tissue analyses are lacking, which could 
have provided more detailed insights into a potential 

Age Sex Group TNF-α IL-1ß 
89 0 1 226.0 292.0 
84 1 1 82.4 24.5 
54 1 1 11.6 3.0 
69 1 1 201.0 374.0 
77 1 1 36.6 8.5 
59 1 0 15.1 3.0 
83 1 0 58.0 17.7 
49 0 0 48.8 28.3 
68 1 0 85.5 9.0 
78 1 0 48.4 85.5 
71 0 0 13.3 3.0 
84 0 0 154.0 487.0 
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inflammatory response at the implant site and 
respective aetiopathological conditions. 
 

A key strength is the origin from a well-controlled 
and meticulously maintained long-term cohort. 
However, this strength may also introduce a potential 
bias, as the study population represents a highly 
compliant group with regular follow-ups, which 
might not fully reflect the broader population with 
implant complications. Additionally, a considerable 
part of the study participants had a history of 
periodontitis, even if periodontal stability was one 
of the inclusion criteria. 
 

Peri-implantitis is  very similar to periodontitis  a 
multifactorial disease. With an immunologic response 
triggered by the presence of biofilms on non-
shedding intra-oral surfaces, many risk factors are 
already known (uncontrolled diabetes, cigarette 
smoking and insufficient oral hygiene)(13,14) and others 
still under discussion, that might contribute to the 
chronic deterioration of the bone-to-implant interface. 
The present results do not indicate, however, that 
inter-individually different differences in the expression 
of the cytokines tnf-a and il-1ß are associated with 
implant failure over the considerable time period 
of 10y.  
 

Despite these important limitations, our findings 
underscore the need for a nuanced approach when 
interpreting systemic biomarkers in the context of 
failing and ailing implants. Future studies warrant a 
more specific and elaborated focus on refining 
diagnostic assays, incorporating larger cohorts, and 
exploring the interplay between systemic cytokine 
responses and local inflammatory pathways.  
 

5. Conclusions 
Our data offer preliminary insights in the complexity 
of evaluating cytokine markers in implant loss. 
Larger-scale studies with diverse populations and 
standardized assays are essential to better 
understand the potential link between cytokine 
levels and implant loss. 
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