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ABSTRACT
Background  The diagnosis of peri-implantar and periodontal relies mainly on a set of clinical measures and the 
evaluation of radiographic images. However, these clinical settings alone are not sufficient to determine, much less 
predict, periimplant bone loss or future implant failure. Early diagnosis of periimplant diseases and its rate of progress 
may be possible through biomarkers assessment. Once identified, biomarkers of peri-implant and periodontal tissue 
destruction may alert the clinicians before clinical signs show up. Therefore, it is important to consider developing 
chair-side diagnostic tests with specificity for a particular biomarker, indicating the current activity of the disease.

Methods  A search strategy was created at Pubmed and Web of Science to answer the question: “How the molecular 
point-of-care tests currently available can help in the early detection of peri-implant diseases and throws light on 
improvements in point of care diagnostics devices?”

Results  The PerioSafe® PRO DRS (dentognostics GmbH, Jena) and ImplantSafe® DR (dentognostics GmbH, Jena 
ORALyzer® test kits, already used clinically, can be a helpful adjunct tool in enhancing the diagnosis and prognosis 
of periodontal/peri-implantar diseases. With the advances of sensor technology, the biosensors can perform daily 
monitoring of dental implants or periodontal diseases, making contributions to personal healthcare and improve the 
current status quo of health management and human health.

Conclusions  Based on the findings, more emphasis is given to the role of biomarkers in diagnosing and monitoring 
periodontal and peri-implant diseases. By combining these strategies with traditional protocols, professionals could 
increase the accuracy of early detection of peri-implant and periodontal diseases, predicting disease progression, and 
monitoring of treatment outcomes.
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Background
Periodontitis is an inflammatory oral disease clinically 
characterized by pathological deepening of the gingival 
sulcus, loss of attachment, and formation of periodontal 
pockets with supportive alveolar bone resorption [1]. The 
beginning and development of this disease is a result of 
an interaction between pathogenic bacteria in the sub-
gingival dental biofilme and the host response. In general, 
periodontal tissue damage is gradual, characterized by 
periods of active and remission disease without clearly 
alarming symptoms. In cases of neglect, permanent peri-
odontal damage may occur. Although, it is well estab-
lished that periodontal and periimplantar inflammation 
is associated with the presence of certain bacteria [2]. 
Additional factors and clinical confounders have been 
identified specially smoking, previous periodontal dis-
ease, poor oral hygiene, and residual excess cement have 
all been associated with peri-implant diseases [3]. Recent 
studies have also focused on the prosthetic features such 
restoration emergence profile and angle, showing that 
over-contoured restorations have higher risk of develop-
ing periimplantitis [4].

Early diagnosis of gingivitis or mucositis is an effec-
tive way to reduce the risk of developing periodontitis 
or peri-implantitis, respectively [5, 6]. The diagnosis of 
peri-implantar and periodontal diseases is mainly based 
on an array of clinical measurements and pocket prob-
ing depths, bleeding on probing and assessment of radio-
graphic images. These clinical parameters alone are not 
enough to determine active peri-implant disease, future 
crestal bone loss, or future implant failure. Additional 
information based on medical records is also essential, 
but it does not provide information to the current state 
of disease activity, nor do identify the individuals who 
are susceptible to future disease progression [7–9]. These 
conventional diagnostic protocols require several manual 
recordings, professional examiners with trained exper-
tise, and the clinical data refers only to established dis-
ease states, not being able to predict before clinical signs 
set in [10].

Recently, a consensus from the European Federation 
of Periodontology (EFP) and the American Academy of 
Periodontology (AAP) proposed a new classification of 
periodontal diseases that consider the disease severity, 
extent and progression by applying a staging and grading 
system [11]. One of the goals of this new classification is 
to develop methods for accurate diagnosis and predicting 
the prognosis of peri-implant disease [12]. Therefore, this 
new classification scheme was designed to allow incorpo-
ration of changes in line with future developments such 
as diagnosis based on biomarkers.

Early diagnosis of peri-implant diseases and their rate 
of progression may be possible with the assessment of 
biomarkers. Once identified, biomarkers of peri-implant 

and periodontal tissue destruction may alert the clini-
cians before clinical signs set in. Combining those strat-
egies with traditional protocols, professionals could 
increase the accuracy of early detection of peri-implant 
and periodontal diseases, the prediction of disease pro-
gression and monitoring of treatment effects [13–15]. 
Therefore, it is important to consider the development of 
diagnostic chairside tests with specificity for a particular 
biomarker, indicating the current activity of the disease.

The aim of this review is to identify and analyze how 
the molecular point-of-care (PoC) tests currently avail-
able can help in the early detection of peri-implant dis-
eases and throws light on improvements in point of 
care diagnostics devices, such as lab-on-a-chip and 
biosensors.

Methods
The methodology included applying a search strategy, 
defining inclusion and exclusion criteria, and retriev-
ing studies; selecting studies; extract relevant data; and 
performing tables to summarize the results. Searches of 
PubMed and Web of Science were performed to gather 
literature published until September 2022. The search 
terms used follow in the Tables 1 and 2, and 3 (Supple-
ment 1) according to the database used.

The inclusion criteria for selection were articles writ-
ten in English, studies using saliva or crevicular fluid, 
studies which apply Omics sciences or artificial intel-
ligence or novel approaches as predictive tool to ensure 
gingival, periodontal, or implant success. Exclusion cri-
teria included any articles that failed to involve items 
described in the inclusion criteria or any article that 
described in vitro studies, studies using animals or non-
oral tissues, studies using tools to predict non-implant 
treatment success, comparative microbiological tech-
nique studies, comparative and experimental studies with 
different materials design of dental implant surface or 
rehabilitation components.

The search strategy for this review involved 3 stages: 
reviewing titles, abstracts, and final selection of articles 
for full text analysis. Articles selected from the database 
search were sorted independently by 2 reviewers (R.B. 
and N.R.), and any differences in selection were dis-
cussed with a third reviewer (A.C.). Upon the reviewers’ 
agreement, articles that did not meet the predetermined 
inclusion criteria were excluded. Abstracts of the articles 
selected at the second stage were independently evalu-
ated by the same reviewers, and articles selected for final 
analysis were obtained in full text. At the final stage, the 
full text of the obtained articles was analyzed.
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The need of precision diagnostic, prognostic and 
monitoring indicators
It is consensual in the scientific community that implant 
success cannot be only evaluated based on implant sur-
vival and should also consider peri-implant conditions 
and crestal bone-level stability. It is generally accepted 
that initial remodeling of peri-implant bones occurs due 
to the biological adaptation of peri-implant tissues, and 
subsequent tissue stabilization is expected [12]. The cli-
nicians keep it as a normal bone remodeling process, 
however, an unstable bone can cause different problems, 
leaving the clinician uncertain, if the implant will be sta-
ble for longer. For this reason, clinician’s duty is to seek as 
least bone loss as possible [16].

Peri-implantitis is an inflammatory disease that occurs 
in tissues around dental implants, characterized by 
progressive loss of supporting bone. According to the 
Consensus report of workgroup 4 of the “2017 World 
Workshop on the Classification of Periodontal and 
Peri‐Implant Diseases and Conditions”, peri‐implant 
health is characterized by the nonexistence of erythema, 
bleeding on probing, swelling, or suppuration. It is not 
possible to define a range of probing depths compatible 
with health. Peri‐implant health can exist around dental 
implants with reduced bone support [2].

All the scientific evidence, as well as the clinical assess-
ment used nowadays by clinicians is strictly based on 
clinical, analytical, and radiographic parameters which, 
indeed, provide limited information to deal with the 
multi-factorial complexity of implant-supported rehabili-
tation procedures. Furthermore, from the point of view 
of diagnosing and staging peri-implant diseases, those 
methods can only register the pre-existent state and not 
the current condition itself, not considering the patient’s 
clinical condition. Moreover, it does not contemplate 
systemic conditions, lifestyle, hormonal changes, and 
ageing, among other aspects, related to individual inflam-
matory processes which may consequently influence the 
local immunological response. In other hand, for any cli-
nician, the greatest challenge is predicting the success of 
rehabilitation or the identification of patients with high 
risk of disease [17].

In this way, there is the necessity to create diagnoses 
supported by precise and standardized approaches such 
as omics sciences. Omics technologies have emerged as 
a powerful tool to investigate different molecular mecha-
nisms between health and disease states. Molecules such 
as biomarkers are often used in medicine to accurately 
determine the state of the disease or responses to a treat-
ment and contribute to find the targets of new therapies 
[11, 17]. This strategy is increasingly being considered in 
the literature as a future protocol to be implemented in 
monitoring of peri-implant disease.

Thus, the peri-implant treatment would not only be an 
intensive local treatment and transversal to all individu-
als, but a more individualized treatment. This suggests a 
more embracing treatment, such as usual local debride-
ment and disinfection protocols, but also give relevance 
to currently available systemically administered host 
modulation therapies. This type of protocol suggests that 
all patients rehabilitated with dental implants should 
be analyzed for well-established biomarkers systemic 
inflammation (for example high sensitivity C-reactive 
protein (hsCRP), cytokines such as interleukin-6 (IL-6), 
and collagenolytic enzymes such as MMP-8, MMP-9) in 
their biofluid samples, before and after local debridement 
procedures [18].

Molecular markers
Currently, we are in the “emerging era of high-integrated 
precision diagnostics” [19]. Although blood remains the 
most used biofluid sample, saliva has the potential to 
achieve a more relevant role on the diagnosis of pathol-
ogies. It has many advantages: it’s an easy and fast col-
lection method, and a non-invasive technique to collect 
the sample. As so, it may play a major role as a diagnostic 
biofluid especially in children and non-cooperative peo-
ple [20]. Saliva has been proposed as a diagnostic fluid 
not only for oral diseases, such as caries, periodontitis 
[21, 22] and oral cancer, but also for systemic diseases, 
including diabetes [23], autoimmune, viral [24] bacterial 
and cardio- vascular diseases [15].

Literature presents several research to identify bio-
markers associated with peri-implant disease. Up to the 
present date, different molecules have been investigated 
because of their molecular roles in inflammation or in 
tissues damage [25, 26]. Since there are numerous mol-
ecules identified in the literature related to biological 
mechanisms of peri-implantitis, in this study we only 
include the most actual, and already in use, biomarkers 
for peri-implantitis diagnostic point-of-care tests.

A meta-analyses that combined seven researches deter-
mined that interleukin-1beta (IL-1β) and tumor necrosis 
factor‐alpha (TNF-α), can be used as supplementary 
criteria for diagnosis of peri-implant infection, although 
cannot be used to distinguish peri-implant mucositis 
from peri-implantitis[27]. Ramseier et al. [28] reported 
biomarker assessment at teeth and implants in hundreds 
of patients 10 years after implant placement. Concern-
ing IL-1β, it was observed significant differences between 
periodontal and peri‐implant conditions. Indeed, IL-1β 
was elevated in peri‐implantitis tissues and associated 
with increased probing depths. In the same study, the 
matrix metalloproteinase‐8 (MMP-8) demonstrated a 
trend similar to IL-1β, elevated in peri-implantitis and 
correlated with clinical parameters, such as bleeding on 
probing and increased probing depth [28].
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Recently, Xanthopoulou et al. [29] revealed statistically 
significant differences of active matrix metalloprotein-
ase-8 (aMMP-8) levels between healthy groups and the 
mucositis and peri-implantitis groups, and between the 
mucositis and the peri-implantitis groups. They dem-
onstrated that elevated probing depths and aMMP-8 
levels were significantly correlated. This information 
suggests that the aMMP-8 PoC test can be a helpful tool 
for early identification and screening of the risk of peri-
implant diseases and progression. Also, Hentenaar et 
al. [30] compared biomarker levels in peri-implant cre-
vicular fluid (PICF) of healthy implants with levels in 
PICF of implants with peri-implantitis. Levels of IL-1β 
and MMP-8 were significantly elevated in implants with 
peri-implantitis. No difference in levels of TNF-α, inter-
leukin-6 (IL-6), monocyte chemoattractant protein-1 
(MCP-1) and macrophage inflammatory protein-1α 
(MIP-1α), osteoprotegerina (OPG) and granulocyte 
colony-stimulating factor (G-CSF) between healthy and 
diseased implants was found. They also concluded that 
implants with peri-implantitis have higher levels of inter-
leukin − 1β (IL-1β) and aMMP-8 in PICF compared to 
healthy implants.

Connective-tissue degradation and loss of attachment 
in periodontitis and peri‐implantitis diseases is due 
to matrix metalloproteinases. Among different matrix 
metalloproteinases and tissue inhibitor of metalloprote-
ases, the aMMP‐8 has been selected as a more promis-
ing diagnostic tool [31].

Molecular tests on the market for peri-implantitis
Routine monitoring of dental implants is nowadays cru-
cial to prevent biological complications or failures. There 
are guidelines and consensus that validate and standard-
ize clinical and radiographic assessment methods for the 
diagnosis of peri-implant diseases [2]. Although there 
are no standard protocols for diagnostic molecular tests, 
several scientific studies suggest that such tests might be 
useful to identify risk factors associated with developing 
peri-implant diseases, thus favoring early diagnosis [15]. 
It is expected that these tests have a high specificity and 
sensitivity which could be used chairside in a dental clinic 
or in a home use device [13].

There is a consensus in the literature that it is necessary 
to implement molecular diagnostic tests using biomark-
ers to identify early peri-implant disease. It is considered 
in the literature that MMP-8 is a biomarker of signifi-
cance in the new classifications of periodontitis and peri-
implantitis [9, 18, 32–36]. More notably, in oral fluids 
MMP-8 can also serve as a predictive and preventive 
adjunctive biotechnological tool, avoiding or reducing 
the evolution of gingivitis or mucositis to periodontitis or 
peri-implantitis, respectively [32, 37, 38].

Recently, two PoC chairside test kits have been devel-
oped - PerioSafe® PRO DRS (dentognostics GmbH, Jena) 
and ImplantSafe® DR (dentognostics GmbH, Jena) - to 
identify the presence of active MMP-8 on the saliva sam-
ples. The kits are like a COVID test or a pregnancy test, 
providing two lines of results indicating a higher risk of 
periodontitis/peri-implantitis. The advantages of these 
tests are that they are inexpensive, noninvasive, do not 
require specialized equipment or trained staff and pro-
vide a quick result with high sensitivity and specificity 
[39].

Once the presence of active MMP-8 has been identified 
in the sample, a quantitative analysis can be performed 
using the PerioSafe® PRO DRS (dentognostics GmbH, 
Jena) and ImplantSafe® DR (dentognostics GmbH, Jena) 
ORALyser, which is already a commercially available 
quantitative reader-based on aMMP-8 oral fluid specific 
point-of-care/chair-side lateralflow reader-equipped 
immunotests[40]. The results can be both qualitative and 
quantitative use the ORALyser reader [9, 34, 35, 40–42].

These tests have been validated in Finland, Nigeria, 
Germany, Holland, Malawi, Turkey, Sweden, and USA 
[31, 32, 43, 44]. The tests have diagnostic sensitivity and 
specificity 76–90% and 96%, respectively, corresponding 
to odds ratio of > 72 [31, 32]. The test results are quanti-
tatively available by the reader in 5  min PoC/chair-side. 
The tests have been shown to be useful to screen suscep-
tible sites and patients, differentiate active and inactive 
periodontitis and peri-implantitis sites, predict the future 
disease progression, and monitor the treatment.

The PerioSafe® PRO DRS (dentognostics GmbH, 
Jena) and ImplantSafe® DR (dentognostics GmbH, Jena) 
aMMP-8-POCT kits are efficient tools in improving the 
accuracy of diagnostic and prognostic of periodontal or 
peri-implant diseases and they are commercially available 
and approved technologies by the FDA on the United 
States of America and European Union [13, 41, 45]. 
PerioSafe® PRO DRS (dentognostics GmbH, Jena) and 
ImplantSafe® DR (dentognostics GmbH, Jena) and ORA-
Lyzer® tests have already been validated to function with a 
single biomarker, such as, aMMP-8 that is demonstrated 
as a biomarker of significance in the new classifications 
of both periodontitis and peri-implantitis. It is available 
as a mouthrinse (PerioSafe®PRO DRS (dentognostics 
GmbH, Jena)) and sulcular fluid/gingival crevicular fluid 
(ImplantSafe®DR (dentognostics GmbH, Jena)) vari-
ants [33, 35, 39–41]. The difference between both tests 
is that PerioSafe®PRO DRS (dentognostics GmbH, Jena) 
indicate the general periodontal status, whereas the 
ImplantSafe®DR(dentognostics GmbH, Jena) variant can 
be used as a site-specific test. Both have the advantage 
of being an easy-to-use tool-kit, and the possibility that 
either the patients themselves or general clinicians could 
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interpret the result and understand whether or not they 
should refer the patient to a dentist [34].

Advances in point-of-care devices
Future development of these PoC test kits should ideally 
consider the ASSURED criteria for the characteristics of 
PoC devices introduced by the World Health Organiza-
tion (WHO). This requires that such devices should be 
“affordable, sensitive, specific, user friendly, rapid, and 
robust, with no complex equipment and deliverable to 
end-users” [13].

Recently, the progress in several informatic fields espe-
cially in biotechnologies allowed the development of bio-
sensors and microelectro-mechanical systems (MEMS). 
Biosensors usually contains a “bioreceptor” unit respon-
sible for selective recognition of the target and contains a 
physiochemical transducer able to translate the biorecog-
nition into a signal that are sent to reader devices via 
electrical signals [46]. Those devices were developed for 
measurements in laboratories, or in a point-of-care (PoC) 
settings, or even for single-use home testing [47]. How-
ever, a new PoC technology - Lab-on-a-Chip (LOC) - has 
been developed integrating numerous laboratory assays 
in a single device, including process and preparation of 
the sample, identifications and quantification multiple 
biomarkers, and analysis [48].

Noninvasive biosensors have been developed to detect 
target analytes in several biological fluid, such as, saliva. 
Wearable saliva biosensors have progressed considerably 
in recent decades. They start to be incorporated into den-
tures and then into teeth. Their application has several 
targets, such as dental disease monitoring, biochemical 
monitoring in saliva, and food intake monitoring [49]. 
The detect data can be transmitted wirelessly to nearby 
device, and then interpreted by the individual or sent 
directly to the clinician to check in real-time the status of 
his patient [50, 51].

Although there are several fields in dentistry where bio-
sensors can be applied as real-time diagnostic strategies, 
such as in the identification of caries and force exerted 
during orthodontic treatment, nonetheless it will be dis-
cussed in detail how biosensors can help in diagnosis and 
monitoring of dental implants [52, 53].

Hassanzadeh et al. [52] designed a capacitive sensor to 
evaluate the new bone growth around the dental implant. 
PEEK (Poly-ether-ether-ketone) was used for the creation 
of the sensor and its capacitance depended on the den-
sity and growth of bone around it. During the process of 
bone remodeling and osseointegration, the capacitance 
of the sensor would gradually be reduced to a seventh of 
the initial value. The capacitance data was then transmit-
ted wirelessly to the external device and converted to the 
readable format for dentists. The merit of this sensor is 
that the capacitance of the sensor is chosen as a readily 

detectable indicator to manifest the condition of bone 
anchorage all the time with low energy consumption and 
wireless transmission. But as a disadvantage, the sen-
sor cannot be removed after osteointegration, therefore 
the potentially harmful long-term effects of the sensor 
should be investigated deeply [52, 53].

It is consensual that the lifetime of dental implants 
can easily exceed 10 years, but there are many adverse 
influence factors related to its biological and mechanical 
problems [54]. As already defined in this review, the con-
ventional diagnosis of peri-implant diseases is based on 
clinical signs, which are subjective, lack precision, and are 
time-delayed [53]. Diagnoses and treatments out of time, 
allow diseases such as peri-implantitis to develop, give 
rise to implant failure and needs of follow-up appoint-
ments, with invasive treatments, which will bring burden 
and pain to patients and waste medical resources [55].

To deal with the problem of timely notice and diagno-
sis of peri-implant diseases, Jeffrey et al. [53] reported 
a dental implantable temperature sensor for monitor-
ing peri-implant diseases and increasing the lifetime 
of rehabilitations. Recognizing that temperature is one 
of the inflammation signs, it can be a relevant indica-
tor to monitor the peri-implant tissues. Therefore, a 
multi-channel temperature sensor was created based on 
a photo-definable polyimide. The sensor was small and 
flexible to adhere to the abutment of dental implants. It 
was shown that this sensor had high stability, repeatabil-
ity, linearity, and accuracy, and can send early warning 
signals when peri-implant diseases occur. However, for 
the aim of monitoring and alerting peri-implant diseases 
in more than 10 years, biological security, stability and 
the lifetime of the sensor should be improved to identify 
the needs of users [53].

Furthermore, implants and prosthetic structures are 
connected by connection screws that can be loosed 
sometimes and may lead to micro-displacement between 
implants and prosthetic structures eventually. Such 
micro-displacements may also result in the failure of 
dental implants. To increase the rate survival of dental 
implants, Sannino et al. [56] proposed a system to warn 
micro-displacements of the implant-prostheses con-
nection. The system consisted of a micro-displacement 
sensor and wireless communications that can be put 
inside the prostheses. The micro-displacements data 
was wirelessly transmitted to the external unit. This sen-
sor not only indicated the micro-displacements of dental 
implants, but also provided a platform to study the load-
ing forces of dental implants and solve other problems 
[57]. But the adaptability and stability of this implantable 
system in the oral cavity should be further studied and 
improved.

Dental sensors were created to monitor the dental 
implants and extend their survival rate. Considering the 
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dental sensor is often integrated on dental implants and 
must be kept in the body for years, the stability and safety 
of dental sensors need further investigations.

Conclusion
Based on the findings, more and more emphasis is given 
on the role of biomarkers to recognize of present peri-
odontal or peri-implantar status, as well as disease pro-
gression and response to therapy. The PerioSafe®PRO 
DRS (dentognostics GmbH, Jena) and ImplantSafe®DR 
(dentognostics GmbH, Jena) /ORALyzer® test kits, 
already used clinically, can be a helpful adjunct tool in 
enhancing the diagnosis and prognosis of periodontal or 
peri-implantar diseases.

In the foreseeable future, with the advances of sensor 
technology, the biosensors can perform daily monitoring 
of dental implants or periodontal diseases, making con-
tributions to personal healthcare by the clinicians and 
moreover improve the current status quo of health man-
agement and human health.
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