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(Abstract I
Background: This study assessed the effects of ceramic dental implant placement on inflammatory responses, im-mune
function, and cellular aging in a 53-year-old female patient. This study aimed to determine whether minimally invasive
implant procedures combined with regenerative techniques can influence biological aging and systemic in-flammation.
Subjects and Methods: A comprehensive treatment approach was used, including minimally invasive ceramic den-
tal implant placement, platelet-rich fibrin (PRF) augmentation, and vitamin supplementation. Advanced imaging and
biomarker analyses have evaluated implant osseointegration, inflammatory profiles, immune responses, and telomere
length as markers of cellular health and aging.

Results: Successful implant osseointegration was observed along with a favorable inflammatory profile, as reflected by
increased levels of the anti-inflammatory cytokine IL-10. An improvement in telomere length suggests potential ben-efits
to cellular health. However, a slight increase in biological aging was observed, as indicated by the glycan profile. These
findings underscore the complex interactions between oral health, systemic inflammation, and biological aging.

Conclusions: This study provides new insights into the regenerative and anti-aging potential of dental treatments, indi-
cating that ceramic dental implants combined with regenerative therapies may reduce immunological stress and support
healthy aging. Although reduced inflammation and improved oral function are evident, the long-term effects on cellular
aging and longevity remain unclear. Further studies are needed to better understand the impact of these interventions
\on biological aging and overall health. )

Keywords, Telomere, Cell Aging, Oral Health, Ceramic Implants, Fatty Degenerative Osteonecrosis of the Jaw, Inflam-matory
Biomarkers

Introduction

Healthy aging is largely influenced by a nutritious diet and mod-
erate exercise. When com-bined with smoking cessation and
moderate alcohol consumption, these habits provide sub-stantial
physical and emotional benefits to patients. Individual longevity
depends on approxi-mately 30% genetics, with the remaining
70% being influenced by personal choices [1, 2]. Oral health
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significantly impacts the quality of life, affecting one’s ability to
eat, speak, and socialize comfortably [3]. Regular dental check-
ups, proper oral hygiene, and lifestyle adjustments can help pre-
vent or manage oral health issues in the elderly population.

Oral health is closely associated to systemic health [4]. Oral dis-
eases can increase the levels of proinflammatory cytokines in the
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blood, leading to chronic inflammation, shorter telomeres, and
decreased mitochondrial function [5-7]. This association is par-
ticularly significant in high-risk populations, as it affects major
organs, such as the kidneys, liver, heart, and brain, and contrib-
utes to aging and cancer [8-10].

Bone marrow defects of the jaw (BMDIJ) can develop after
dental procedures, connecting the immune and bone systems
through cytokines such as RANTES/CCLS, which are often
over-expressed in fatty degenerative osteonecrosis of the jaw-
bone (FDOJ). Apical periodontitis, a prevalent inflammatory
condition in older adults, can lead to tooth loss and systemic
issues such as cardiovascular diseases [11]. Moreover, undiag-
nosed asymptomatic conditions pose a risk to systemic health
[12-15].

Dental implants are essential for treating oral diseases and re-
storing oral function, especially as human life expectancy in-
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creases. Implant success depends on osseointegration, during
which the implant surface bonds directly with the surrounding
bone tissue [16]. Advances in implant surface technology and
biomaterials have improved osseointegration outcomes, lead-
ing to faster healing and a reduced risk of implant failure [17].

However, complications such as peri-implantitis—a destruc-
tive inflammatory condition affect-ing the tissues around den-
tal implants—can arise because of a weaker soft tissue—implant
in-terface [18-20]. Positive outcomes have been observed with
ceramic dental implants, where a focus on oral hygiene and vi-
tamin supplementation reduced pro-inflammatory marker levels
and improved patient health [5, 21, 22] (Figure 1).

This study underscores the importance of oral health in system-
ic conditions and highlights how informed decision-making can
enhance the quality of life, prevent aging-related issues, and re-
duce the healthcare burden.
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Figure 1: Clinical assessment of oral conditions and systemic factors, such as immune re-sponse and inflammation, influencing the
success of titanium and ceramic dental implants.

Detailed Case Description

Here, we report the case of a 53-year-old female who underwent
immediate or late ceramic implant placement in April 2023 and
was monitored for four months using radiographs and medical
records. All implants were placed supracrestally in the maxil-
la and mandible. The pa-tient required implant placement for
several reasons, including metal sensitivity, tooth loss due to
decay, periapical lesions in the root canal-treated teeth, misfit
of crowns/bridges or prostheses, and periodontal destruction.
Informed consent for treatment the use of anony-mized data
for publication were obtained from the patient. This study was
conducted in ac-cordance with the principles of Declaration of
Helsinki.

Blood analyses and radiography were performed before and after
the final prosthetic restora-tion (Figure 2). The patient required
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implant placement for a single missing tooth, for those with cor-
roded amalgam, gold, or metal crowns/bridges, for poorly fitted
restorations, cracks, secondary caries, or periapical cysts in root
canal-treated teeth.

The presence of BMDJ associated with osteoimmune dysregula-
tion was observed preopera-tively using panoramic radiography
and cone-beam computed tomography (CBCT)/digital volume
tomography (DVT) and confirmed with trans-alveolar ultrasonic
(CaviTAU) examina-tion to address the diagnostic limitations
of conventional methods. Postoperatively, the local expres-
sion levels of C—C motif chemokine 5 (CCL5)—also known as
regulated on activation, normal T-cell expressed, and secreted
(RANTES)—were determined using samples excised from the
patient’s jawbone [6, 22, 23] (Figure 3).
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Figure 2 (a) Radiographic images taken before implant Figure (b) Immediatly after implant placement.
placement.

Figure (¢) Months after implant placement

Figure (d)Teeth condition during initial observation Figure (e) Immediately post operation

Figure 2: Timeline and overview of the treatment protocol with SDS ceramic implant placement. Radiographic images taken (a)
Before implant placement showing FDOJ regions indicated by blue circles at tooth positions 18—19, 35, and 28-29, (b) Immediately
after implant placement, and (c) Months after implant placement. (d-e) Teeth condition during initial observation (d), Immediately
after implant placement (e). Abbreviations: SDS, Swiss Dental Solutions; FDOJ, fatty degenerative osteonecrosis of the jawbone.
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Figure 3 (a) RANTES/CCLS5 expression in FDOIJ. (a) FDOJ

regions at tooth posi-tions 18—19, shown in CaviTAU preopera-

tive imaging. Red and yellow areas indi-cate low-density bone,

whereas green areas represent healthy bone. The blue bar rep-

resents normal RANTES expression levels, and the red bar indi-
cates overex-pression values.

Figure 3 (b) Clinical view after surgical assessment, showing
fatty bone character-ized by yellow coloration and soft consis-
tency

Figure 3 (¢) QR code linking to the surgical protocol for FDOJ assessment. Abbre-viations: FDOJ, fatty degenerative osteonecrosis
of the jawbone.

Surgical procedure

Following clinical examination, CBCT was performed to as-
sess the underlying bone and com-plete the diagnosis. Mineral
and vitamin intake was prescribed for 4 weeks, both pre- and
post-operatively (Table 1). Daily doses of magnesium, vitamins
C and D3, K2/mk7, and omega 3 were administered. We focused
on the plasma concentration of vitamin D and its ratio to that
of vitamin K2/mk7 (vitamin D 10,000 IU to 100 lg K2/mk7).
Surgery was performed when vitamin D levels were between
70-100 ng/mL and LDL-cholesterol was <120 mg/dL to ensure
appropriate systemic conditions for bone healing after surgery
[24].

The infusion protocol on the day of operation comprised 2.4 g
co-amoxicillin in 50-100 mL NaCl. In the first 72 h post op-
eration, the patient received daily infusions of 7,5 g vitamin C
(118 g ascorbic acid, Pascoe), procaine (2 mL, 2% in 500 mL
of Ringer B. Braun solution), zinc sulfate (23%, 43 mg in 100
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mL NaCl; Sigma-Aldrich), magnesium sulfate (20%, 8§ mmol;
Bichsel), sodium bicarbonate (8.4%; Sintetica, Mendrisio), and
vitamin B12 (1 mL/mg; Sin-tetica) in accordance with the Swiss
Biohealth Concept and previous studies [25-27].

Pain was controlled with 600 mg ibuprofen, if needed. The im-
plants were placed using a minimally invasive technique without
vertically releasing the incisions under local anesthesia (artic-
aine 40 mg/mL with epinephrine 10 mg/mL; Sanofi, Vernier,
Switzerland). All implants were placed by the same surgeon, and
rigorous inspection and curettage of the surgical sites were per-
formed. Advanced platelet-rich fibrin (PRF) produced by low-
speed centrifugation (Mectron Deutschland Vertriebs GmbH,
Cologne, Germany) was placed at the surgical site, and over and
around the implant [28]. Augmentation of the alveolar ridge was
based on the defect size. A non-resorbable monofilament suture
(Atramat 4-0, Mednaht GmbH, Bochum, Germany) was used to
stabilize the PRF matrices and reposition the flaps.
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Table 1: Pre- and post-operative mineral and vitamin supplementation.

Nutrient Pro Sachet % NRV*
Vitamin C 450 mg 563
Vitamin D3 25 pg (1000 LE.)# 500
Vitamin K2/mk7 12 ng 16
Magnesium 250 mg 67
Omega-3-fatty acids 250 mg o
Eicosapentaenoic acid ethyl ester 140 mg k]
Docosahexaenoic acid ethyl ester 60 mg S
Others calcium ascorbate, cholecalciferol, menaquinone-7, gelatin, microcrystalline cel- ok

lulose, ethyl cellulose, fruit aroma

*NRV: Nutrient Reference Value. Reference values according to VO (EU) Nr. 1169/2011.

**No reference quantity available.
#International Unit.

Source: Big5 Nutra beads, Swiss Dental Solutions GmbH, Germany

FDQOJ Interventions

FDOJ surgery involved making incisions in the gingiva and bone
to expose the affected area (Figure 2). The dead tissue, debris,
and diseased bone were surgically removed. Local anes-thesia
was prolonged by applying a procaine-soaked compress to the
treated area for 20 min, followed by thorough disinfection with
ozone [29]. The bone defects were repaired using PRF, and the
wound was closed with absorbable sutures. After wound closure,
liquid i-PRF was in-jected for additional enrichment of endoge-
nous growth factors for regeneration (Figure 3).

Analysis of IgG Glycans and Biological Age

IgG N-glycan profiles were assessed before and four months
after treatment (GlycanAge, England) following the method de-
scribed by Kristi¢ et al. [30]. IgG was isolated from 100 pL of
plasma using protein G plates, followed by N-glycan release by
PNGase F digestion, labeling with 2-AB fluorescent dye, and pu-
rification. The labeled N-glycans were separated using hy-dro-
philic interaction chromatography (UPLC), data eprocessing
involved log transformation and batch correction. A predictive
GlycanAge model was developed using multivariate analysis
and was validated through random subsampling.

Additional analyses were performed to explore the relationship
between glycosylation and age. Variations in IgG Fc glycosyla-
tion, which influence immune function, have been linked to
in-flammation and biological aging, which is supported by re-
duced glycosylation in certain aging syndromes. To our knowl-
edge, this is the first study to assess biological age and glyco-
sylation following oral surgery. Consequently, the results were
compared with standard telomere length measurements obtained
from peripheral leukocyte DNA (T/S ratio) via quantitative PCR
in the participants of an ongoing prospective study by our group.
Individual outcomes were benchmarked against age-specific data
obtained from Ganzimmun Diagnostics AG (Mainz, Germany).
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Blood Tests

Peripheral blood was drawn before and after treatment to analyze
the TH1/TH2 ratio and IL-10 serum levels using standard labora-
tory techniques. Blood samples were sent to the Institut fiir Mediz-
inische Diagnostik (Berlin, Germany) for hematological analysis.

Statistical Analysis

Student’s t-test was performed to assess significant differences in
the means of hematological parameters, telomere length (n=6, from
the ongoing prospective study), and IgG N-glycan profiles (n=1,
this case report) pre-intervention and 4 months post-intervention
for IgG N-glycan, and 3 weeks for leukocyte DNA (T/S ratio). An
estimated plot was generated from the collected data to interpret the
intervention effects visually. The graph displays the mean values of
the measurements, with error bars representing standard deviation.
The significance level was set at 95% (P < 0.05) to obtain valuable
insights into the effects of the intervention.

Treatment Outcomes and Clinical Relevance

Three immediate implants (immediately after tooth extraction)
and one late implant (at least three months after tooth removal)
were placed. No abnormalities in wound healing and no signs
of infection, necrosis, or adverse reactions were observed at any
time point. No material loss was observed; no abnormal prema-
ture surgical intervention was required during the healing peri-
od. After four months, the patient underwent oral rehabilitation,
including pros-thetic treatment, and the implant survival rate
(i.e., implant staying in place) was 100%.

The SDS tissue-level implant allowed for 3-dimensional main-
tenance of the mesial and distal alveolar ridges as well as an
ideal emergence profile for the crown (Figure 2, 4d—e, 5d—e).
In addition, the implant shape provided a space between the im-
plant and buccal lamella, which was filled with PRF. Adequate
vascular supply and lack of compressive forces in the alveolar
space resulted in new bone formation and mucosal keratiniza-
tion without requiring additional surgical augmentation [21].
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Figure 4 (b) FDOJ at the apical region marked by pink lines, shown in CaviTAU pre-operative imaging. Red and yellow areas
indicate low-density bone, whereas green areas represent healthy bone.

Figure 4 (c¢) Clinical view before implant placement Figure 4 (d) After implant preparation

Figure 4 (e): After prosthetic rehabilitation. Abbreviations: FDOJ, fatty degenerative osteonecrosis of the jawbone.
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Figure 5 (a) Apical periodontitis associated with the root tooth ~ Figure 5 (b) FDOJ at the apical region marked by pink lines.
region 35.

Figure 5 (e): After implant placement. Abbreviations: FDOJ, fatty degenerative osteonecrosis of the jaw-bone.
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Post-operative hematochemical and inflammatory parameters
improved significantly, with IL-10 levels increasing from 760
pg/mL to 1800 pg/mL (P =0.0017) and TH1/TH2 Ratio from 0.6
to 6.1. These findings suggest that dental treatment positively
influences the inflammatory response, indicating an active im-
mune response to surgical trauma. This is a normal part of the
healing process that protects against infections and promotes tis-
sue repair [31, 32].
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Figure 6 (¢) Glycan profile and references and galactoses

Moreover, the overlap metrics with disease-specific glycans re-
vealed a significant overlap in glycan indices between patients
and those with coronary artery disease or perimenopause. There
was also a notable overlap with increased risk of hypertension,
rheumatoid arthritis, Crohn’s disease, type 2 diabetes mellitus,
dyslipidemia, and chronic obstructive pulmonary disease [30].
However, further research with larger sample sizes is required
to establish sta-tistically significant changes in these parameters.

After 4-month period, biological aging increased from 73 to 75
years, as assessed by variations in glycan structures. Addition-
ally, two protective indices against chronic inflammation—the
presence of two galactoses and sialic acid—decreased from
0.129 to 0.120 and from 0.118 to 0.116, respectively. Converse-
ly, the missing galactose index increased from 0.357 to 0.367.
Collectively, these results support the determination of aging
and its effects on health during healing (Figure 6).
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Figure 6 (d) Biological age assessment before and after follow-up

In comparison to an ongoing prospective study that follows the
same surgical protocol and in-clusion criteria, but measures telo-
mere length through the T/S ratio obtained from peripheral leu-
kocyte DNA, a significant increase in telomere length was ob-
served (from 0.86 to 0.92, P=0.0392) (Figure 7). These findings
suggest that surgery may enhance cellular health by in-creasing
telomere length, indicating that implant placement contributes
to a favorable in-flammatory profile and potentially benefits the
patients’ immune responses and overall health.
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Figure 7. Pre- and post-operative telomere length (Telo). The graph illustrates the mean telomere length measurements taken before and after
treatment. The mean values are represented by data points on the graph. Error bars indicate the standard deviation (SD) of the measurements.
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Discussion

Maintenance of oral health is crucial for healthy aging [33].
Clinical strategies should prioritize the early diagnosis and pre-
vention of biofilm-related diseases and promote bone preser-
vation and soft tissue management. This case report highlights
the importance of such approaches to achieve sustainable treat-
ment success in both hard and soft tissues, potentially reducing
the immune burden, improving patient satisfaction and overall
health, and enhancing longevity.

Successful outcomes in implantology are related to implant os-
seointegration, long-term stabil-ity, and masticatory function.
This depends on various factors related to the implant, patient,
and operator [34]. The placement of the implant in immuno-
logically uncompromised alveolar bones is an important fac-
tor. We assessed the bone pre-operatively using transalveolar
ultra-sound (CaviTAU) to detect otherwise hidden pathophys-
iological changes such as those in the inferior region of tooth
35 and around wisdom tooth 18. These changes are character-
ized by low bone density and overexpression of the chemokines
CCL5/RANTES [35].

In the FDOJ, local ischemia can occur after tooth extraction.
Without adequate blood supply, this leads to an imbalance
in bone regeneration. Under these conditions, bone marrow
mes-enchymal cells are more likely to differentiate into adipo-
cytes than that into osteoblasts, re-sulting in the formation of
necrotic fatty tissue that fills the trabecular region of the bone.
The FDOJ is often concealed beneath the intact cortical bone
[36,37].

Histological assessment of the FDOJ confirmed overexpression
of the chemokine CCL5/RANTES, a marker found in breast
cancer, osteosclerosis, neurodegenerative lesions, and chron-
ic fatigue syndrome [6]. This suggests its role in systemic in-
flammatory disorders and disruption of regulatory processes. A
minimally invasive surgical approach combined with thorough
alveolar bone cleaning and PRF application helps restore ho-
meostasis and promote bone formation.

Since 2013, aging research has focused on the decline in organ-
ismal function during adult-hood. Despite its arbitrary classifi-
cation, three criteria must be met for each hallmark of aging: (1)
time-dependent changes associated with aging; (2) the ability
to accelerate aging by en-hancing the hallmark; and (3) most
importantly, the potential to decelerate, halt, or reverse aging
through therapeutic interventions targeting the hallmark. This
study does not advocate for surgical protocols as anti-aging
therapies but emphasizes that oral diseases must be ad-dressed,
as they can impair cellular function, leading to senescence and
worsening systemic conditions, particularly in high-risk patients
such as those with diabetes, cardiovascular dis-eases, or cancer.

Surgical trauma can induce cellular senescence, a normal re-
sponse to stress and damage, fol-lowed by immune clearance.
However, during biological aging or in the presence of chron-
ic diseases, this clearance can be reduced, making senescence
pathogenic due to the excessive secretion of pro-inflammatory
and pro-fibrotic factors. In the present case, the patient was 20
years older than her chronological age. Consequently, the host
immune response, which is initially aimed at resolving or con-
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taining ongoing inflammation, may ultimately overwhelm the
immune system over time.

A clinical strategy that combines physical examination and
medical history with preoperative assessment of biological age
and immunomodulatory cytokines leads to more predictable
out-comes [11]. We explored biomarkers associated with cell
aging, inflammation, TH1/TH2 Ratio and IL-10 levels. All oral
infection sites were removed in a single procedure, with prompt
res-toration of oral and masticatory functions.

Previous studies have shown a positive correlation between telo-
mere length, cellular energy performance, and the balance of in-
flammatory and anti-inflammatory cytokines following ce-ramic
implant placement [5]. These implants were used in the same
treatment protocol as described here, emphasizing oral hygiene
and vitamin supplementation for patients with non-adapted met-
al-alloy restorations, periapical cysts, and peri-implantitis re-
lated to titanium implants. This study highlights the potential
benefits of ceramic implants in improving cellular health and
modulating inflammatory responses. Consequently, ceramic im-
plants may offer better outcomes, particularly in patients with
metal hypersensitivity [21, 38, 39].

Inflammation increases during aging (“‘inflammaging”), with
systemic manifestations and lo-cal pathological phenotypes
including arteriosclerosis, neuroinflammation, osteoarthritis,
and intervertebral disc degeneration [40]. In association with
enhanced inflammation, immune function declines [41]. T cell
populations entail hyperfunction of pro-inflammatory THI,
defec-tive immunosurveillance (with a negative impact on the
elimination of virus-infected, malig-nant, or senescent cells),
loss of self-tolerance (with a consequent age-associated increase
in autoimmune diseases), and reduced maintenance and repair
of biological barriers, all of which together favor systemic in-
flammation [42].

This study has certain limitations that must be addressed. First,
the reduction in proinflam-matory markers after the therapeutic
protocol suggests an overall health improvement, alt-hough the
changes may result from systemic alterations rather than solely
from ceramic im-plant placement, warranting further investiga-
tion into the correlation between cytokine release and inflam-
mation.

Second, to the best of our knowledge, this is the first study to as-
sess the variations in glycan profiles and their relationship with
biological age as indicators of systemic disease risk after ceram-
ic implant placement. While acknowledging the limitations of
this study, including the need for a larger experimental group
and a longer follow-up period, future research may yield differ-
ent results or confirm that glycan variation is not the optimal test
for determining biolog-ical age after oral surgical intervention.
Another limitation is the increased cost of tests for the patient,
which might be difficult to implement in routine clinical prac-
tice, although it sheds light on the correlation between oral in-
fections and systemic disease.

This study provides insights into the biocompatibility and long-
term implications of ceramic dental implants. Further collabo-
rative efforts and clinical studies are vital to develop advanced
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treatment options for all implant types, thereby enhancing treat-
ment outcomes and patient satisfaction.

Conclusions

In this study, a comprehensive evaluation of inflammatory bio-
markers, telomere length, and glycan structures provided crucial
insights into regenerative capacity and cellular aging. Alt-hough
biomarkers are essential to measure progress, they are not the ul-
timate targets for achieving success. Advancements in the under-
standing of these factors could lead to thera-peutic interventions
that promote healthy aging, reduce inflammation, and support
immuno-logical sustainability. Moreover, this study highlights
the importance of addressing the associ-ation between weaken-
ing of the immune system and oral disease progression. A deep-
er un-derstanding of the effects of ceramic implants on patient
health and tissue regeneration is vi-tal to improve implant osse-
ointegration.
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