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Abstract

Background: This retrospective study assessed long-term survival outcomes of severely
periodontally compromised mandibular incisors (≥50% bone loss) following initial pe-
riodontal treatment and a structured recall protocol. Methods: Ninety-three patients
with ≥50% bone loss in all mandibular incisors were treated in a private practice over a
32-year period by the same periodontist. Following initial treatment, patients were as-
signed 6- or 12-month recall intervals based on response and motivation. The baseline
was set after subgingival debridement (visit 3). Last follow-up visit (LFV) in this study
was defined as follows: the last control visit of the patients done by the periodontist. ‘Sur-
vival’ was divided into 3 groups: complete survival (CS), all incisors were still present,
and partial survival (PS), one or two incisor(s) were lost. Total failure (TF) involved in-
stances in which all incisors were lost. Effective survival was monitored when an extracted
tooth was repositioned and stabilized with a splint, ensuring preservation of function.
Only 9.7% of patients needed a mandibular incisal splint. For reasons of consistency the
CPITN was used. Statistical analysis was performed in R. The significance level was set
at α = 0.05. Event-free patients can be considered as uninformative censoring, all with the
same probability of risk, as they all were still in follow-up at the time of informed consent
approval. Results: A total of 93 patients were included in the study. The mean follow-up
was 17.7 years. At the last visit, 79.6% of patients retained all incisors, with an effective
survival rate of 89.2%. Regarding the survival probability over time, after 15 years, it is
91% (95% CI: 0.86–0.98), and after 20 years, it is 78% (95% CI: 0.69–0.90). The effective
survival probability over time after 15 years was 95% (95% CI: 0.91–1.0), and after 20 years,
it was 89% (95% CI: 0.81–0.98). Compliance significantly influenced survival (p = 0.007),
whereas the number of occluding units did not (p = 0.226). The total amount of teeth lost
during the entire follow-up period showed a statistically significant difference compared
to survival (p < 0.001). The general periodontal health of the patient population presented
a shift from CPITN 3 to the 0–2 group. Conclusions: Severely compromised mandibular
incisors demonstrate high long-term survival rates with appropriate therapy. After 20 years
the survival probability was 78%, and the effective survival probability, 89%, underscoring
the critical role of lifelong periodontal care. Mandibular incisor preservation over long-term
follow-up is highly achievable.
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1. Introduction
Although periodontitis is a multi-factorial disease, the susceptibility and progression

of this disease is largely determined by the host inflammatory response [1,2]. In addi-
tion to environmental and behavioural risk factors, genetic variations may influence this
host response. Interleukine-1 (IL-1) polymorphisms represent genetic variations in the
IL-1 gene cluster and have been associated with increased cytokine production and an
exaggerated inflammatory response to bacterial plaque. This may result in accelerated at-
tachment loss and alveolar bone resorption, potentially leading to more severe periodontal
breakdown [3]. However, genetic testing is currently not part of standard periodontal diag-
nostics or treatment protocols in private practices. Severe periodontal breakdown affects
quality of life, not only in terms of reduced functional capacity but also social and interper-
sonal relationships [4]. Papapanou et al. (2018) [5] defined a multi-dimensional staging
and grading system for periodontitis, replacing the aggressive and chronic periodontitis
classification [6].

The combination of periodontal breakdown and increased mobility frequently leads
to an irreversible decision, namely tooth extraction. However, this decision is based on
clinical and radiographic parameters, combined with the scientific and personal knowledge
of the treating dentist. There may be different interpretations of when to extract a tooth.
Critical diagnosis and adequate treatment can lead to a decrease in mobility over time,
if not to tooth extraction [7]. The treatment planning of the practitioner is crucial and is
often influenced by experience. A tooth that may be considered severely compromised
for one dentist could have a poor prognosis according to another one, while a third may
consider long-term retention feasible under strict periodontal treatment and maintenance
protocols [8]. Therefore, it would be interesting to know what the mean survival time is of
teeth that are classified as questionable or considered severely compromised based on their
periodontal condition [9].

Especially with the increasing average life expectancy of the global population [10] a
back-off strategy is proposed in several instances [11] for people with complicated and/or
full-mouth (fixed) rehabilitations. Often all four incisors are extracted, although only one or
two have lost ‘excessive’ bone, as replacing one or two mandibular incisors appears to be
an (aesthetically) inferior option. Consequently, the remaining incisors might be sacrificed,
but this could induce an irreversible change in the oral situation of these patients. Instead
of extracting all incisors, an option is to splint the extracted tooth to its neighbouring teeth.
Although this treatment option was documented before [12,13], the overall lifespan of this
temporary treatment is not well known.

This retrospective study investigates the average survival rate as well as ‘effective
survival’ of mandibular incisors with a minimum of 50% supportive tissue loss. In addition,
the effect of compliance, occluding units and CPITN in relation to the general periodontal
condition of the patients was assessed on their survival.

2. Materials and Methods
All patients included were treated by the same periodontist over a period of 27 years

(1990 to 2017) in a private practice. The retrospective end-evaluation was set up on
31 October 2022. The maximum follow-up period was 32 years (1990 until 2022). In
total 93 patients were included. None of the patients of the drop-out group were contacted
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by telephone and no questionnaires were sent to them, nor to current clinicians of these
patients to collect supplementary information.

‘Survival’ was divided into complete survival (CS), all incisors were still present at
last evaluation, and partial survival (PS), one or two incisor(s) were lost during the study.
None of the patients lost three incisors. Total failure (TF) involved instances in which all
incisors were lost.

‘Effective survival’ was defined as follows: patients experienced the loss of one or two
mandibular incisors during the study follow-up. The extracted teeth were repositioned
and stabilized with a splint, ensuring preservation of function. This subgroup could be
considered as part of the overall survival cohort, as the functional and aesthetic integrity of
all mandibular incisors were maintained.

Acknowledgement from the Ethical Committee at the University of Ghent was ob-
tained with reference number ONZ-2022-0608. An Informed Consent Form (ICF) of the
Ethical Committee was used. After complete explanation of the study, all patients in-
cluded signed the ICF. This study was conducted in accordance with the principles of the
Declaration of Helsinki.

All patients were selected based on clear criteria:

Inclusion criteria

• Periodontitis class 3C or 4C, according to Papapanou et al. (2018) [5].
• All mandibular incisors had <50% supporting bone.
• All ASA scores.

Exclusion criteria

• Insufficient radiographic examinations available.
• Absence of periodontal information.
• Follow-up time < 5 years.

2.1. Patients’ Care Pathway and Evaluation of Patients’ Files

Data were extracted from the patients’ files: initial periodontal assessment (visit 1)
and initial periodontal treatment (IPT), including subgingival debridement (SGD) and
extractions if indicated (visit 2 and 3 = baseline). After SGD patients had three more
follow-up visits (4 to 6): at 1, 3 and 6 months. At visit 6 a full periodontal status was taken
(general re-evaluation, GR) and compared to the initial status. All visits were performed
by the same periodontist. In Belgium, the assistance of dental hygienists was legally not
possible until 2019. Additional oral hygiene instructions were provided. Antibiotics were
never prescribed, neither before, during nor after periodontal treatment. The periodontist
maintained the same treatment and maintenance protocol over a 32-year period. During
maintenance a new periodontal status was taken at each visit, as well as full-mouth supra-
gingival debridement, together with a motivation of personal plaque control. Sub-gingival
debridement was performed when necessarily. Patients were informed that the periodontal
condition of their mandibular incisors was extremely doubtful. If mandatory, a splint was
placed prior to IPT.

After IPT, a recall period of 6 or 12 months was appointed based on patient’s response
to treatment and motivation. Last follow-up visit (LFV) in this study was defined as the last
control visit of the patients done by the periodontist before 31 October 2022. Patients were
not invited for an additional visit in the context of this study. The follow-up frequency (FUF)
was created to indicate the difference between individuals adhering to strict periodontal
recall visits and individuals with irregular maintenance visits.

Based on patient records, compliance was assessed retrospectively using predefined
criteria primarily related to attendance at supportive periodontal therapy visits. Patients
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were initially categorized into five compliance levels (‘excellent’, ‘good’, ‘moderate’, ‘bad’
and ‘no compliance’) based on follow-up frequency and appointment adherence. For ana-
lytical purposes, these categories were dichotomized into ‘compliance’ (‘excellent’, ‘good’,
and ‘moderate’) and ‘non-compliance’ (‘bad’ and ‘no compliance’). Patients classified as
compliant attended regular follow-up visits at intervals of six or twelve months, whereas
non-compliant patients showed irregular attendance or long interruptions in follow-up.
Periodontal examination results were used descriptively to characterise the groups but
were not used as primary criteria for compliance classification. Compliance classifica-
tion was performed by a single experienced periodontist using standardized criteria to
ensure consistency. Although some degree of subjectivity is inherent to retrospective file-
based assessments, the use of predefined attendance-related criteria aimed at minimizing
misclassification and observer bias.

2.2. Periodontal Index

In this retrospective study data from the initial and last comprehensive full-mouth
periodontal screening was used. The Dutch Periodontal Screening Index (DPSI) [14]
was used as the primary tool for periodontal assessment, derived from the Community
Periodontal Index of Treatment Needs (CPITN) [15]. For the interpretation of the results,
DPSI scores were seamlessly converted to their corresponding CPITN values.

2.3. Radiographic Evaluation and Measuring Protocol

To assess the bone loss on all mandibular incisors, the full root length and the most
severe site of bone resorption on each of the incisors were examined on analogue radio-
graphs (X-ray visit 1). The relative bone loss per tooth was calculated as follows: divide
the total root length by the length of the root still covered in the mandibula at the most
impacted location of the tooth × 100.

Different instruments were examined: a standard periodontal probe (accuracy up to
1 mm), a calliper (CA) (up to 0.1 mm) and an electronic calliper (up to 0.01 mm). Based on
the intraclass correlation, the reliability of the researcher between the two assessments and
between the two consecutive days were good to excellent (Table 1). To assess procedural
accuracy and researcher reliability (BDB), root length and bone resorption of the most
affected tooth were measured using three instruments in 10 randomly selected cases.
This procedure was repeated after one hour. The researcher measured the same teeth
twice more with a one-hour brake on a different day. All measurements were accurate or
excellent with all three different tools, meaning that the measuring accuracy by our one
investigator suffices. A Bland–Altman test revealed that the most accurate measurements
on an analogue radiograph were made by using a CA. Therefore, the CA was used for all
the measurements.

Table 1. Reliability of measurements.

Reliability Between the 2 Measurements Reliability Between the 2 Consecutive Days

Day 1 Day 2 Day 1&2 1st measurement 2nd measurement Mean
ICC intraclass correlation ICC intraclass correlation

Perio probe 0.7730 0.7727 0.7729 0.9110 0.9437 0.9501
Calliper 0.7998 0.7888 0.7946 0.8661 0.9467 0.9407
e-Calliper 0.7646 0.8184 0.7898 0.8821 0.9718 0.9634

Pearson correlation Pearson correlation
Perio probe 0.7730 0.7727 0.7698 0.9110 0.9437 0.9501
Calliper 0.7998 0.7888 0.7842 0.8661 0.9467 0.9407
e-Calliper 0.7646 0.8184 0.7890 0.8821 0.9718 0.9634
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2.4. Statistical Analysis

Statistical analysis was performed in R [16,17]. A univariate comparison of unpaired
groups was done with Fisher’s Exact test for categorical data. The Mann–Whitney U-
test, Wilcoxon-matched-pairs signed-ranks test and Kruskal–Wallis ANOVA were used to
compare ordinal and continuous variables. The preference for non-parametric statistics is
justified in the context of often skewed data and small sample sizes.

Survival rates were calculated by the method of Kaplan and Meier [18], with a 95%
confidence interval. Event-free patients can be considered as uninformative censoring,
all with the same probability of risk, as they all were still in follow-up at the time of
informed consent approval. No further sensitivity analysis for overall survival has been
performed. The log-rank test was used to discover whether some survival functions differ
between groups, whereby the effect of co-variables was analysed by Cox regression [19].
The significance level was set at α = 0.05. The patient was set as statistical unit.

3. Results
All patient records from a private periodontal practice were screened to identify

patients diagnosed with stage III/C or IV/C periodontitis. Additional exclusions were ap-
plied when not all four mandibular incisors demonstrated at least 50% bone loss. Complete
treatment and follow-up records were initially available for 100 patients; however, seven
were subsequently excluded due to missing periodontal parameters or radiographic data.
However, these drop-outs did not show any complications at LV. Consequently, 93 patients
were included in the final study population.

The mean follow-up period was 17.7 years (5–32 yrs). The gender distribution was
homologous (males: 46.2%, females: 53.8%). The mean age was 49.7 years (33–73 yrs), with
no statistically significant (SS) difference in survival (p = 0.46). Similar results were found for
the gender distribution (p = 0.37). Follow-up frequency varies between 5.3 and 31.9 years.
After 10 years, 82.8% of patients (n = 77) remained in the study, and at 15 years, 65.6%
(n = 61). By 20 years, 34.4% of patients (n = 32) remained in the study; after 25 years, 19.4%
(n = 18); and after 30 years, 2.2% (n = 2). The group consisted of 13 smokers, with no SS
difference in survival (p = 0.310). Constant findings for survival were observed in diabetes
patients (n = 6; p = 0.380) and those with bisphosphonate use (n = 3; p = 0.140), as well as for
the daily consumption of four or more medications (n = 27; p = 0.970). None of the patients
needed additional surgical treatment. Only re-instrumentation of sites with persisted
bleeding on probing (BoP) and probing pocket depths (PPDs) of ≥5 mm were performed.

The re-evaluation at LFV showed a survival distribution of 79.6% for CS, 12.9% for PS
and 7.5% for TF. In the TF group (n = 7), the initial failure occurred after 7.6 years (2nd: 10.1,
3rd–7th: within the range of 17.5–24.8). In the PS group (n = 12), none of the patients
lost three teeth. Only 9 out of 12 lost one tooth. In this last group, the initial event was
9.5 years into the follow-up, and the last patients, after 27.0 years. Only three patients
lost two teeth (range: 17.9–24.6 yrs). Regarding the survival probability (Figure 1), after
5 years of follow-up there is 99% (95% CI: 0.97–1.0) survival. At the 10-year follow-up, the
survival probability is 94% (95% CI: 0.89–0.99); 15-year follow-up, 91% (95% CI: 0.86–0.98);
and 20-year follow-up, 78% (95% CI: 0.69–0.90). The survival of all mandibular incisors
independently indicates that tooth 3.1 was lost 14 times; tooth 4.1, eleven times; tooth 3.2,
ten times; and tooth 4.2, only 8 times. The mean survival time up to 25 years is respectively
75%, 77%, 78% and 83% per tooth.

Regarding the general periodontal health of the patient population, at GR 34 patients
scored a CPITN of 0–2. Scores of 3 and 4 were documented for 53 and 6 patients respectively.
When evaluating this index at LV, there were 42, 42 and 9 patients in the CPITN scores of
0–2, 3 and 4 respectively, showing a shift from CPITN 3 towards the 0–2 group. For the
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overall number of failures (partial and total, n = 19) 5 failed with a general CPITN score of
0–2; 9 failed with a score of 3; and 5 failed with a score of 4.

   

(a)  (b) 

Figure 1. (a) Survival probability after 32-year follow-up; (b) effective survival probability after
32-year follow-up.

During the study follow-up, several patients (n = 12) experienced the loss of one or
two mandibular incisors. In 8 cases, the extracted tooth was repositioned and stabilized
with a splint, ensuring preservation of function. One patient lost two incisors, which were
similarly managed with this approach. These 9 patients in this subgroup completed the
study with their repositioned tooth/teeth. At LFV, this ‘effective survival group’ showed an
effective survival distribution for the different groups of 89.2% for CS, 3.2% for PS and 7.5%
for TF. Regarding the effective survival probability over time, after five years of follow-up
there is 99% (95% CI: 0.97–1.0) effective survival. At the 10-year follow-up there is 95%
(95% CI: 0.91–1.0) effective survival; 15-year follow-up, 95% (95% CI: 0.91–1.0); and 20-year
follow-up, 89% (95% CI: 0.81–0.98).

Bone loss was measured throughout the different groups and time points: at intake
(Figure 2) and LFV. Comparing survival to mean bone loss at intake revealed an SS differ-
ence between groups (p = 0.021). The mean bone loss was 58.8% in the CS group, 62.5% in
the PS group, and 62.9% in the TF group. At LFV, the CS group had a mean bone loss of
60.0%, while the PS group showed 64.9% mean bone loss. The difference was borderline SS
(p = 0.070) between these two groups.

The p-values for both compliance groups were significant (p < 0.001 and p = 0.014 re-
spectively) according to Kaplan–Meier (Figure 3). When comparing motivation to survival,
the SS result was confirmed (p = 0.007). The effective survival rate for the CS group in the
non-compliance group is 64.7%, whereas it is 88.1% in the compliance group. Considering
the difference in motivation between men (60.5%) and women (66.0%), no SS difference
was observed (p = 0.667). Cox regression, as a multivariate approach to control for potential
confounders, such as age, gender, medication usage, smoking and diabetes, showed no
effect on the significant differences in survival outcome.

Treatment effects compared on bone loss percentages at intake and LFV did not SS
differ between the CS and PS group (p = 0.521). The average bone loss percentage at intake
was compared to both compliance groups. For the compliance group, no SS difference for
survival was observed (p = 0.986). On the contrary for the non-compliance group there was
an SS difference (p = 0.033).

Splinting before initial therapy was SS associated with mandibular incisor survival
(p = 0.012). In the patient group (n = 10) with splinted teeth, four patients lost teeth (one
patient lost one tooth, one lost two teeth, and two lost all incisors). In this group 100%
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of tooth loss resulted from periodontal disease. The splint cohort accounted for 35.4% of
periodontal mandibular incisor losses (n = 11 of 31) in the overall study population. In total
43 incisors were lost, and in the non-splinted group, 20 for periodontal reasons. Another 12
were lost due to other reasons.

Figure 2. Comparing survival to mean bone loss at intake revealed a statistically significant difference
between groups (p = 0.21).

Figure 3. Comparison of motivation to survival. The SS result was confirmed (p = 0.007).

Patients with a periodontal splint had on average 6.1% greater initial bone loss at
intake than those without (65.0% vs. 58.9% respectively, p < 0.001). This may contribute
to the increased risk of mandibular incisor loss, with an odds ratio of 4 in the splinted
cohort. Bone loss at intake was SS greater in patients who lost a mandibular incisor due to
periodontal reasons compared to those who did not (mean percentages of 62.6% vs. 59.0%
respectively, p = 0.020).

Follow-up frequency was categorized into regular and irregular maintenance groups,
showing borderline SS (p = 0.062), possibly due to a lack of statistical power. The regular
maintenance group achieved 82.1% in the CS category, while the irregular group obtained
55.6% in the CS category. Considering the difference in FUF between men (90.7%) and
women (90.0%), no SS difference was observed (p = 1.0).
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In relation to the periodontal status, mandibular incisors showed an SS lower survival
probability when CPITN 4 was observed at GR (p = 0.004) (Figure 4) compared to the
groups “CPITN 0–2” and “CPITN 3”. This trend persisted at LFV (p = 0.0024).

Figure 4. Mandibular incisors showed a statistically significant lower survival probability when
CPITN 4 was observed at general re-evaluation (p = 0.004).

The impact of a full-mouth retreatment throughout the whole follow-up period (n = 35)
(involving non-surgical intervention pockets ≥ 5 mm) SS demonstrated no additional loss of
mandibular incisors compared to patients who did not require retreatment (p = 1.0). Among
the 35 patients undergoing retreatment, 23 also required retreatment of the mandibular
incisors. The statistical analysis revealed no SS difference in tooth loss when compared
to no mandibular incisor retreatment (p = 0.510). These findings (Figure 5) emphasise the
efficacy of the retreatment protocol in maintaining mandibular incisor retention irrespective
of the need for site-specific retreatment.

When interpreting the results in the context of overall oral health status, the following
findings were observed. Between the three different groups the number of occluding units
did not significantly impact survival (p = 0.226). Meanwhile, the total amount of teeth
lost during the entire follow-up period showed an SS difference compared to survival
(p < 0.001).

The loss of mandibular incisors (n = 43) can be attributed to: periodontal issues (n = 31),
aesthetic reasons (n = 8), medication use (n = 1), endodontic reasons (n = 2), and root fracture
(n = 1). The reasons for loss of all incisors at once include: aesthetic reasons (n = 2), after
91 and 211 months, and periodontal breakdown: 5 patients (range 122–298 months).

According to the periodontal classification of Armitage et al., both groups (chronic
and aggressive periodontitis) showed no significant differences in survival (p = 0.60). Using
the most recent classification of Papapanou et al., the majority of the study population was
classified into stage 4 grade C (n = 90). This reclassification aligns more closely with the
study’s results, lending greater coherence to the findings within the context of the new
classification (Figure 6).
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(a)    (b)   

Figure 5. (a) Survival probability when a general retreatment was performed; (b) survival probability
when mandibular incisors were retreated. Retreatment protocol effectively maintained mandibular
incisor retention independent of the need of site-specific intervention.

   

(a)  (b) 

Figure 6. (a) No significant difference in survival was observed between chronic and aggressive
periodontitis (p = 0.60); (b) the updated classification demonstrated a greater concordance with the
outcomes of the present study.

4. Discussion
Some patients are not always able to afford a fixed/implant-supported treatment.

But a partial denture is not the most effective solution for periodontally affected patients.
Avoiding a provisional removable partial denture can be beneficial for the periodontal treat-
ment outcome. Another reason is obtaining additional time for patients with a shortened
life expectancy (e.g., fatal disease). This retrospective study evaluated the survival and
effective survival rate of mandibular incisors exhibiting >50% bone loss within a structured
recall program.

This demonstrated a high long-term survival and effective survival rate. The re-
evaluation at LFV confirmed that 79.6% of the patients retained all four incisors (survival
rate) and an effective survival rate of 89.2%. This suggests that with adequate treatment and
follow-up, the need for extraction of mandibular incisors with >50% bone loss at baseline
can be significantly delayed or avoided. Extracted teeth repositioned with a dental splint
could prolong the survival of the other incisors. All repositioned incisors survived until the
end of the study follow-up, maintaining the functional and aesthetic integrity. Regarding
the TF group (7.5%), the first failure occurred only after 7.6 years. Of this group, 71% had a
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failure range between 17.5 and 24.8 years. Two patients were classified as such because of
an aesthetic replacement, but these patients still kept their proper teeth for a significant
amount of time. After 20 years of follow-up, the survival probability is 78%, while the
effective survival probability increased to 89%. With a challenging periodontal context
(stage 4 grade C), long-term treatment is a viable option. Even the two patients with a
maximum survival time of 32 years kept all incisors during the entire study.

The concept of “effective survival” includes repositioned and splinted mandibular
incisors after extraction. Splinting does not restore lost periodontal support but rather
modifies the biomechanical environment of periodontally compromised teeth [12]. By
reducing individual tooth mobility, it redistributes the occlusal load across multiple teeth.
The remaining periodontal ligament may undergo decreased mechanical stress, thereby
reducing secondary trauma and creating conditions more favourable for functional sta-
bilization. From a biological perspective, reduced mobility could facilitate periodontal
ligament adaptation [20]. This does not imply periodontal regeneration but rather a func-
tional adaptation of the reduced periodontium. During supportive periodontal therapy
splinting may support long-term maintenance by allowing compromised teeth to function
within a stabilized biomechanical unit. Consequently, the concept of effective survival
should be interpreted primarily as functional maintenance rather than pure biological
survival. Splinted teeth remained functional, contributing to the aesthetic aspect as well
as the patient’s comfort. Nevertheless, their long-term prognosis depends on continued
maintenance and inflammation control. This distinction between biological stability and
functional preservation is important when interpreting long-term outcomes.

In the literature, only one study by Sonnenschein et al. (2022) [21] is relatively com-
parable. But only ‘at least one incisor with ≥50% breakdown’ was required; all patients
received a splint; and at the baseline, they had 39 patients. Their 15-year follow-up is based
on 4 patients (10.3%) of the original population. In this study at the same time point 65.5%
(n = 61) were still present. The general periodontal health of their patient population was
not evaluated.

The generally accepted risk factors (smoking, diabetes, etc.) did not show any statisti-
cally significance in the present research. This finding is likely attributable to the relatively
small number of patients presenting with these risk factors, as the study was underpowered
to draw definitive conclusions regarding their potential influence.

The importance of patient motivation and compliance is well documented [22,23].
The present study confirmed that good patient compliance almost doubled the effective
survival and consequently the survival of the mandibular incisors in comparison with poor
compliance. Tooth survival and patient compliance are likely associated underlying biolog-
ical mechanisms. Regular supportive periodontal therapy repeatedly disrupts dysbiotic
biofilm accumulation, thereby limiting reactivation of the host inflammatory response. The
shift from CPITN 3 or 4 towards healthier categories observed at re-evaluation supports
the concept that long-term inflammation control leads to periodontal tissue stability, rather
than continued destruction. Consequently, maintenance therapy is both a behavioural
factor, as well as a biologically driven intervention maintaining host–microbial homeostasis.
Long-term effective survival of periodontal treatment together with patient education and
regular maintenance leads to long-term survival of teeth. This was not only detectable for
mandibular incisors but for the entire dentition. However, direct comparisons between stud-
ies remain limited, as differences in maintenance protocols, case selection, baseline disease
severity and definition of tooth survival may substantially influence reported outcomes,
as highlighted in recent systematic reviews and meta-analyses [24–26]. A comparison of
the current results with the existing literature is difficult as the latter report solely on all
teeth being splinted before initial periodontal therapy [27–29]. The current study primarily
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focusses on periodontal treatment of severely compromised teeth, with tooth splinting only
in a limited number of cases (9.7%). Regarding the general periodontal health of the patient
population, at GR 34 patients scored a CPITN of 0–2. When evaluating this 0–2 score at LV,
there were 42 patients in this group, showing a shift from CPITN 3 towards the 0–2 group.
A borderline statistical significance was observed for follow-up frequency as compared to
survival and should be considered a clinically relevant factor. When patients experienced a
recurrence of the periodontal colonisation during maintenance, a new subgingival debride-
ment session was scheduled. Retreatment showed maintenance of periodontal stability,
highlighting the effectiveness of only non-surgical retreatment over decades, as none of the
patients underwent surgical treatment during the entire study period.

This study compared the periodontal classifications of Armitage and Papapanou
et al., revealing key differences in clinical applicability. Under Armitage’s classification,
no statistical difference in survival was found between chronic or aggressive periodontitis.
Applying the Papapanou classification, the majority (97%) of subjects fell into the Stage
IV, Grade C category. This homogeneity provided a more coherent representation of
the clinical severity and aligns better with observed outcomes. The newer classification
offers improved clinical relevance and reflects the progressive nature of the disease more
accurately in the context of long-term follow-up.

van Winkelhoff et al. (1992) [30] introduced the adjunctive use of a combination
antibiotic therapy in periodontal treatment. Their main target group were patients with an
aggressive periodontitis characterized by the presence of Aggregatibacter Actinomycetem-
comitans and Porphyromonas Gingivalis. Even with the available literature, no antibiotics
were prescribed during the entire treatment, 1990–2022 The recent literature indicates that
systemic antimicrobials are no longer a part of conventional first-line therapy. They are
an adjunctive therapy, considered in specific periodontitis cases [31]. Due to the relevant
negative consequences of systemic antimicrobials, their use should be restricted, being
always prudent and rational and following protocols [32,33]. Although no antimicrobials
were prescribed the effective survival rate is 89% up to 20 years. In selected patients,
mechanical biofilm disruption and long-term inflammation control may be sufficient. This
may be supported by the favourable outcomes achieved without systemic antimicrobials in
this study.

The number of occluding units did not SS influence mandibular incisor survival,
suggesting that functional loading alone is not a critical determinant. A. Käyser (1981) [34]
introduced the shortened dental arch concept, confirmed multiple times [35,36], which is
in line with the present results. Total tooth loss over the follow-up period was SS associ-
ated with mandibular incisor survival (p < 0.001). This highlights the broader systemic or
behavioural implications of ongoing tooth loss, potentially reflecting patient-level factors
such as compliance, general periodontal breakdown or reduced overall prognosis. Interest-
ingly, biomechanical loading (e.g., bite force, occlusal trauma, etc.) alone might not be a
primary risk factor of tooth failure when inflammatory control is achieved. This conclusion
could be based on the absence of a significant effect of occluding units on survival [37].
The favourable long-term tooth retention observed in this cohort may be attributed to
sustained control of periodontal inflammation following active therapy and supportive
care. Resolution of inflammation reduces destructive host responses and limits further
bone resorption, thereby allowing remodelling processes to establish a functionally stable,
though structurally reduced, periodontium. In this context, long-term retention appears to
reflect biological stabilization rather than complete regeneration [38].
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5. Conclusions
The present study indicates that long-term preservation of severely periodontally

compromised mandibular incisors is feasible when treatment is followed by structured
supportive periodontal care. Patient compliance and sustained inflammation control
appear to be decisive factors in maintaining stability over time. After 20 years the survival
probability was 78%, and the effective survival probability, 89%.

These findings support a conservative, tooth-preserving strategy in cases with ad-
vanced bone loss, as extraction and prosthetic replacement may often be postponed or
avoided. Functional and aesthetic integrity can be maintained for extended periods, pro-
vided that patients adhere to lifelong periodontal maintenance.

Author Contributions: Conceptualization, B.D.B. and H.D.B.; methodology, B.D.B., H.D.B., G.V.M.
and V.C.; software, B.D.B., H.D.B. and G.V.M.; validation, B.D.B., H.D.B., G.V.M., S.T. and V.C.; formal
analysis, B.D.B., H.D.B., G.V.M., S.T. and V.C.; investigation, B.D.B. and H.D.B.; resources, B.D.B. and
H.D.B.; data curation, B.D.B., H.D.B. and G.V.M.; writing—original draft, B.D.B.; writing—review and
editing, B.D.B., H.D.B., G.V.M., S.T. and V.C.; visualization, B.D.B., H.D.B. and G.V.M.; supervision,
H.D.B., G.V.M., S.T. and V.C.; project administration, B.D.B., H.D.B. and V.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of UNIVERSITEIT
GENT (protocol code ONZ-2022-0608; approval on 2 February 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Conflicts of Interest: Prof. Véronique Christiaens declares a collaboration agreement with Denstply
Sirona (Charlotte, NC, USA). The remaining authors declare no conflicts of interest.

References
1. Axelsson, P.; Nystrom, B.; Lindhe, J. The long-term effect of a plaque control program on tooth mortality, caries and periodontal

disease in adults: Results after 30 years of maintenance. J. Clin. Periodontol. 2004, 31, 749–757. [CrossRef]
2. Schatzle, M.; Loe, H.; Lang, N.P.; Burgin, W.; Anerud, A.; Boysen, H. The clinical course of chronic periodontitis. J. Clin. Periodontol.

2004, 31, 1122–1127. [CrossRef]
3. Karimbux, N.Y.; Saraiya, V.M.; Elangovan, S.; Allareddy, V.; Kinnunen, T.; Kornman, K.S.; Duff, G.W. Interleukin-1 gene

polymorphisms and chronic periodontitis in adult whites: A systematic review and meta-analysis. J. Periodontol. 2012,
83, 1407–1419. [CrossRef]

4. Araujo, A.C.; Gusmao, E.S.; Batista, J.E.; Cimoes, R. Impact of periodontal disease on quality of life. Quintessence Int. 2010,
41, 111–118.

5. Papapanou, P.N.; Sanz, M.; Buduneli, N.; Dietrich, T.; Feres, M.; Fine, D.H.; Flemmig, T.F.; Garcia, R.; Giannobile, W.V.; Graziani,
F.; et al. Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the Classification of Periodontal and
Peri-Implant Diseases and Conditions. J. Periodontol. 2018, 89, S173–S182. [CrossRef] [PubMed]

6. Armitage, G.C. Development of a classification system for periodontal diseases and conditions. Ann. Periodontol. 1999, 4, 1–6.
[CrossRef] [PubMed]

7. Foz, A.M.; Artese, H.P.; Horliana, A.C.; Pannuti, C.M.; Romito, G.A. Occlusal adjustment associated with periodontal therapy: A
systematic review. J. Dent. 2012, 40, 1025–1035. [CrossRef] [PubMed]

8. Pjetursson, B.E.; Heimisdottir, K. Dental implants: Are they better than natural teeth? Eur. J. Oral Sci. 2018, 126, 81–87. [CrossRef]
[PubMed]

9. McGuire, M.K.; Nunn, M.E. Prognosis versus actual outcome. III. The effectiveness of clinical parameters in accurately predicting
tooth survival. J. Periodontol. 1996, 67, 666–674. [CrossRef] [PubMed]

10. Dattani, S.; Rodes-Guirao, L.; Ritchie, H.; Ortiz-Ospina, E.; Roser, M. Life Expectancy; Our World in Data: Oxford, UK, 2023.
Available online: https://ourworldindata.org/life-expectancy (accessed on 5 January 2025).

https://doi.org/10.3390/jcm15062129

https://doi.org/10.1111/j.1600-051X.2004.00563.x
https://doi.org/10.1111/j.1600-051X.2004.00634.x
https://doi.org/10.1902/jop.2012.110655
https://doi.org/10.1002/JPER.17-0721
https://www.ncbi.nlm.nih.gov/pubmed/29926951
https://doi.org/10.1902/annals.1999.4.1.1
https://www.ncbi.nlm.nih.gov/pubmed/10863370
https://doi.org/10.1016/j.jdent.2012.09.002
https://www.ncbi.nlm.nih.gov/pubmed/22982113
https://doi.org/10.1111/eos.12543
https://www.ncbi.nlm.nih.gov/pubmed/30178552
https://doi.org/10.1902/jop.1996.67.7.666
https://www.ncbi.nlm.nih.gov/pubmed/8832477
https://ourworldindata.org/life-expectancy
https://doi.org/10.3390/jcm15062129


J. Clin. Med. 2026, 15, 2129 13 of 14

11. Schimmel, M.; Muller, F.; Suter, V.; Buser, D. Implants for elderly patients. Periodontol. 2000 2017, 73, 228–240. [CrossRef]
12. Lindhe, J.; Nyman, S. The role of occlusion in periodontal disease and the biological rationale for splinting in treatment of

periodontitis. Oral Sci. Rev. 1977, 10, 11–43. [PubMed]
13. Brignardello-Petersen, R. Good long-term prognosis of splinted anterior mandibular teeth in patients who adhere to supportive

periodontal therapy. J. Am. Dent. Assoc. 2017, 148, e182. [CrossRef]
14. Van der Velden, U. The Dutch periodontal screening index: Validation and its application in The Netherlands. J. Clin. Periodontol.

2009, 36, 1018–1024. [CrossRef]
15. Ainamo, J.; Barmes, D.; Beagrie, G.; Cutress, T.; Martin, J.; Sardo-Infirri, J. Development of the World Health Organization (WHO)

community periodontal index of treatment needs (CPITN). Int. Dent. J. 1982, 32, 281–291.
16. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,

2024. Available online: https://www.r-project.org/ (accessed on 1 December 2024).
17. Therneau, T. A Package for Survival Analysis in R. Version 3.5-8; R Foundation for Statistical Computing: Vienna, Austria, 2024.

Available online: https://CRAN.R-project.org/package=survival (accessed on 1 December 2024).
18. Kaplan, E.L.; Meier, P. Nonparametric estimation from incomplete observations. J. Am. Stat. Assoc. 1958, 53, 457–481.

[CrossRef]
19. Cox, D.R. Regression models and life-tables. J. R. Stat. Soc. B 1972, 34, 187–202. [CrossRef]
20. Burgett, F.G.; Ramfjord, S.P.; Nissle, R.R.; Morrison, E.C.; Charbeneau, T.D.; Caffesse, R.G. A randomized trial of occlusal

adjustment in the treatment of periodontitis patients. J. Clin. Periodontol. 1992, 19, 381–387. [CrossRef] [PubMed]
21. Sonnenschein, S.K.; Ciardo, A.; Kilian, S.; Ziegler, P.; Ruetters, M.; Spindler, M.; Kim, T.S. The impact of splinting timepoint of

mobile mandibular incisors on the outcome of periodontal treatment: Preliminary observations from a randomized clinical trial.
Clin. Oral Investig. 2022, 26, 921–930. [CrossRef]

22. Axelsson, P.; Lindhe, J. Compliance of patients with maintenance care in relation to oral hygiene and periodontal condition.
J. Clin. Periodontol. 2002, 29, 102–107.

23. Campos, I.S.O.; de Freitas, M.R.; Costa, F.O.; Cortelli, S.C.; Rovai, E.S.; Cortelli, J.R. The effects of patient compliance
in supportive periodontal therapy on tooth loss: A systematic review and meta-analysis. J. Int. Acad. Periodontol. 2021,
23, 17–30. [PubMed]

24. Howe, M.S.; Richards, D. Ten-year survival of posterior teeth in patients with periodontitis following systematic periodontal
treatment: A systematic review and meta-analysis using only open-access evidence and analytic tools. J. Dent. 2026, 165, 106299.
[CrossRef] [PubMed]

25. Chen, X.; Xu, C.; Wu, Y.; Zhao, L. The survival of periodontally treated molars in long-term maintenance: A systematic review
and meta-analysis. J. Clin. Periodontol. 2024, 51, 631–651. [CrossRef] [PubMed]

26. Chambrone, L.; Chambrone, D.; Lima, L.A.; Chambrone, L.A. Predictors of tooth loss during long-term periodontal maintenance:
A systematic review of observational studies. J. Clin. Periodontol. 2010, 37, 675–684. [CrossRef]

27. Graetz, C.; Ostermann, F.; Woeste, S.; Sälzer, S.; Dörfer, C.E.; Schwendicke, F. Long-term survival and maintenance efforts of
splinted teeth in periodontitis patients. J. Dent. 2019, 80, 49–54. [CrossRef]

28. Golob Deeb, J.; Carrico, C.K.; Miller, A.; Bennett, J.; Ghassemi, A. Maintenance of periodontally compromised teeth using
periodontal splints. Int. J. Dent. 2025, 2025, 7119673. [CrossRef]

29. Zhang, Y.; Kang, N.; Xue, F.; Duan, J.; Chen, F.; Cai, Y.; Luan, Q. Survival of nonsurgically splinted mandibular anterior teeth
during supportive maintenance care in periodontitis patients. J. Dent. Sci. 2023, 18, 229–236. [CrossRef] [PubMed]

30. van Winkelhoff, A.J.; Tijlhof, C.J.; de Graaff, J. Microbiological and clinical results of metronidazole plus amoxycillin therapy in
Actinobacillus actinomycetemcomitans-associated periodontitis. J. Periodontol. 1992, 63, 52–57. [CrossRef]

31. Herrera, D.; Sanz, M.; Jepsen, S.; Needleman, I.; Roldan, S. Systematic review on the effect of systemic antimicrobials as an adjunct
to scaling and root planing in periodontitis patients. J. Clin. Periodontol. 2002, 29, 136–159. [CrossRef]

32. Collins, J.R.; Ogando, G.; González, R.; Figuero, E.; Marín, M.J.; Sanz, M.; Herrera, D. Adjunctive efficacy of systemic metron-
idazole in the surgical treatment of periodontitis: A double-blind parallel randomized clinical trial. Clin. Oral Investig. 2022,
26, 4195–4207. [CrossRef] [PubMed]

33. Sanz, M.; Herrera, D.; Kebschull, M.; Chapple, I.; Jepsen, S.; Beglundh, T.; Sculean, A.; Tonetti, M.S. Treatment of stage I–III
periodontitis—The EFP S3 level clinical practice guideline. J. Clin. Periodontol. 2020, 47, 4–60. [CrossRef] [PubMed]

34. Kayser, A.F. Shortened dental arches and oral function. J. Oral Rehabil. 1981, 8, 457–462. [CrossRef] [PubMed]
35. Kanno, T.; Carlsson, G.E. A review of the shortened dental arch concept focusing on the work by the Kayser/Nijmegen group.

J. Oral Rehabil. 2006, 33, 850–862. [CrossRef] [PubMed]
36. Witter, D.J.; Kreulen, C.M.; Mulder, J.; Creugers, N.H. Signs and symptoms related to temporomandibular disorders: Follow-up

of subjects with shortened and complete dental arches. J. Dent. 2007, 35, 521–527. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15062129

https://doi.org/10.1111/prd.12166
https://www.ncbi.nlm.nih.gov/pubmed/335305
https://doi.org/10.1016/j.adaj.2017.08.036
https://doi.org/10.1111/j.1600-051X.2009.01495.x
https://www.r-project.org/
https://CRAN.R-project.org/package=survival
https://doi.org/10.1080/01621459.1958.10501452
https://doi.org/10.1111/j.2517-6161.1972.tb00899.x
https://doi.org/10.1111/j.1600-051X.1992.tb00666.x
https://www.ncbi.nlm.nih.gov/pubmed/1634627
https://doi.org/10.1007/s00784-022-04654-z
https://www.ncbi.nlm.nih.gov/pubmed/33512339
https://doi.org/10.1016/j.jdent.2025.106299
https://www.ncbi.nlm.nih.gov/pubmed/41391755
https://doi.org/10.1111/jcpe.13951
https://www.ncbi.nlm.nih.gov/pubmed/38317331
https://doi.org/10.1111/j.1600-051X.2010.01587.x
https://doi.org/10.1016/j.jdent.2018.10.009
https://doi.org/10.1155/ijod/7119673
https://doi.org/10.1016/j.jds.2022.05.025
https://www.ncbi.nlm.nih.gov/pubmed/36643235
https://doi.org/10.1902/jop.1992.63.1.52
https://doi.org/10.1034/j.1600-051X.29.s3.8.x
https://doi.org/10.1007/s00784-022-04392-2
https://www.ncbi.nlm.nih.gov/pubmed/35122549
https://doi.org/10.1111/jcpe.13290
https://www.ncbi.nlm.nih.gov/pubmed/32383274
https://doi.org/10.1111/j.1365-2842.1981.tb00519.x
https://www.ncbi.nlm.nih.gov/pubmed/6975361
https://doi.org/10.1111/j.1365-2842.2006.01625.x
https://www.ncbi.nlm.nih.gov/pubmed/17002745
https://doi.org/10.1016/j.jdent.2007.02.003
https://www.ncbi.nlm.nih.gov/pubmed/17400355
https://doi.org/10.3390/jcm15062129


J. Clin. Med. 2026, 15, 2129 14 of 14

37. Turkistani, K.A.; Alkayyal, M.A.; Abbassy, M.A.; Al-Dharrab, A.A.; Zahran, M.H.; Melis, M.; Zawawi, K.H. Comparison of
occlusal bite force distribution in subjects with different occlusal characteristics. Cranio 2023, 41, 204–211. [CrossRef] [PubMed]

38. Hasturk, H.; Kantarci, A. Activation and resolution of periodontal inflammation and its systemic impact. Periodontol. 2000 2015,
69, 255–273. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15062129

https://doi.org/10.1080/08869634.2020.1830662
https://www.ncbi.nlm.nih.gov/pubmed/33074797
https://doi.org/10.1111/prd.12105
https://www.ncbi.nlm.nih.gov/pubmed/26252412
https://doi.org/10.3390/jcm15062129

	Introduction 
	Materials and Methods 
	Patients’ Care Pathway and Evaluation of Patients’ Files 
	Periodontal Index 
	Radiographic Evaluation and Measuring Protocol 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

