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Background: Periodontitis affects 20%—-50% of the global population and 74.1% of
the population in Indonesia, with 1.1 billion cases worldwide in 2019. Assessing
treatment costs is essential to ensure affordability and optimize outcomes,
particularly in developing countries.

Objective: This study aimed to estimate the treatment cost for stage |-V
periodontitis, evaluate changes in periodontal parameters [plaque index (Pl),
papillary bleeding index (PBI), and calculus index (CD], and analyze both the
relationship and differences between treatment cost, number of visits, and
changes in periodontal status.

Materials and methods: A retrospective observational study of 64 patient records
(2020-2022) from the Periodontology Clinic, Universitas Indonesia Dental Hospital,
was conducted. The medical records of single-visit patients or patients who lacked
data on the periodontal variables in their medical records were excluded. Data
included treatment costs (during the initial, surgical, and supportive phases),
number of visits, and periodontal parameters (PI, PBI, and Cl). A univariate analysis
was performed to describe the distribution of the treatment cost, number of
visits, and periodontal parameters. A bivariate analysis was conducted using
Pearson’s correlation to examine the association between treatment cost,
number of visits, and changes in periodontal parameters, while one-way ANOVA
was used to assess differences in the mean periodontal changes among the
groups with different treatment costs and number of visits, with a significance
threshold of p < 0.05. The statistical analyses were performed using SPSS 26.0.
Results: The univariate analysis showed that the highest mean cost was incurred by
those with stage IV periodontitis (USD 50.45), while the lowest was incurred by
those with stage Ill periodontitis (USD 18.96). Regarding the treatment phases,
the surgical phase incurred the highest mean cost (USD 61.21), whereas the
initial phase incurred the lowest (USD 20.08). The bivariate analysis using
Pearson’s correlation indicated no significant associations between treatment
cost or number of visits and changes in PI, PBI, or ClI (p>0.05). Similarly, the
one-way ANOVA revealed no significant differences in mean changes in PI, PBI,
and Cl across the groups based on treatment cost and number of visits (p > 0.05).
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Conclusion: Treatment cost and number of visits showed no significant
association with periodontal status, suggesting that clinical outcomes are
determined by treatment quality rather than expenditure or frequency of visits.
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treatment costs, periodontitis stages I-1V, periodontitis treatment, periodontal status,

epidemiology

Introduction

Periodontitis is a highly common disease in dental and oral
patients. The prevalence of periodontal disease itself is 20%-50%
globally (1). In 2019, there were 1.1 billion people worldwide
affected by periodontitis (2). In Indonesia, based on data from
the Basic Health Research survey in 2018, the prevalence
reached 74.1% (3). Periodontitis is a prolonged inflammatory
disease in the supporting tissues of the teeth that can lead to the
destruction of gingival attachment, tooth loss, and abscesses (4,
5). Periodontitis is classified based on staging and grading (6).
Staging classification focuses on describing the severity level or
complexity of the periodontitis (6), while grading focuses on
describing the progression of the disease (6). In this study, the
analysis of treatment cost will focus on the staging classification.
The staging classification itself consists of stages I, II, III, and IV
(6). There are several stages in periodontitis treatment, namely
initial evaluation, non-surgical or initial therapy, surgical
therapy, and other treatment (6-9). In periodontitis cases,
management is crucial to prevent the symptoms of the disease,
such as cavities and tooth loss (10).

Issues in health programs and disease management have been
persistent in Indonesia. Based on data from the Basic Health
Research survey (Riskesdas) in 2018, 57.6% of the Indonesian
population experienced oral health problems, with only 10.2%
receiving medical treatment.

Among these, 14% were patients with periodontal disease,
namely, gingivitis and periodontitis. One of the leading causes of
this issue is the insufficient allocation of effectively placed funds by
the government (11, 12). This was mainly due to a lack of
knowledge of the cost of treatment that needs to be prepared and
allocated in government health programs, which commonly occurs
in developing countries (11, 12). Without proper knowledge of
treatment cost, the government and other stakeholders will find it
challenging to address these health issues, even if they have
sufficient funds to finance the treatment of a particular disease (12).
To generate cost estimation data, a cost of treatment analysis is
conducted (13). This analysis involves estimating the cost of
periodontitis treatment (cost) based on periodontal status (clinical
outcomes) and the number of visits (13).

A treatment cost analysis is crucial for the health sector and the
government (14). Both the health sector and the government can use
the results of this analysis to formulate cost reduction strategies,
estimate the economic burden of periodontitis management, and
implement economic evaluations of specialized programs (15, 16).
In 2019, the global economic burden from the cost of treatment
and diseases related to periodontitis reached 52 million USD (17).
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In neighboring Malaysia, the disease burden amounted to a loss of
6.9 million USD (18). It is regrettable that in Indonesia, there is
currently no data on the cost of periodontitis treatment. Therefore,
this research was conducted to estimate the cost of periodontitis
treatment based on periodontal status. The hope is that the
findings of this study can serve as a justification for dental
intervention programs, an economic framework for dental
programs, and a representation of the funding allocation required

by individuals, the government, agencies, and relevant stakeholders.

Materials and methods
Study design

This was a retrospective observational study that used medical
records from the Periodontology Clinic, Dental Teaching Hospital,
Faculty of Dentistry, Universitas Indonesia, from the past 2 years.
This study was approved by the Commission of Ethical Research
in Dentistry, Faculty of Dentistry, Universitas Indonesia, number:
33/Ethical Approval/Universitas Indonesia Faculty of Dentistry/
VIII/2023, with protocol number: 010600823. The cost analysis of
periodontitis treatment for stages I-IV in this study was based on
changes in periodontal status, namely plaque index (PI), papillary
bleeding index (PBI), and calculus index (CI), and the number of
visits to the Dental Teaching Hospital, Faculty of Dentistry,
Normality
correlation (Pearson), and group comparison tests (ANOVA) were

Universitas  Indonesia. (Kolmogorov-Smirnov),

included in the analysis, with significance thresholds of p < 0.05.

Inclusion and exclusion criteria

This research focused on collecting data on patient outcomes
after periodontal treatment to calculate the cost of periodontitis
treatment. The criteria for inclusion were complete and legible
medical records of patients who underwent all treatments from
beginning to end from April 2020 to July 2022. The medical
record should include the diagnosis of the patient’s periodontitis
stage (I-IV) that required treatment at the Periodontology
Dental
Universitas Indonesia.

Clinic, Teaching Hospital, Faculty of Dentistry,

Medical records with incomplete and illegible conditions were
excluded, as were those of patients with a single visit, as
subsequent visits were needed to analyze their treatment outcomes.

Other exclusion criteria were medical records that lacked complete
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patient treatment data and those that lacked data on the variables (PI,
PBI, and CI) from the patient’s first visit and subsequent visits, as
these variables were needed to analyze the changes in treatment
outcomes from one visit to another.

Periodontal status examination

All the parameters were obtained from the medical records.
The PI used was from Greene and Vermillion (19). The PBI
used was from Miihlleman (20). The CI used was from the
Calculus Index-Simplified (CI-S) (21).

Cost analysis

Treatment cost was defined as the overall treatment fee at the
dental hospital and was analyzed to determine whether it had
an effect on the treatment outcome or changes in PI, PBI,
and CI (13). Indirect treatment costs, such as the patient’s
transportation fee or productivity costs, were not included. The
treatment cost was listed as the billing cost in the medical
records from April 2020 to July 2022. The treatment cost was
originally in Indonesian rupiahs and was converted to dollars in
December 2023 (1 USD=Rp 16,031.93) (22). The treatment
sequence comprised a combination of the initial treatment,
reconstructive treatment, surgical treatment, and other treatment
phases that the patients underwent (23-26). The number of
visits was defined as the total number of patient visits from the
initial visit to the final visit that were recorded (14).

Results

Medical
Periodontology Clinic of Dental Teaching Hospital, Faculty of

records were successfully collected from the
Dentistry, Universitas Indonesia, for the period from April 2020
to July 2022. Out of 210 medical records, 64 medical records
were eligible. Table 1 presents the data regarding the age,
gender, and periodontitis stage of the patients. The groups with
the largest number of patients were as follows: the 41-60 years
of age category, female, periodontitis stage III, underwent the
initial treatment sequence, and visited the clinic twice. Table 2
presents the percentage distribution of treatment sequences for
each stage of periodontitis as recorded. For those with
periodontitis stage I, the treatment sequences were evenly
distributed. However, among those with stages II-IV, the initial
treatment sequence was the most common. Table 3 shows the
average total treatment cost based on the periodontitis stage and
treatment phase. The highest average cost was found in stage
IV, while the lowest cost was in stage III. The highest cost was
incurred in the initial and surgery sequence, while the lowest
cost was incurred in the initial treatment sequence. Table 4
presents the average changes in PI, PBI, and CI based on
periodontitis stages and treatment sequences. The highest
average change in PI and CI was found among those with
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TABLE 1 Characteristics of patients with stage |-V periodontitis.

Variable Category Frequenc Percentage
(n) (%)
Age 23

<40 years 343
41-60 years 26 38.8
>60 years 18 26.9
Sex Female 39 58.2
Male 28 41.8
Periodontitis Stage 1 4 6.0
stage Stage 11 11 16.4
Stage I11 31 46.3
Stage IV 21 31.3
Treatment Initial 50 0.8
sequence Initial and other 7 0.1
treatment
Initial and 4 0.1
reconstruction
Number of visits | Initial and surgery 3 0.0
2 times 29 45.3
3 times 22 344
4 times 4 6.3
5 times 4 6.3
6 times 2 3.1
7 times 1 1.6
8 times 1 1.6
12 times 1 1.6

periodontitis stage III, while PBI had the highest among those
with stage I. The highest average changes in PI, PBI, and CI
were found in the initial and other treatment, initial and
surgery, and initial and reconstruction sequence groups,
respectively. Table 5 presents an analysis of periodontitis
treatment cost, which was calculated by dividing the average
treatment cost by the average changes in PI, PBI, and CI. The
lowest treatment costs in diagnosis and sequence are found in
stage IIT and the initial sequence. In diagnosis, the lowest
treatment cost analyses are found all in stage III and in the
initial sequence.

Table 6 presents the results of Pearson’s correlation test,
examining the correlation between treatment cost or number of
visits and changes in PI, PBI, and CI. We found that there was
no significant difference or relationship between treatment cost
or number of visits and changes in PI, PBIL, and CI, as the
p-values were >0.05. In the ANOVA, all three variables had
p-values >0.05. This indicates that there were no significant
differences or relationships between treatment cost or number of

visits and changes in periodontal status.

Discussion

Among the 64 medical records, the age group with the highest
prevalence of periodontitis (stages I-IV) was the 41-60 years age
group. This result resembles that of a study conducted in China, in
which the age group with the highest prevalence was 45-65 years
(27). The number of female patients was higher than that of male
patients in this study, constituting 58.2% of the total. Several
studies have found that periodontitis generally occurs more
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TABLE 2 Distribution of treatment sequences.

Treatment Periodontitis stage |

Periodontitis stage Il

10.3389/fdmed.2025.1684749

Periodontitis stage Il Periodontitis stage IV

sequence

Initial 1 (1.56%) 8 (12.50%) 25 (39%) 16 (25%) 50 (78.13%)
Initial and other 1 (1.56%) 2 (3.13%) 2 (3.13%) 2 (3.13%) 7 (10.94%)
treatment

Initial and 1 (1.56%) 0 (0%) 2 (3.13%) 1 (1.56%) 4 (6.25%)

reconstruction

Initial and surgery 1 (1.56%) 0 (0%) 2 (3.13%) 0 (0.00%) 3 (4.69%)

TABLE 3 Distribution of treatment cost based on periodontitis stage and
treatment sequence.

Variable Treatment cost (USD)

Mean Std. Minimum | Maximum

deviation

Periodontitis stage
Stage I 41.78 23.62 15.88 73.07
Stage 1T 21.57 17.35 9.53 68.94
Stage 11 18.96 16.79 6.35 82.60
Stage IV 50.45 49.14 9.53 162.02
Treatment sequence
Initial 20.08 23.08 6.35 127.07
Initial and other 46.74 27.86 15.88 88.95
treatment
Initial and 59.01 59.42 22.87 147.72
reconstruction
Initial and surgery 61.21 1191 49.24 73.07

TABLE 4 Distribution of changes in PI, PBI, and Cl based on periodontitis
stage and treatment sequence.

Variable Mean A PI ‘ Mean A PBI | Mean A CI

Periodontitis stage

Stage I 0.575 1.343 0.729
Stage II 0.648 0.933 0.810
Stage III 0.862 0.930 0.820
Stage IV 0.791 1.045 0.704
Treatment sequence

Initial 0.79 0.97 1.18
Initial and other treatment 1.04 1.21 1.10
Initial and reconstruction 0.80 1.15 1.38
Initial and surgery 0.95 1.48 1.33

frequently in men as they tend to have smoking habits and are
more prone to diabetes (28-30). However, it is important to
note that in this study, there were multiple inclusion criteria
that needed to be met, and as a result, some patients with
periodontitis were not included in this research.

The majority of the patients had stage III periodontitis,
accounting for 46.3%. This result is consistent with a study that
was conducted using medical records from the Dental Teaching
Hospital, Faculty of Dentistry, Universitas Indonesia, from 2017
to 2019. That study also indicated that periodontitis was
predominantly diagnosed at stage III, particularly in patients
with smoking habits, hypertension, and diabetes (31). Table 1
indicates that the highest percentage for treatment sequence is
the initial sequence, accounting 0.8% percentage of all other
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TABLE 5 Analysis of periodontitis treatment costs from changes in PI, PBI,
and CI based on periodontitis stage and treatment sequence.

Variable Treatment Treatment Treatment
cost (USD)/ | cost (USD)/ | cost (USD)/
Mean 4 PI Mean 4 PBI Mean 4 ClI

Periodontitis stage

Stage I 72.65 31.12 57.27

Stage 11 33.28 23.13 26.65

Stage 1T 21.99 20.39 23.12

Stage IV 63.79 4829 71.70

Treatment sequence

Initial 25.44 20.74 17.06

Initial and 45.07 38.68 4239

other treatment

Initial and 73.99 51.42 4276

reconstruction

Initial and 64.20 41.36 4591

surgery

TABLE 6 Analysis of the relationship between treatment cost (USD) and
number of visits and
with periodontitis.

changes in PI, PBl, and CI in patients

Periodontal status Treatment Number of
cost (USD) visits
r P
A PI —0.084 0.512 0.106 0.402
A4 PBI 0.130 0.304 0.185 0.143
4Cl 0.068 0.594 0.076 0.551

The Kolmogorov-Smirnov normality test (n>50) showed a normal data distribution.
*Pearson’s correlation test; p < 0.05 indicates a significant value.

TABLE 7 Analysis of the relationship between treatment cost (USD) and
number of visits and changes
with periodontitis.

in Pl, PBl, and Cl in patients

Periodontal Treatment cost Number of
status (USD) visits
I p P |
A PI 0.988 0.514

A PBI 0.679 0.181

4Cl 0.758 0.413

The Kolmogorov-Smirnov normality test (7> 50) showed a normal data distribution.
The homogeneity of variance test (p > 0.05) showed a homogeneous data distribution.
*ANOVA; p <0.05 indicates a significant difference.

sequences. This is because initial treatment serves as the early
phase of periodontal treatment and not all treatments require
immediate surgical intervention to eliminate etiological factors,
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especially in the milder stages (31). The predominance of initial
treatment reflects the conservative management of early-stage
periodontitis and the fact that surgical interventions are reserved
for complex cases (31). A majority of the patients visited the
hospital twice. The number of visits varied considerably,
indicating a diverse need for subsequent visits (32).

Stage IV periodontitis incurred the highest treatment cost, which
aligned with various other studies (33). This phenomenon can be
explained by the fact that stage IV periodontitis poses a higher risk
to older patients and has a higher risk of tooth loss (33). The
treatment and maintenance required to manage stage IV
periodontitis are more extensive, hence the higher associated cost
(33). The most expensive treatment sequence was the initial and
surgical sequence, which is required to manage stage IV
periodontitis (34). Table 4 presents the changes in PI, PBI, and CI
among the patients. The highest change in these variables was
found in those with stage III (for PI and CI) and stage IV (for PBI)
periodontitis. This phenomenon can be explained by the
effectiveness of surgical treatment in stage III and IV periodontitis
compared to non-surgical treatment (35). This is due to the nature
of surgical treatment, such as flap surgery, which has better access
to deep periodontal pockets than non-surgical treatment, and thus
has a better success rate in periodontal pocket reduction (35). The
data are contrary to previous explanations, which stated that as the
stage increases, the disease complications also increase (34).
However, this could explain why treatment outcomes are better in
stage III than in stage IV (34).

In a systematic review and meta-analysis, periodontal pockets
with moderate (5-6 mm) or deep (>6 mm) depths are significantly
reduced after patients undergo flap surgery compared to scaling
and root debridement (35). This explains why the largest
decrease in the variables occurred among those with stage IIT
and IV periodontitis, which may be influenced by the age and
sex of the patients (35). It is important to note that the data in
this study were collected from patient visits over a full year
(with potentially long intervals between visits), so the high
effective clinical outcomes may not necessarily be directly
attributed to surgical or other complex treatments. It was found
in Table 5 that stage IV is the highest treatment cost for PBI
and CI. This may be due to the cost of treatment and the
effectiveness of complex treatments (36). However, it should be
noted that highest cost for PI is held by stage I and the lowest
costs for PBI and CI are held by stage III. This indicates that
further research is still needed to clarify the explanations for
this condition.

Tables 6, 7 present the Pearson’s correlation and ANOVA
test results. The bivariate analysis examined the relationship
between treatment cost or number of visits and changes in PI,
PBI, and CI. The data obtained show that there was no
significant relationship or difference between treatment cost or
number of visits and changes in PI, PBI, and CI. This study
concluded that treatment cost and number of visits do not
always significantly influence treatment outcomes (PI, PBI, and
CI). Thus, in resource-limited settings, it should be noted that
these variables do not always contribute to the efficacy
of treatment.
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It should be noted that the cause of changes in PI, PBI, and CI
was not further defined. For example, whether the changes were
due to the diagnosis, treatment sequence, or even the treatment
itself. In the future, further research should analyze more
detailed variables, such as evaluating the outcomes of flap
procedures with or without bone grafts (37). This could help
researchers get more precise answers as to whether treatment
cost, number of visits, and changes in PI, PBI, and CI are
significantly related, especially if the analysis is conducted with a
narrower scope.

This study has several limitations that need to be considered.
First, the retrospective design relies on existing data, which
may be incomplete and subject to bias. Additionally, the small
effective sample size reduces the statistical power and limits
the generalizability of the findings. Potential biases are also
unavoidable, including selection bias and reliance on
retrospectively collected data. Other than that, the study does
not take into account the impact of a patient’s systemic health
lead to

appointments and increase the cost of treatment. Finally, the

on periodontitis, which may more treatment
lack of long-term follow-up restricts our ability to assess any
outcomes that may appear over an extended period. Therefore,

the results should be interpreted with these limitations in mind.

Conclusion

The results of the analysis showed that the highest treatment
cost, based on changes in PI, PBI, and CI, was incurred by
those with stage I and stage IV periodontitis. The lowest
treatment costs for all the treatment sequences were found
among those with stage III periodontitis, based on changes in
PIL, PBI, and CI. The highest treatment cost, based on changes
in PI and PBI, was for the initial and reconstruction sequence.
When based on changes in CI, the highest treatment cost was
for the initial and surgical sequence. The initial sequence
incurred the lowest cost based on all the variables. This study
found that there was no significant relationship between the cost
of periodontitis treatment and changes in periodontal status (PI,
PBI, and CI). Similarly, there was no significant relationship
between changes in periodontal status (PI, PBI, and CI) and the
number of visits.
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