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Abstract

Background: The primary objective of this study was to assess the influence of age and gender 
on changes in oral health, specifically focusing on the variations in the number of decayed, miss-
ing, and restored teeth (DMFT) over time.

Methods: Panoramic radiographs from 2410 individuals aged 18-88 years were assessed using 
the DMFT index. The numbers of decayed (D), missing (M), and restored (F) teeth were recorded 
at 2 distinct time points. The total DMFT score was calculated for each individual, considering 
the quadrants and left/right sides of the mouth. Changes in DMFT scores were analyzed across 
various age groups and between genders. Due to the non-parametric data, statistical analyses 
were performed using Quade's Rank ANCOVA test to control for covariates such as time, age, and 
gender, and to evaluate group differences independently. Post-hoc analyses were performed to 
further explore the impact of demographic variables (P < .05).

Results: The analysis, which compared genders irrespective of age, revealed significant differ-
ences in all quadrants concerning the number of decayed, missing, and restored teeth, as well 
as the DMFT scores, between men and women, with changes observed over time (P < .05). 
Similarly, statistical significance was found among different age ranges (P < .05). Additionally, 
within each age group, gender effects were observed (P < .05). When considering score changes 
for the whole mouth (left and right sides together) there was no statistical significance between 
genders regarding D (P = .349) and F (P = .645) scores.

Conclusion: The median DMFT score increased over time, and there is a direct association with 
gender and age.

Keywords: Dental caries, dental health, DMF Index, oral health

INTRODUCTION

Dental caries is a multifactorial condition influenced by the interplay of biological, 
behavioral, psychosocial, and environmental factors.1 Dental caries is characterized by 
the demineralization of the inorganic component and the degradation of the organic 
component, resulting in a progressive lesion of the dental hard tissues. This process is 
influenced by numerous factors.2 Carious lesions, which represent the prevailing chronic 
bacterial infection worldwide affecting a large part of the world population, present a 
considerable public health concern.3 The Global Burden of Disease (GBD) 2017 study 
showed that the prevalence of dental caries in permanent teeth ranked first among 328 
diseases. It is reported that 2.3 billion of the global population have untreated caries in 

What is already known on 
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different age groups could be 
helpful in shaping governmen-
tal health policies and designing 
effective preventive programs.
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cies to caries formation 
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effective preventive programs.

• Women showed significantly 
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missing teeth compared to 
men, while no significant differ-
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permanent teeth, and more economically developed coun-
tries have the lowest burden of untreated dental caries and 
the highest burden of total tooth loss.4

The DMF index is widely recognized in the dental com-
munity as a standard tool for assessing the severity and 
prevalence of dental caries. This method describes the car-
ies experience by using mean decayed, missing, and filled 
(restored) tooth or surface numbers. It is documented that 
the lifetime prevalence of caries experience has declined 
in the last 40 years in many developed countries.5,6 On the 
other hand, a recent study projected that the age-stan-
dardized prevalence rate of untreated caries in permanent 
teeth may increase until 2049.7 Therefore, it could be sug-
gested that dental caries remain an important concern for 
the global population.

Untreated caries can lead to significant pain and discomfort. 
If the condition progresses to the dental pulp, it may result in 
infection, necrosis, and tooth loss, potentially exacerbating 
or triggering systemic diseases.8 Integrating the prevention of 
non-communicable diseases and oral health can reduce mor-
tality related to cardiovascular diseases, cancer, and diabetes. 
Therefore, particular attention is given to universal dental 
care, representing basic services accessible to all segments of 
the population, and the integration of dental care with other 
health services at the international level.4,9 Additionally, the 
treatment of carious dental lesions imposes a major finan-
cial burden on families and medical systems. Subsequently, 
preventing the formation of new carious lesions and improv-
ing oral health can help to significantly reduce the burden on 
individuals and medical systems.10 Determining the current 
oral health status is a critical factor in shaping governmental 
health policies and designing effective preventive programs. 
By doing so, individuals and communities are empowered to 
take proactive measures to maintain oral health, reduce the 
incidence of oral diseases, and improve overall well-being.

This retrospective study aimed to assess changes over a 
minimum period of 48 months in the number of decayed, 
missing, and restored teeth among individuals attending the 
clinics of Başkent University Faculty of Dentistry, with con-
sideration given to age and gender factors.

MATERIALS AND METHODS

This study qualifies for a waiver of informed consent as it 
involves a retrospective analysis of existing, anonymized 
panoramic radiographs of the participants. Obtaining consent 
is impractical due to the long study period (2009-2019) and 
the inability to re-contact individuals. The research has been 
approved by the local ethics committee (D-KA 24/31).

Panoramic radiographs taken between January 01, 2009, and 
July 01, 2019, were retrospectively examined for radiographic 
evaluations of individuals over the age of 18 who visited the 

Department of Oral, Dental, and Maxillofacial Radiology at 
Başkent University Faculty of Dentistry for dental examina-
tions on 2 occasions, with at least a 4-year interval between 
the visits. A minimum 4-year interval between dental exam-
inations was established, referring to previous longitudinal 
studies.11-13

Only diagnostically acceptable panoramic radiographs with-
out artifacts that would interfere with assessment were 
included in the study. The presence of a recent, high-quality, 
clear panoramic radiograph was the main inclusion criterion. 
Radiographs that were unclear or had distortion, overlapping, 
or positioning errors were excluded from the study.

The total number of decayed (D), missing (M), and restored 
(F) teeth in the panoramic radiographs taken at the indi-
viduals' initial (T0) and subsequent visits (T1) was identi-
fied and recorded separately for the entire mouth and each 
quadrant by a Restorative Dentistry specialist with 20 years 
of clinical and research experience (NA). Third molars were 
excluded from the study. Care was taken to ensure that there 
was at least a 48-month period between T0 and T1 for the 
radiographs included in the study. The differences between 
recorded DMFT scores were calculated using the difference 
formula in Excel (LKK). The distributions of the obtained data 
were evaluated, and comparisons between the groups were 
made based on the changes between T0 and T1. To assess 
the age factor, patients were divided into 4 age groups (18-
34, 35-44, 45-65, and 66 and above), based on previous 
studies.14,15

Statistical Analysis
All statistical analyses were conducted using SPSS version 
25.0 software for Windows (IBM SPSS, Chicago, IL, USA). 
Due to the violation of the normality assumption, Quade's 
Rank ANCOVA test (Quade Test) was employed as the pri-
mary method of analysis. This non-parametric approach is 
particularly suitable for evaluating group differences while 
controlling the effects of covariates in scenarios where para-
metric assumptions cannot be met.

In this study, the Quade test was used to assess differences in 
DMFT (Decayed, Missing, Filled Teeth) scores across various 
groups by adjusting for the influence of covariates such as 
time, age, and gender. Measurements were taken at mul-
tiple time intervals, and the influence of the time variable 
was carefully controlled to ensure that group differences in 
DMFT scores were evaluated independently of time-related 
effects or biases.

The primary objective of the Quade test was to identify dif-
ferences between DMFT groups, rather than to calculate 
relative risks, odds ratios, or hazard ratios. This approach 
allowed the study to focus on understanding the relation-
ships between the variables of interest while minimizing the 
impact of potential confounders.
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In addition to the Quade test, post-hoc analyses were per-
formed to further explore the impact of demographic vari-
ables, including age and gender, on DMFT scores. These 
analyses provided deeper insights into the interplay of these 
factors, enhancing the validity and reliability of the find-
ings. By controlling for time and other covariates, the study 
ensured robust and meaningful conclusions regarding the 
differences in DMFT scores across groups.

RESULTS

A total of 2410 radiographs from participants aged 18 to 88 
years (1389 women and 1021 men) were included in the 
baseline (T0) phase and they were re-evaluated after a sub-
sequent time period (T1).

Radiographic data were categorized according to age ranges 
specified in the methodology, resulting in 4 age groups: 809 
individuals aged 18-34, 494 individuals aged 35-44, 894 
individuals aged 45-65, and 213 individuals aged 66 and 
above. The average age of the participants was “43.” The 
average DMFT scores by age group were as follows: 1.9 for 
individuals aged 18-34, 2.1 for those aged 35-44, 2.2 for 
those aged 45-65, and 2.5 for those aged 66 and older.

Since the data were non-parametric, Quade's Rank ANCOVA 
test (Quade Test) was used as the main analysis method. The 
minimum, maximum, and median values of the changes in 
DMFT scores over time in the whole mouth for women and 
men in different age ranges were represented, Table 1 and all 
of the median values were “1”.

The median values of the changes in DMFT scores over time 
for the entire mouth categorized by age groups were as fol-
lows: 3 for individuals aged 18-34, 5.5 for those aged 35-44, 
1 for those aged 45-65, and 1 for those aged 66 and above, 
encompassing all genders (Table 2).

The median values of the changes in DMFT scores over time 
across the entire mouth are 6.5 for women and 5 for men, 
covering all age groups (Table 3). According to the findings of 
the present study, the effect of gender differed between the 
right and left sides of the mouth. However, when considering 
the F and D scores for the entire mouth, no significant differ-
ence was found between genders. Nevertheless, in terms of 
M and DMFT scores for the whole mouth, greater maximum 
score changes were observed among women.

The average changes in decayed (D), missing (M), and filled 
(F) teeth numbers over time across different quadrants were 
as follows: in the first quadrant, D = −0.1, M = 0.4, F = 0.3; in 
the second quadrant, D = −0.1, M = 0.4, F = 0.3; in the third 
quadrant, D = −0.1, M = 0.3, F = 0.3; and in the fourth quad-
rant, D = −0.1, M = 0.3, F = 0.3.

The average changes in DMFT scores over time in the 
quadrants were as follows: 0.6 in both the first and second 

quadrants, and 0.5 in both the third and fourth quadrants. For 
the right and left sides, the average changes in D, M, and F 
values were as follows: D = −0.2, M = 0.7, F = 0.6, and D = −0.2, 
M = 0.7, F = 0.6, respectively. The average of total DMFT score 
changes on both the left and right sides was 1.1. The median 
values of the changes in DMFT scores over time were 0 for 
the left side and 1 for the right side of the mouth.

Post-hoc tests indicated statistically significant differences in 
all quadrants and sides for changes over time in D, M, and F 
values, as well as DMFT scores, across age groups, regard-
less of gender (P < .05). Additionally, within each age group, 
gender effects were observed (P < .05).

The analysis performing comparisons between genders 
regardless of age revealed significant differences in all quad-
rants and sides in terms of D, M, and F values, as well as 
DMFT scores, between men and women (P < .05). However, 
when considering score changes for the whole mouth (left 
and right sides together) there was no statistical significance 
between genders regarding D (P = .349) and F (P = .645) 
scores.

The average DMFT score changes for both women and men 
were 2.1, with the average score change across the total 
study population also being 2.1 over the study period. The 
average number of decayed teeth decreased from 1.3 to 0.9, 
while the average number of missing teeth increased from 
3.5 to 4.8, and the average number of filled teeth increased 
from 6.6 to 7.8. Consequently, the average DMFT score rose 
from 11.4 to 13.5 over the study period.

DISCUSSION

The control of dental caries formation is essential for inter-
rupting the restorative replacement cycle, which is the result 
of the continuous progression of caries. Restorations that are 
replaced with more extensive ones ultimately lead to den-
tal pulp involvement and endodontic treatment, followed by 
the replacement of crowns, and finally resulting in the loss 
of teeth.16

Previous studies have documented that people with low 
income are at a higher risk of suffering from untreated car-
ies lesions.7,17 The socioeconomic status of patients seek-
ing dental treatment at the Faculty of Dentistry clinics is 
relatively higher compared to that of patients in public 
hospitals. Therefore, this close relationship between den-
tal caries and socioeconomic status should also be con-
sidered while interpreting the results of the present study, 
as limited access to affordable dental care may exacerbate 
disparities in dental caries in studies involving low-income 
individuals.18,19 Moreover, differences exist in oral health 
knowledge, beliefs, and practices between urban and 
rural populations, with urban residents showing a deeper 
understanding of oral disease prevention compared to rural 
participants.20
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Advanced age is closely linked to increased medication use, 
which may elevate the risk of dental caries due to its effect 
on reducing saliva flow of saliva and causing oral dryness. 
Moreover, exposure of root surfaces due to age-related gin-
gival recession leads to tooth surfaces becoming susceptible 
to caries formation.21 Kassebaum et al. reported a prevalence 
peak of caries attacks at 70 years old, accompanied by root 
caries.22 Older individuals commonly suffer from oral diseases 
and have low access to dental care services, so middle-aged 
and senior adults are at a greater risk for untreated caries 
lesions.23 A recent review24 has reported the caries experi-
ence in senior patients in 20 countries with mean DMFT 
scores of 14.6-25.8. The same study documented a trend 
between 1996 and 2016, demonstrating lower MT scores 
and higher FT scores during this period.24 Similarly, the results 
of the present study demonstrated a directly proportional rise 
in DMFT score with age regardless of gender. On the other 
hand, in a study performed in Norway, it was reported that 
initial caries were particularly prevalent in the younger age 
groups, with a mean number of 4.7 for individuals in the age 
range of 19-24.25 Similarly, in the present study, the number 
of initial caries was the highest among younger participants 
of both genders when the number of carious teeth (D score) 
is considered solely. Moreover, the number of carious teeth 
decreased in the present study, supporting the findings of 
previous studies where there was a decrease in caries preva-
lence over time.16,25

Hormonal fluctuations in women often lead to reduced sali-
vary protection and flow rate, increasing their susceptibil-
ity to caries development.26 Despite this, few studies have 
demonstrated a higher prevalence of caries in women.27,28 
On the other hand, some studies have reported associa-
tions between the decayed number of teeth and the male 
gender.25,29 Mulic et  al. documented higher DMFT among 
women who had significantly fewer decayed teeth, but a 
higher number of filled teeth than men.29 The results of the 
present study demonstrated that gender has a partial effect 
on DMFT scores.

There is a limitation of the present study regarding interpret-
ing the results. Decayed teeth can be extracted or “turned 
into” restored ones, providing a decrease in D scores and an 
increase in M and F scores. Hence, using the change between 
mean DMF scores separately does not accurately reflect the 
burden of disease and can be misinterpreted by dental profes-
sionals. Therefore, the total DMF score should be considered 
while constructing reports based on calculations performed 
using the DMFT index.

Another limitation of this study is its restricted patient popu-
lation. Since the data were obtained from patient records of 
individuals who presented to the clinic of a university and 
were followed up for treatment, the study population may 
not fully represent the general community. Therefore, future 
research involving a broader population within the relevant 

field is warranted to enhance the generalizability of the find-
ings. Furthermore, the authors believe that this study may 
serve as an inspiration for future research in public health 
and provide valuable insights for the development of com-
munity dental health programs. In addition, improved and 
more effective methods for caries prevention are needed for 
individuals with the highest caries experience to halt further 
progression in the future. Protecting individuals from new 
caries formation could save a substantial part of the budget 
and prevent inconvenient dental treatment and the suffering 
of many patients.

Numerous studies have evaluated DMFT scores at a single 
time point; however, research assessing changes in these 
scores over time remains limited. The present study enables 
repeated observations of the same individuals, allowing for 
the detection of long-term trends and individual trajecto-
ries. By examining how DMFT scores change over time, this 
study contributes to understanding the factors that increase 
or decrease the risk of caries. Additionally, the data obtained 
provides insights from multiple disciplines, such as psychol-
ogy and public health, facilitating a better understanding 
of the bidirectional relationship between oral health and 
psychological well-being. Further longitudinal studies with 
extended time frames are needed to better assess the effec-
tiveness of public health interventions, community dental 
health programs, and oral health education initiatives by 
monitoring outcomes before and after their implementation.

CONCLUSION

According to the findings of the present study, it could be 
suggested that age has an impact on the number of decayed, 
missing, and restored teeth and total DMFT score change. 
However, gender has a limited impact on the number of 
decayed, missing, and restored teeth and total DMFT score 
change.
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