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ABSTRACT

Introduction: Tooth loss affects quality of life by impairing
chewing, speech, and appearance, and is associated with
psychological and nutritional issues. Although the prevalence
has declined in developed countries because of improved
dental care, permanent tooth extraction remains a common
occurrence, primarily caused by dental caries and periodontal
disease. Demographic and behavioural factors- such as age,
gender, socioeconomic status, smoking, and systemic health
conditions- also influence extraction rates. In Saudi Arabia,
national studies have explored these causes; however, data from
the northern regions, particularly Hail, are limited. Given Hail’s
unique demographics and healthcare access, understanding
local patterns of tooth loss is essential for targeted public health
strategies.

Aim: To determine the primary causes of permanent tooth
extraction and examine associated demographic and clinical
factors.

Materials and Methods: A cross-sectional study was conducted
at the Department of Oral Surgery Clinics of Hail Dental Centre
from May 2025 to July 2025, Saudi Arabia. Data on 381 permanent
teeth extracted from 254 patients were retrospectively collected

from clinical records. Demographic variables, including age, gender,
smoking status, medical history, antibiotic use, the number and
type of teeth extracted, reasons for extraction, and and procedural
complexity were assessed. Associations between variables were
assessed using the Chi-square test, Fisher's-exact test, and the
Monte Carlo correction. Multinomial logistic regression analysis
was performed to identify independent predictors.

Results: Dental caries (59.3%) was the leading cause, followed
by orthodontic treatment (25.7%) and periodontal disease
(11.4%). Surgical extractions accounted for24.8%. Antibiotic use
correlated with extraction reasons and medical status (p-value
<0.05). Smokers demonstrated higher rates of periodontitis and
failed root canal extractions. Multivariate analysis identified age
>60 years, diabetes, smoking, and female gender as significant
predictors.

Conclusion: Dental caries and orthodontic treatment were the
leading causes of tooth loss in the Hail region of Saudi Arabia.
Factors such as age, systemic health conditions, and smoking
status were significantly associated with the reasons for tooth
extraction, underscoring the need for preventive and integrated
oral systemic health strategies in this population.
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INTRODUCTION

Tooth loss is a significant indicator of oral health worldwide, as it
strongly affects individuals’ quality of life by impairing mastication,
compromising speech, and altering facial appearance [1]. In addition
to functional and aesthetic challenges, tooth loss has been associated
with adverse psychological outcomes and an increased risk of
nutritional deficiencies [2]. Despite these concerns, the incidence of
tooth loss has noticeably decreased in many developed countries.
This improvement is mainly due to advancements in preventive dental
measures and restorative treatments [3], which have not only reduced
the rate of tooth loss but also decreased the frequency of permanent
tooth extractions in populations of both developed and developing
nations [1,4].

Permanent tooth extraction is a significant issue in dental health
and is often considered a last resort when other treatment options
have failed. The present study identified dental caries as the
predominant cause of tooth extraction (68.9%), which is consistent
with previous reports of a Brazilian population study, where dental
caries accounted for approximately 63.3% of extractions [5]. Caries
progressively destroys tooth structure, leading to pain, infection, and
eventual loss if left untreated [6], while periodontal disease results
in the breakdown of the periodontal tissues that support the teeth
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[7]. Failed endodontic treatments, persistent periapical pathologies,
orthodontic or prosthetic requirements, trauma from accidents, root
fractures, and impacted teeth are also other reported reasons for
permanent tooth extraction [8]. Socioeconomic status plays a role,
as individuals with limited financial resources may have reduced
access to preventive care, leading to late-stage dental disease that
necessitates extraction. Additionally, non-clinical factors such as
cultural beliefs and patient preferences may sometimes influence
the decision to extract rather than restore a tooth [9]. Age can be
a crucial factor, with older adults more likely to require extractions
due to cumulative oral health problems [10]. Gender differences
have been observed, with males generally experiencing higher
extraction rates, other contributing factors include smoking habits,
which increase the risk of periodontitis, antibiotic use, and systemic
health conditions such as diabetes, which can exacerbate oral
health deterioration [11]. In Saudi Arabia, multiple studies have been
conducted to identify the reasons for permanent tooth extraction,
which is crucial for developing effective prevention strategies and
improving oral health outcomes in the population [12,13]. However,
the studies, particularly from the northern regions of Saudi Arabia,
remain limited. The Hail region, the largest in northern Saudi Arabia,
possesses distinctive demographic and socioeconomic features;
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however, it lacks specific epidemiological research on the reasons
for permanent tooth extraction, particularly within its population.
Considering the regional differences in healthcare access, public
awareness, and disease prevalence, it is crucial to investigate local
patterns of tooth loss, which can aid in the improvement of public
health planning and resource allocation. Therefore, the study aimed
to determine the primary causes of permanent tooth extractions
and to examine the related demographic and clinical factors.

MATERIALS AND METHODS

This cross-sectional study was conducted in the Department of
Oral and Maxillofacial Surgery at Hail Dental Centre in Hail, Saudi
Arabia, from May 2025 to July 2025, and included all eligible patients
who attended the department during this time. The study protocol
was reviewed and approved by the Research Ethics Committee
of Umm Al Qura University (Approval No. HAPO-02-K-012-2025-
06-2828), and all procedures were performed in accordance with
the ethical standards of the Institutional and national research
committees and the principles of the Declaration of Helsinki. Before
enrollment, written informed consent was obtained from each
participant. Patient confidentiality was strictly maintained throughout
the study by assigning unique identification codes to participants,
anonymising all records, and removing all personal identifiers from
the data.

Inclusion criteria: Patients aged nine years and older who had at
least one permanent tooth extracted during the study period and
possessed complete and legible clinical and radiographic records.
Exclusion criteria: Patients who underwent extractions involving
third molars or supernumerary teeth, or whose documentation was
incomplete, unclear, or illegible.

Sample size calculation: The sample size was calculated using
the following formula for cross-sectional studies:

nZxpx(1-p)
d2
Where:
n=sample size;
Z=standard normal deviate at 95% confidence level (1.96);

p=prevalence of caries as a reason for extraction=70% from a
previous study [4];

d=margin of error (5%);

n=(1.96)?x0.70x(1-0.70)/(0.05)’=323. To compensate for exclusions
and incomplete records, a final sample of 381 extracted permanent
teeth from 254 patients was selected using non probability consecutive
sampling.

Study Procedure

Data from 254 patients were manually extracted from clinical
records using a standardised data collection sheet. One examiner
(AA) reviewed all records and collected relevant variables related
to both patients and tooth extraction. Patient-related variables
included age (categorised into: <20, 21-40, 41-60, >60 years),
gender, systemic medical conditions, smoking status, and antibiotic
use before and/or after extraction. The latter was documented from
clinical records and included any antibiotic prescriptions before, after,
or both before and after the extraction. However, the timing (pre- or
post-) was not consistently documented in every case. Tooth-related
variables included the primary reason for tooth extraction (e.g.,
caries, periodontal disease, periapical infection, failed endodontic
treatment, orthodontic or prosthetic needs, trauma, impaction),
number of teeth extracted, and type of extraction procedure (simple
or surgical), and tooth position using the FDI numbering system.
When multiple reasons were documented for a single extraction, the
main reason was identified using clinical notes and radiographs.
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STATISTICAL ANALYSIS

Data were analysed using IBM Statistical Package for Social
Sciences (SPSS) statistic version 22.0 (IBM Corp., Armonk, NY,
USA). Descriptive statistics, including frequencies, percentages,
means, Standard Deviations (SD), medians, and Interquartile Ranges
(IQR), were used to summarise the demographic and clinical data.
Associations between the reason for extraction and categorical
variables were tested using the Chi-square (y? test. When more
than 20% of the expected cell counts were below 5, the Monte
Carlo correction was applied. A multivariate analysis of independent
predictors of the different extraction reasons was conducted using
a multinomial logistic regression model. A p-value of <0.05 was
considered statistically significant.

RESULTS

A total of 254 patients underwent extraction of 381 permanent teeth.
The mean age was 36.84+16.52 years, with a median of 35 years
(IQR 24-47). Most patients were female 145 (57.1%). Co-morbidities
were present in 73 (28.7%) of patients; 10 (3.9%) were smokers and
18.1% received antibiotics, though the timing relative to extraction
was variably documented. Most patients (72.4%) had one tooth
extracted, and 24.8% of all procedures were surgical [Table/Fig-1].

Variables Category n (%)
Min-Max 9-81
Age (years) Mean+SD 36.84+16.52
Median (IQR) 35 (24-47)
Male 109 (42.9%)
Gender
Female 145 (57.1%)
Present 73 (28.7%)
Co-morbidities
Absent 181 (71.3%)
Smokers 10 (3.9%)
Smoking status
Non smokers 244 (96.1%)
Yes 46 (18.1%)
Antibiotic use
No 208 (81.9%)
0
Number of teeth ! 184 (72.4%)
Extracted per 2 48 (18.9%)
tient
patien 3-8 22 (8.7%)
Simple 191 (75.2%)
Type of extraction
Surgical 63 (24.8%)

[Table/Fig-1]: Demographics and extraction characteristics (N=254 patients).

IQR: Interquartile range; SD: Standard deviation

Dental caries was the leading cause of extraction, accounting for
226 teeth (59.3%), followed by orthodontic treatment (98 teeth,
25.7%) and periodontitis (40 teeth, 10.5%). Other less frequent
causes included failed root canal treatment, prosthetic indications,
periapical conditions, and impacted teeth [Table/Fig-2].

Reason for extraction n (%)
Caries 226 (59.3%)
Orthodontic treatment 98 (25.7%)
Periodontitis 40 (10.5%)
Failed RCT 6 (1.6%)
Prosthetic indication 6 (1.6%)
Periapical infection 1(0.3%)
Endoperio lesions 1(0.3%)
Impacted teeth 3(0.8%)

[Table/Fig-2]: Distribution of the main reason for permanent tooth extraction

based on extracted teeth included in the study (=381 teeth).

Among patients who received antibiotics, extractions due to
periodontitis were significantly more common than in the non
antibiotic group (23.9% vs 8.7%, p-value <0.001), possibly reflecting
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greater clinical severity [Table/Fig-3]. Tooth extractions were most
frequent in the upper left quadrant (21-28), where orthodontic
treatment was the leading cause. Caries predominated in all
other quadrants [Table/Fig-4]. Tooth #24 was the most commonly
extracted overall, while teeth #42 and #43 were the least frequently
involved [Table/Fig-5]. These reasons were grouped due to low
frequency.

Reason for extraction No antibiotics (n=208) Yes antibiotics (n=46)
Caries 146 (70.2%) 29 (63.0%)
Orthodontic treatment 37 (17.8%) 2 (4.3%)

Failed RCT 2 (1.0%) 2 (4.3%)
Periapical infection 1(0.5%) 0
Periodontitis* 18 (8.7%) 11 (23.9%)
Prosthetic indication 3(1.4%) 0

Caries, periodontitis 0 1(2.2%)
Impacted teeth 0 1(2.2%)
Periapical disease 1(0.5%) 0

[Table/Fig-3]: Association between antibiotic use and reason for permanent tooth
extraction (N=254).

*Chi-square (y?) statistical test with Monte Carlo correction; a statistically significant association
was found between antibiotic use and periodontitis-related extractions (p-value=0.001)

Jaw quadrant | Caries | Orthodontic treatment | Periodontitis | Othert | Total
tﬁffirg;gm 65 18 3 7 93
éﬁf’zeé)'eﬂ 60 40 17 6 123
(Lsc;f’gé)'eﬂ 50 29 10 3 9
tﬁ"fg‘ght 51 11 10 1 73
Total 226 98 40 17 381

[Table/Fig-4]: Distribution of extraction reasons by jaw quadrant and tooth, based
on the total number of extracted teeth (n=381 teeth).

fOther reasons include failed RCT, periapical infection, prosthetic indication, periapical disease,
and impacted teeth; *tooth number; These were grouped due to low frequency. These reasons
were grouped due to low frequency

Distribution of Tooth Extraction by Tooth Number and Reason

Roasan for Extaction
- caries

=== Orthodantic Treatment.
- reriodontiis

- crher

[Table/Fig-5]: Distribution of tooth extractions by individual tooth number and
reason for extraction.

*Other reasons include failed RCT, periapical infection, prosthetic indication, periapical disease,
trauma, anomalies, and impacted teeth. These were grouped due to low frequency

Fisher's-exact test revealed a significant association between
diabetes mellitus and periodontitis as the primary reason for
extraction (p-value=0.028). The majority of patients whose primary
reason for extraction were caries or orthodontic treatment had no
reported medical co-morbidities [Table/Fig-6].

Multivariate logistic regression confirmed that diabetes mellitus
(AOR=2.97; p-value=0.021) and age >60 years (AOR=3.85;
p-value=0.002) were significant predictors of periodontitis-related
tooth extractions. Compared with the reference age group (21-40
years), patients aged <20 years demonstrated a markedly higher
likelihood of undergoing orthodontic extractions (AOR=19.80;
p-value <0.001), whereas those aged 41-60 years showed a
lower likelihood of orthodontic-related extractions, although this
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Reason for | No medical | Diabetes Other Total
extraction condition mellitus Hypertension conditions* | patients
Caries 168 38 12 8 226
Orthodontic o7 1 0 0 o8
treatment

Periodontitis 21 13 4 2 40
Other** 13 2 1 1 17
Total 299 54 17 11 381

[Table/Fig-6]: Association between reason for tooth extraction and medical
conditions (n=254 patients).

*Other conditions include hypothyroidism, cardiac disease, epilepsy, renal disease, and other
rare conditions. **Other reasons for extraction include failed RCTs, periapical infection, prosthetic
indications, and impacted teeth

association did not reach statistical significance. Additionally, female
gender was significantly associated with orthodontic extractions

(AOR=1.94; p-value=0.034) [Table/Fig-7].

Adjusted 95%
Odds Ratio | Confidence

Variables Outcome reason (AOR) Interval (CI) p-value
Age category | Orthodontic treatment

<20 years 19.80 (8.52-46.10) | <0.001*
(Ref: 21-40 41-60 years 0.04 (0.01-0.61) 0.021
years) >60 years N/At — —

Periodontitis

<20 years 0.18 (0.02-1.63) 0.128
;22?3)21 40 41-60 years 2.15 (0.89-5.16) 0.088

>60 years 3.85 (1.61-9.20) 0.002*
Gender Orthodontic treatment 1.94 (1.05-3.58) 0.034*
(Ref: Male) Periodontitis 112 (0.61-2.05) 0.708
Diabetes (DM) Periodontitis 2.97 (1.18-7.51) 0.021*
(Ref: No) Orthodontic treatment 0.88 (0.33-2.37) 0.796
Smoking Periodontitis 2.15 (1.04-4.45) 0.038*
(Ref: No) Orthodontic treatment 0.45 (0.11-1.83) 0.262

[Table/Fig-7]: Multinomial logistic regression analysis for reasons for permanent
tooth extraction (Reference Outcome: Caries).

*Statistically significant at p-value <0.05. T(N/A): No orthodontic cases in patients >60 (AOR not
calculable). Ref: Reference Category. Caries is the reference for all outcomes

DISCUSSION

The current study results revealed that over two-thirds of the
extracted teeth were due to extensive dental caries, highlighting
the ongoing prevalence and severity of this oral health issue as
the leading cause of dental extractions in permanent teeth. Many
of these teeth were not just slightly decayed the damage was so
extensive that nearly 25% required surgical removal, implying the
presence of severe structural destruction, root involvement, or
deep infection that rendered simple extraction impossible. This
considerable proportion aligns with findings from other studies
conducted in government hospitals, where the burden of severe
dental disease is similarly high [13-15]. For instance, Alaboudi AK
et al., documented that, among 949 individuals in Madinah, Saudi
Arabia, a striking 89.1% of extractions were attributed to caries,
underscoring the widespread and aggressive nature of tooth decay
in that region [13]. In a separate study, Ullah A et al., investigated
the causes of extraction in a population from Al Jouf city in
northern Saudi Arabia, revealing that 70% of all extracted teeth
had succumbed to caries [14]. Supporting this pattern, Shareef
RA et al., examined the reasons for tooth loss in Aseer province,
finding caries as the predominant cause at 68.1%, followed by
periodontal disease at 17.6% [15]. These numbers suggest a
persistent trend across the country, although the current study’s
findings seem even higher compared to other reports from both
urban and rural settings in Saudi Arabia. For example, Preethanath
RS, in a study involving 820 individuals and 2,800 extracted teeth,
observed that half of the extractions were due to dental caries, with




154

Abdullah Alghtani et al., Epidemiological Assessment of Permanent Tooth Extraction at Hail

periodontitis being the second most common cause, at nearly 11%
[16]. Similarly, Alesia K and Khalil HS reported that dental caries
accounted for 50.2% of all extractions in a specific Saudi population
over a three-month period, while periodontitis contributed to 8.2%
of the extractions [6]. Furthermore, data from the eastern province
of Saudi Arabia consistently show that dental caries is responsible
for almost half of all tooth extractions, painting a clear picture of
a nationwide challenge dominated by persistent and destructive
tooth decay [17].

The World Health Organisation (WHO) estimates that 60% to
90% of children worldwide are affected by dental caries [18]. This
chronic infectious disease involves progressive demineralisation and
destruction of dental hard tissues, resulting in cavities, pain, infection,
and potential tooth loss, if untreated [9]. Dental caries significantly
contributes to the global disease burden and adversely affects the
oral health-related quality of life of children by causing discomfort,
difficulty with eating, speaking, and sleeping, as well as missed
school days and reduced academic performance [19]. In Saudi
Arabia, a recent systematic review reported that the prevalence of
dental caries in primary teeth ranges from 21% to 100%, and in
permanent teeth from 5% to 99% [20]. These broad ranges indicate
substantial variability, attributed to differences in study methodologies,
diagnostic criteria, sample sizes, and the populations studied, such
as urban versus rural communities or age-based cohorts. Despite
this variability, evidence from mulltiple cross-sectional studies confirms
that dental caries remains a widespread and persistent issue in Saudi
Arabia [16]. These data highlight the urgent need for comprehensive
and sustained national oral health programs. Such programs should
include preventive strategies, public awareness campaigns, routine
dental screenings, and improved access to dental care services
across all regions. Prioritising school children is essential, as early
intervention establishes lifelong oral hygiene habits, prevents future
complications, and reduces the overall burden of dental diseases.

Other neighbouring countries have reported high percentages of
dental extractions due to caries. For instance, in Kuwait, Alshammari
KF et al., reported that caries caused 43.7% of extracted teeth,
while periodontitis accounted for 37.4% of all extractions [21], which
is higher than the rate reported here or in other studies in Saudi
Arabia. Studies from other Middle Eastern countries have reported
similarly high percentages; for example, a study from Yemen showed
that 69% of dental extractions were due to caries, while rates
were 56.4% in Jordan, 41.2% in Sudan, and 81.5% in the United
Arab Emirates [22-24]. These alarming figures demand immediate
attention and urgent action to address this important issue.

It is important to recognise that dental and periodontal conditions
often develop gradually, with their damaging effects becoming
more noticeable over time and eventually leading to tooth loss, as
shown by the present study. Despite these age-related differences,
periodontitis consistently remains a significant risk factor for tooth
loss across all groups; therefore, it should be a primary focus in
developing public oral health strategies.

The use of multinomial logistic regression provided deeper insights
into the independent determinants of permanent tooth loss in Hail.
Notably, age, DM, and smoking status emerged as significant risk
factors for extraction due to periodontitis when compared to caries.
These findings are consistent with previous large-scale consensus
reports, which emphasised the systemic role of DM. and smoking
in periodontal breakdown and tooth loss [25,26]. Specifically, the
present study found that DM increased the likelihood of periodontitis-
related extractions by nearly threefold (AOR=2.97), consistent with
prior joint consensus guidelines that advocated integrating dental
screening into diabetes care protocols [27,28]. The significantly
higher proportion of periodontal-related tooth extractions among
patients receiving antibiotics may reflect more severe infections or
greater clinical intervention needs in this group. This aligns with prior
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observations suggesting that periodontal disease often requires
adjunctive antibiotic use in advanced cases, though causality cannot
be inferred from the current design [27]. Furthermore, although
gender-based differences in total extractions were relatively modest,
female gender was independently associated with orthodontic-
related extractions (AOR 1.94). This may reflect greater aesthetic
awareness and increased demand for elective orthodontic treatment
among females in the region. The study findings align with previous
studies highlighting the influence of socioeconomic and aesthetic
motivations on orthodontic treatment uptake, particularly among
younger females [29,30]. Turning to the study’s methodology, it is
important to acknowledge that this research used a cross-sectional
design and non probability convenience sampling. Nevertheless,
given that the Hail region has only one specialised dental centre
serving the entire population, the study’s results can be considered
reasonably representative. Looking ahead, prospective studies
with larger, more diverse sample sizes are recommended to further
clarify preventive approaches for dental extractions due to caries
and periodontal diseases in Saudi Arabia.

Limitation(s)

The study has several limitations that should be acknowledged.
First, its retrospective design relies on existing clinical records, which
may contain inconsistencies or incomplete information, particularly
regarding the timing of antibiotic prescriptions (pre- or post-extraction).
Second, although the study aimed to categorise the primary reason
for each extraction, cases involving multiple reasons may have been
subject to interpretation bias during classification. Third, the third
molars were excluded from the analysis to focus on disease-related
extractions, which may have affected the true proportion of surgical
extractions and potentially underrepresented common indications
such as impaction. Additionally, no inter- or intra-examiner calibration
was conducted to assess reliability, although one trained examiner
collected all data to maintain consistency. Lastly, as this was a single-
centre study based in Hail, Saudi Arabia, the findings may not be
generalisable to other regions or populations with different oral health
practices or access to care.

CONCLUSION(S)

Dental caries and orthodontic treatment were the leading causes of
tooth loss in the Hail region of Saudi Arabia. Factors such as age,
systemic health conditions, and smoking status were significantly
associated with the reasons for tooth extraction. The present
study findings highlight the importance of implementing enhanced
preventive strategies and targeted public health initiatives to reduce
avoidable tooth loss in the region.
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