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Abstract: Background: The relationship between chronic inflammatory diseases and their comorbidi-
ties and correlation with periodontal diseases has become an increasing focus of research. Objectives:
The aim of this case-control study was to conclude if patients suffering from COPD (Chronic Ob-
structive Pulmonary Disease) tend to have more AP (Apical Periodontitis) than non-COPD patients.
Materials and Methods: The study was conducted on 30 patients assigned as cases, associated with
30 control patients linked by age (+/−5 years) and sex. Results: A total of 60 patients were recorded,
and a total of 12 radiographic variables were analyzed. A total of 43 (71.7%) patients were registered
with PAI (Periapical Index) ≥ 3, and there was a slightly tendency in the patients from the control
group 22 (73.3%) compared to those from the cases 21 (70%), respectively (p > 0.05). Conclusions:
It was concluded that there was not a significant association between the levels of PAI (Periapical
Index) ≥ 3 per patient in those suffering from COPD. In fact, it could be concluded that patients
diagnosed with COPD tend to have more teeth with PAI ≥ 3, more endodontic treatments and their
periodontitis tended to accumulate more caries. Clinical Significance: This study establishes, in a
case-control study, some specific aspects of oral health in patients with COPD, as well as analyzing
the importance of oral health in this disease.

Keywords: apical periodontitis; endodontics; oral epidemiology; oral medicine; root canal
treatment; COPD

1. Introduction
1.1. Apical Periodontitis (AP)

AP is a worldwide prevalent infectious disease, and it is characterized by an inflamma-
tory response and bone destruction in the periapical tissues caused by microbial infection
in the dental pulp. It is characterized radiographically by the presence of a Radiolucent
Periapical Lesion (RPL) [1]. The bone destruction is caused by both microbial infection and
the immune response as part of the defense reaction [2].

It is the most frequent pathological lesion in the jaws, mainly manifested as periapical
granulomas and cysts [3]. Root canal treatment is the elective treatment for teeth with
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AP that must be preserved [2]. It is essentially an inflammatory disease of microbial
etiology, and there is clear evidence that microbial interaction plays an important role for
the pathogenesis of AP [3].

1.2. Periapical Index (PAI)

There are different indices to evaluate AP, but one of the most-used is the PAI proposed
by Ørstavik et al. in 1986 [4]. The scoring system for the registration of AP in radiographs
is presented. The system is called PAI and provides an ordinal scale of five scores ranging
from one (healthy) to five (severe periodontitis with exacerbating features). Its validity
is based on the use of reference radiographs of teeth with verified histological diagnoses.
The system may be suitable for the analysis of periapical radiographs in epidemiological
studies, clinical trials and the retrospective analysis of treatment results in endodontics [4].

1.3. AP and Systemic Diseases

Chronic AP develops as a chronic inflammatory process characterized radiographically
by the presence of periapical radiolucency, a radiolucent image surrounding the apex of
the affected tooth [5]. In recent years there has been a biological basis for suggesting that
different systemic diseases may influence BP (Blood Pressure). One of the most studied is
DM (diabetes mellitus). DM can affect the periapical immune response, causing a delayed
healing process, and, consequently, there could be expected to be a higher prevalence of
periapical lesions and a higher rate of post-treatment disease in diabetic patients than in
control subjects without diabetes. Different studies have clinically investigated in humans
the possible association between DM and AP; Falk et al. in 1989 [6], Bender and Bender in
2003 [7], Britto et al. in 2003 [8], Fouad and Burlesson in 2003 [9] and Pérez-Losada et al. in
2020 [10].

Other studies support the concept that smoking is associated with an increase in the
prevalence of AP (Aleksejuniene et al. in 2000 [11], Kirkevang and Wenzel in 2003 [12],
Kirkevang et al. in 2007 [13], Segura-Egea et al. in 2008 [14] and 2011 [15], and López-López
et al. in 2011 [16]) and is able to act as a risk factor for AP [17].

It has also been related to a lesser degree with other systemic diseases, such as: hyper-
tension [18], osteoporosis [19–21], multiple myeloma [21], cardiovascular diseases [22,23],
metabolic syndrome [24], and transplanted [25] and coagulation disorders [5]. There is a
significant association between ICD (Inherited Coagulation Disorders) and the presence of
radiographically diagnosed periapical lesions, an aspect that shows that coagulopathies
hardly can be regarded as a primary cause of root canal infection and AP [10]. It can also be
stated that there is an association between AP and MetS (Metabolic Syndrome) and ACVD
(Atherosclerotic Cardiovascular Disease) [7].

During these last two years of the pandemic, it has been hypothesized that periodonto-
pathic bacteria are also involved in COVID-19 aggravation, and, therefore, the management
of good oral hygiene potentially contributes to its prevention [26–28].

1.4. Chronic Obstructive Pulmonary Disease (COPD) and Periodontal Diseases

In recent years, it has been recognized that periodontitis is linked to the severity of
COPD through the microbial colonization of the respiratory system by dental plaque or
airway inflammation caused by periodontal pathogens. Oral pathogens may be related
to elevated circulating levels of cytokines and systemic inflammation, which has been
implicated in the pathogenesis of COPD [29]. Both chronic periodontitis and COPD have a
common element of host susceptibility to environmental factors [30].

It commonly appears associated with other comorbidities that are thought to share an
underlying inflammatory process, whether systemic or organ-specific, including chronic
inflammatory oral diseases such as periodontitis [31]. Recognized as a heterogeneous
disease with different contributions from airway and parenchymal abnormalities, the
diagnosis and monitoring of patients are currently made using airflow measurements. It is
a chronic lung condition characterized by progressive, irreversible airway obstruction [29].
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COPD is characterized by an abnormal inflammatory response of the lungs to noxious
particles or gases, particularly cigarette smoke, and is defined by the presence of airflow
obstruction. It consists of several pathological subtypes, such as emphysema, small-airways
disease and chronic bronchitis, which are distinct entities, although often combined in a
single patient. There has been growing interest in the hypothesis that COPD forms part of
a ‘chronic systemic inflammatory syndrome’. Patients with COPD have higher levels of
circulating inflammatory cytokines including C-reactive protein, IL-8 and TNF α, which
have been shown to relate to disease severity [30,31].

1.5. Justification

Despite all the revised literature exposed previously, it cannot be concluded from
the scientific evidence that COPD is correlated with chronic AP; in fact, this study sets
up a hypothesis: due to the lack of scientific evidence on a possible correlation between
AP and COPD, a comparative work analyzing if COPD patients tend to suffer more AP
than non-COPD patients was set up. Based on the hypothesis, the comparative work was
classified as a clinical study of cases and controls to contrast it.

2. Materials and Methods

This case-control study was formed by 30 panoramic radiographies from COPD
patients assigned as cases, which were associated with 30 panoramic radiographies from
patients assigned as controls linked by age and sex without diagnosed COPD or any other
confusing disease with inflammatory responses, such as DM or CVD (Cardiovascular
Diseases), among others.

The panoramic radiographies assigned as cases were facilitated by the Department of
Pulmonary Medicine from the Hospital Universitari de Bellvitge, and the controls were
taken from patients attending the Hospital Odontològic Universitat de Barcelona.

The aim of this study was to discover if patients with diagnosed COPD tend to suffer
more AP than non-COPD patients. In order to give more consistency to the study we
settled on a list of several radiographic variables to analyze as secondary objectives: I—the
calibration of the investigator in the PAI’s evaluation, II—the analysis of the Klemetti Index
in the panoramic radiographies in both groups, III— the analysis of the CW (Cortical Width)
in both groups, IV—the analysis of the periodontal loss observed in the radiographies
from both groups, V—the analysis of the reduction in the number of teeth in both groups,
VI—the analysis of the number of endodontic teeth in both groups and VII—the analysis of
the correlation between PAI and endodontic teeth in both groups.

According to the panoramic radiographies, the level of AP was settled, calibrating
it with the PAI described by Ørstavik et al. [4]. It settled in the following way; 1: normal
status, 2: minor change of the bone structure, 3: more change of the bone structure and some
mineral lost, 4: radiolucide area well-defined and 5: severe radiolucide area well-defined
with exacerbation signs. When in doubt of two stages, the higher stage was used as the
settled one. PAI ≥ 3 was defined as AP [4].

With all the obtained data, we correlated different clinical values based on COPD
established by the Department of Pulmonary Medicine.

2.1. Study’s Design

The project consisted of a case-control study following the statements of the STROBE
guide [32]. As limitations of the study, we delimited; the sample’s size, the lack of previous
studies involving COPD and AP and the measures used to collect all the data.

2.2. Subjects of the Study

The group of cases was formed by patients with COPD diagnosis, according to GOLD
(Global Initiative for Chronic Obstructive Lung Disease), a global consensus on strategy
for the diagnosis, management and prevention of this disease. GOLD reports stratified
patients considering three risk variables: FEV1 (Forced Expiratory Volume in one second),
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symptoms and exacerbations. For the diagnosis of COPD, a FEV1/FVC (Forced Vital
Capacity) ratio of <0.70 assessed by spirometry after bronchodilator use was required [33].
These patients attended the COPD pneumology service from the Hospital Universitari
de Bellvitge.

The panoramic radiographies from the cases subjects and the anonymous data of the
patients were given by the Department of Pulmonary Medicine from the Hospital Universi-
tari de Bellvitge, corresponding to patients that were visited for other medical reasons.

The control group was formed by non-COPD patients (also not suffering from any
other disease that could be confused with COPD), and these panoramic radiographies
were taken by the Hospital Odontològic de la Universitat de Barcelona from patients that
had visited the Medicine, Surgery and Implantology Master from the UB (Universitat de
Barcelona) and from patients that were visited at the “practicum” from the 5th course of
the dentistry degree program at the UB.

The groups were divided as follows: Group 1 [cases]: 30 subjects with a medical
history of COPD, who were the study group and Group 2 [controls]: 30 additional subjects
who accepted and understood the inclusion criteria of the study, with non-referring clinical
signs and no medical history of COPD or any other confusing disease, paired by age and
sex, who were the control group.

Both groups were paired by age (+/−5 years) and sex with the obtained data from the
cases group.

2.3. Inclusion and Exclusion Criteria

The inclusion criterion was the following: patients suffering from COPD, including
the different existing types and stages. The exclusion criteria were: I—patients suffering
from systemic diseases that had similar inflammatory responses and characteristics that
could be confused with COPD, such as poorly controlled DM towards others, like CVD
(both comorbidities frequently associated with COPD), and II—patients suffering from
similar respiratory diseases that were confused with COPD (asthma, congestive heart
failure, bronchiectasis, tuberculosis, bronchiolitis obliterans or diffuse panbronchiolitis).

2.4. Sample Size Calculation

According to López-López et al. [34], there is an existing evidence association between
smoking and the presence of at least 1 periapical lesion, radiographically detected.

This case-control study was considered a pilot study; assuming that the prevalence
of AP in patients with COPD has not been proved or studied, we shared the same equiv-
alence of tobacco and AP from previous studies by López-López et al. [34], wherein the
smoker patients had at least 1 tooth with PAI ≥ 3 (74.7%) in comparison to (12.7%) of
the control group. Applying p = 0.05, we would obtain a sample size of 11 patients from
the group (Figure 1). It was a descriptive study analyzed by the chi-square test and the
quantitative variables according to central tendency measures and dispersion, following
the Kolmogorov–Smirnov test accepted with a value of (p < 0.005) and defined with the sta-
tistical average and standard deviation or statistical median and IQR (interquartile range).
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wished risk; p1 = proportion of the value of the reference group, placebo, control or usual treatment;
p2 = value of the proportion in the group of the new treatment, intervention or technique; p = average
of both proportions p1 and p2.
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2.5. Description of the Treatment or Intervention

First, the investigator (A.C.-C.) examined 87 randomly chosen dental radiographies
(periapical and panoramic), analyzing the PAI index, following the Ørstavik et al. [4] criteria
and also the radiographic variables KI (Klemetti Index) and CW (Cortical Width) described
by López-López et al. in 2011 [36]. Once all the data had been analyzed, a concordance with
the two co-investigators was established (J.L.-L. and J.J.S.-E.). The process was repeated
with different panoramic radiographies until the obtention of a Kappa Index of a K ≥ 0.61
according to López de Ullibarri Galparsor and Pita Fernández [35].

During the process we obtained a Kappa Index with a value of a K ≥ 0.81. Once we
had obtained the value, we proceed to analyze the panoramic radiographies corresponding
to the descriptive study. For that, we studied 30 panoramic radiographies from anonymous
patients facilitated by the Department of Pulmonary Medicine of the Hospital Universitari
de Bellvitge. We also selected the 30 control patients (paired by age and sex) from those at
the Hospital Odontològic de la Universitat de Barcelona, All the panoramic radiographies
were analyzed in an HP screen of 21 inches with environmental light and always between
4 p.m. and 6 p.m.

2.6. Description of the Variables

The following variables were extracted from the patient’s medical history and/or the
panoramic radiographies with a scale of 1:1: I—sex (qualitative variable); II—age (nominal
variable); III—COPD level (qualitative variable), noted following the data facilitated from
the Department of Pulmonary Medicine and using the classification proposed by the Global
Strategy for the Diagnosis, Management and Prevention of COPD; IV—radiological values:
CW (mandibular cortical in mm), KI (values 1, 2, 3); these 2 parameters were analyzed
following the proposed indication by López-López et al. [36], the Klemetti et al. [37] criteria
and Horner and Devlin [38]; V—number of present teeth; VI—number of endodontic teeth;
VII—PAI data was noted as (0, 1, 2, 3, 4, 5), as described by Ørstavik et al. [4]; VIIII—mesial
and distal bone loss (mm) of each one of the present teeth; for that, the distance from the
enamel–junction line to the cortical bone was measured, observing how many teeth show
mesial or distal loss > 4 mm, and the global average loss is sum of the mesial and distal
loss divided by 2 and the number of present teeth.

2.7. Statistical Analysis

For the concordance of the study, the KI (Kappa Index) was used. All data was
collected in an Excel table from the Microsoft Office Package (2013) and was analyzed with
the SPSS program 17.0 for Windows (SPSS, Chicago, IL, USA, 2011).

A descriptive analysis of the qualitative variables was realized, according to their
frequency and percentage, and the quantitative variables according to their central tendency
measures and dispersion.

The quantitative variables, depending on their normal distribution following the
Kolmogorov–Smirnov test (p > 0.05), were defined with the statistical average and standard
deviation if they are not in accordance with the statistical median and IQR.

2.8. Specification of the Acceptance of National and International Ethical Standards

This study was conducted under the ethical principles of the Helsinki Declaration and
according with the requirements of the Real Decreto 1090/2015, 4th December, to regulate
clinical trials with medical products, the Ethics Committee of the medical investigation and
the Spanish Register of Clinical Studies and article nº 32 of the Ethics Code and Medical
Deontology of Spanish of Collegiate Medical Organization (OMC).

The study had the approval of the Ethics Committee on the investigation of medical
products and medical devices (CEIm) with the code 2/2021 from version 2 of the Hospital
Odontològic de la Universitat de Barcelona studies’ protocol.

Personal data employed in the study was kept anonymous all of the time. The
study was carried out according to the General Rules of Data protection (EU) 2016/679
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and the Organic Law 3/2018, 5th December, of Data Personal Protection and Digital
Rights Guarantee.

The names of the patients did not appear in any document of the study, and on no
occasion were the identities revealed in any publication or communication. The panoramic
radiographies were transferred in an anonymous way.

3. Results
3.1. Sample’s Description

The cases group formed by 52 male patients (86.6%) and 8 female patients (13.3%)
were recorded. There was no significant difference in sex and age, since the cases were
paired by age (+/−5 years) and sex. The total average age was 71.20 ± 8.947 (p > 0.05), and
the range of age was 50–88.

3.2. Case and Control Groups

The cases group was 4 females (13.3%) and 26 males (86.7%). All of them were
diagnosed with severe or very severe (post-bronchodilator FEV1 < 50% predicted) COPD,
making them the studied group. The total average age was 71.83 ± 8.292 (p > 0.05). Patients’
ages ranged from 50 to 87. A total of 24 of these 26 patients were former smokers, and
the rest (n = 4) were active smokers. One-third of the patients had well-controlled type 2
diabetes mellitus (n = 10) without target organ involvement.

The control group was 4 females (13.3%) and 26 males (86.7%). The total average age
was 70.57 ± 8.791 (p > 0.05). Patients’ ages ranged from 52 to 88. In this group, there was
no existence of COPD history or any other disease that could be confused with it (such as
DM or CVD among others).

Table 1 shows the presence of all the diseases and medical conditions from the control
group. A total of 22 patients from the control group were current or former smokers.

Table 1. Medical conditions of the control group.

Code Medical Conditions

2 Early Alzheimer’s disease

3 Coronary stent carrier

4 NR

6 Gout/hypotension/arthritis/osteoarthritis/BPH/intermittent claudication

7 NR

8 BPH/slow digestion/bile duct stones/occasional headaches/deafness/difficulty urinating

10 Mild cholesterol/duodenal ulcer

11 NR

12 Hereditary hemochromatosis/diverticulitis/lithiasis/BPH

13 Hepatitis B (already healed)/malignant prostate cancer

14 NR

16 NR

17 HIV + (since 1986 with retroviral treatment)

18 Tubal ligation

19 Osteoarthritis

20 NR

21 NR

24 NR

25 Levothyroxine sodium/hiatal hernia/NHL/bilateral inguinal hernia
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Table 1. Cont.

Code Medical Conditions

26 Anxiety/depression

27 Essential tremors

28 NR

31 NR

32 Digestive problems

33 NR

35 NR

36 CCL

37 HIV + (>20 years with undetectable viral load)/MM

38 Hepatitis B

42 NR

NR: non-referring/BPH: Benign Prostatic Hyperplasia/HIV: Human Immunodeficiency Viruses/NHL: Non-
Hodgkin Lymphoma/MM: Multiple Myeloma/CCL: Chronic Lymphocytic Leukemia.

3.3. Study’s Variables

Table 2 shows the distribution of the study factors in both control and case groups.
There was no significant difference in age, gender and number of teeth between both groups.

Table 2. Distribution of the study factors in both control and case groups.

Control, n = 30
(50%)

Cases, n = 30
(50%)

Total, n = 60
(100%) p Value

Age, y
Mean ± SD 70.57 ± 8.791 71.83 ± 8.292 71.20 ± 8.947

t
student
>0.05

Gender
Female 4 (13.3%) 4 (13.3%) 8 (13.3%) >0.05
Male 26 (86.7%) 26 (86.7%) 52 (86.7%) χ2

No. of teeth t
student
>0.05

Mean ± SD 18.60 ± 8.245 18.63 ± 7.545 18.62 ± 7.835
Median 20.5 18 19

PAI ≥ 3/patient
Yes 22 (73.3%) 21 (70%) 43 (71.7%) >0.05
No 8 (26.7%) 9 (30%) 17 (28.3%) χ2

PAI ≥ 3/teeth t
student
>0.05

Mean ± SD 1.60 ± 1.429 1.93 ± 1.837 1.77 ± 1.633
Median 2 2 2

No. of RFT t
student
>0.05

Mean ± SD 1.30 ± 1.393 1.43 ± 2.079 1.365 ± 1.736
Median 1 0.5 1

RFT with PAI ≥ 3
Yes 8 (26.7%) 7 (23.3%) 15 (25%) >0.05
No 22 (73.3%) 23 (76.7%) 45 (75%) χ2

Stage of periodontitis
I 10 (33.3%) 12 (40%) 22 (36.7%)
II 16 (53.3%) 14 (46.7%) 30 (50%)
III 0 0 0 >0.05
IV 4 (13.3%) 4 (13.3%) 8 (13.3%) χ2
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Table 2. Cont.

Control, n = 30
(50%)

Cases, n = 30
(50%)

Total, n = 60
(100%) p Value

No. of caries
t student

<0.05
Mean ± SD 2.33 ± 2.02 4.47 ± 3.53 3.4 ± 2.775

Median 3 3 3

CW
t student
<0.001

Mean ± SD 3.183 ± 0.675 3.867 ± 0.73 3.525 ± 0.702
Median 3 4 3.5

Klemetti Index
C1 20 (66.7%) 23 (76.7%) 43 (71.7%)
C2 10 (33.3%) 7 (23.3%) 17 (28.3%) >0.05
C3 0 0 0 χ2

Mattila Index
Yes 21 (70%) 28 (93.3%) 49 (81.7%) <0.05
No 9 (30%) 2 (6.7%) 11 (18.3%) χ2

Tobacco
Yes 22 (73.3%) 26 (86.7%) 48 (80%) >0.05
No 8 (26.7%) 4 (13.3%) 12 (20%) χ2

PAI ≥ 3: Periapical Index > 3 (described as pathological)/RFT: Root-filled teeth/CW: Cortical Width
(mm)/C1: Klemetti Index (endostic margin uniform)/C2: Slightly or moderately eroded/C3: severely eroded.

3.3.1. Age and Gender

For all subjects, the average age was 71.20 ± 8.947 (p > 0.05), 71.83 ± 8.292 (p = 0.568),
in the case group and 70.57 ± 8.791 in the control subjects. A total of 60 patients were
recorded; from these, 8 (13.3%) were female and 52 (86.7%) males. Both case and control
groups contained 4 females (13.3%) and 26 males (86.7%) (p = 1).

3.3.2. Number of Present Teeth

The total number of present teeth in the 60 patients was 1070 teeth, 522 (48.7%) in
the case group and 548 (51.2%) in the control group. The average number of teeth for all
subjects of the study was 18.62 ± 7.835, a total of 18.63 ± 7.545 in the studied group and
18.60 ± 8.245 in the control group, respectively (p = 0.987).

3.3.3. Periapical Index ≥ 3 and Population

A total of 43 (71.7%) patients were found to have PAI ≥ 3. Not many differences were
found between both groups; regarding teeth with PAI ≥ 3, we found a slightly increased
number in the control group, 22 (73.3%), compared to the case subjects, 21 (70%) (p = 0.774).

3.3.4. Periapical Index ≥ 3 and Number of Present Teeth

Despite the finding between the number of PAI ≥ 3 per patient, we found that,
if we analyzed the PAI ≥ 3 teeth, we found, in total, an average of 1.77 ± 1.633 from
these; 1.93 ± 1.837 were part of the cases group and 1.60 ± 1.429 from the control subjects,
respectively (p = 0.436).

3.3.5. Number of Root-Filled Teeth

The total average of RFT in the 60 patients was 1.365 ± 1.736; from these, 1.43 ± 2.079
were from the cases and 1.30 ± 1.393 from the controls, respectively (p = 0.771).

3.3.6. Root-Filled Teeth with Periapical Index ≥ 3

From the total recount, 15 RFT (25%) were recorded; there were not many differences
between the groups. From these, 8 (26.7%) belonged to the control subjects and 7 (23.3%) to
the cases. We found that there was a higher prevalence of healthy RFT 45 (75%) than RFT
with PAI ≥ 3 15 (25%), respectively (p = 0.766).
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3.3.7. Stage of Periodontitis (Bone Loss)

Patients were categorized according to the Classification of Periodontal and Peri-
Implant Diseases and Conditions based on the AAP classification [39]. Stage I: bone loss
1–2 mm, Stage II: bone loss 3–4 mm, Stage III: bone loss ≥ 5 mm (≤4 of lost teeth), Stage IV:
bone loss ≥ 5 mm (≥5 of lost teeth).

A total of 22 (36.7%) patients were categorized into Stage I, 10 (33.3%) in the control
group and 12 (40%) in the cases group. A total of 30 (50%) patients were categorized into
Stage II, 16 (53.3%) from the control subjects and 14 (46.7%) from the cases group. None
of the patients were categorized into Stage III. A total of 18 (13.3%) were categorized into
Stage IV, 4 (13.3%) in each group (p = 0.854).

3.3.8. Number of Caries

The total no. of caries found in all of the subjects was 3.4 ± 2.775, a total of 2.33 ± 2.02
for the control group and 4.47 ± 3.53 for the case group (p = 0.007).

3.3.9. Cortical Width

The CW was measured in mm, and the average for the 60 patients in the study was of
3.525 ± 0.702, a total of 3.183 ± 0.675 for the control patients and 3.867 ± 0.73 for the case
group (p < 0.001).

3.3.10. Klemetti Index

The KI was categorized into three different stages; for all subjects, 43 (71.7%) were
categorized into C1, 20 (66.7%) for the control group and 23 (76.7%) for the cases. C2 was
recorded in a total of 17 (28.3%) patients; of these, 10 (33.3%) were from the control group
and 7 (23.3%) from the cases (p = 0.390).

3.3.11. Mattila Index

The Mattila Index was recorded in order to discover a correlation between caries and
periodontitis. From the total sample, 11 (18.3%) patients did not present an association
between caries and periodontal disease; from these, 9 (30%) were from the control patients
and 2 (6.7%) from the cases. A total of 49 (81.7%) patients were found to be suffering from
both caries and periodontitis; of these, 21 (70%) were from the control population and
28 (93.3%) from the cases (p < 0.05).

4. Discussion

The aim of this study was to investigate the possible correlation between AP and
COPD using a case-control study design.

4.1. Age and Gender

Because control subjects were (+/−5 years) paired by age and sex matched with case
subjects, there were no significant differences between control and case patients in age or
in gender.

4.2. Number of Present Teeth

According to Lang et al. [40], this study concluded that missing teeth (as well as
number of teeth per patient) performed well as an indicator of oral health status. The
average number of teeth per patient was similar in both groups; it can be considered that
the oral health status of the control and case subjects was comparable.

4.3. Periapical Index ≥ 3 and Population

The PAI scoring system has been modified and applied to epidemiologic [40,41] clinical
comparative studies of treatment outcome [41]. PAI was first described for periapical
radiographs [4], but numerous epidemiologic studies have used this index for panoramic
radiographies [41–46]. It has been reported that panoramic digital images find significantly
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higher percentages of teeth with PAI ≥ 3 [45–49]. On the other hand, other investigators
have found that the underestimation of lesions occurred when panoramic radiographies
were used [50–53]. As an outcome, it can be concluded that the number of teeth with
PAI ≥ 3 per patient is very similar between both groups, with an increased slightly tendency
among the control subjects. We can conclude that the controls from the study had a higher
tendency to suffer PAI ≥ 3 than the cases.

4.4. Periapical Index ≥ 3 and Number of Teeth

According to the study of Ridao-Sacie et al. [47], a total of 2088 teeth were examined,
and from that, 14.7% were found to be periapically diseased teeth in digital panoramic
images compared to 3.1% analyzed with periapical radiographs. The frequency of teeth
with AP in other studies varies from 0.6% in Eriksen et al. [48] to 9.8% in Allard et al. [49].
This range is large, probably due to the variation among the examined population. It can
be stated that these results tend to change depending on the examined population. In our
study, despite finding almost the same results between both groups analyzing the PAI ≥ 3
per patient, when we analyzed the number of PAI ≥ 3 per teeth, we observed that the
tendency had changed. We found that the number of PAI ≥ 3 (described as pathological)
per teeth was higher among the cases. As a result, we can conclude that the controls from
the study had a higher tendency to suffer from PAI ≥ 3; instead, each one of the cases had
more tendency to be suffering from PAI ≥ 3.

4.5. Number of Root-Filled Teeth

According to the study of Dydyk et al. [54] executed in an adult population of
435 patients from (Lviv, Ukraine), the overall percentage of RFT in adult dentition is
12.08%, and an increase of treated teeth with age was identified. A total of 82.5% examined
adults had one or more endodontically treated teeth in this study. In our case-control study,
we found a total of 82 RFT per 1070 present teeth from a total of 60 patients, estimating an
average of 7.66%. As a result, the average number of RFT was higher among cases. With
this fact, it can be reported that the case subjects required more endodontic treatments due
to pathological and medical conditions, among other possibilities.

4.6. Periapical Index ≥ 3 and Root-Filled Teeth

It has repeatedly been demonstrated that the preoperative presence or absence of AP
is one of the most important prognostic factors for a root-canal-treatment tooth [55–58].
According to Kirkevang et al. [56], the difference between the PAI score distribution of RFT
and of teeth without root filling was statistically significant on all occasions, concluding that
teeth without root filling had a much lower PAI score. It was finally concluded that each
one of the five score categories had a distinct prognostic value for the course of periapical
disease over a 5-year period, for both non-root-filled and root-filled teeth. Moreover, the
higher the baseline PAI, the higher risk for the tooth to be extracted, which could explain the
fact that, in our study, the case group had a smaller number of PAI ≥ 3 per endodontic tooth;
this could be because of the final extraction of the tooth, due to the increased progression of
the AP. It was also found that there were more RFT without PAI ≥ 3 than with PAI ≥ 3; with
this, we can conclude that endodontic treatment could have cured and healed a possible
tooth with a periapical lesion.

4.7. Cortical Width

On the panoramic radiographies, some anatomical and pathological structures can be
found, and information provided by these is helpful to establish a proper osteoporosis diag-
nosis, to propose a treatment plan and to evaluate the results of the treatment (Maćkowiak
et al. [58]). Different studies use these radiographies for the estimation of different mandibu-
lar parameters, mainly the distances between elements on the body of the mandible. The
measure was done on the panoramic radiographies measuring the mandibular cortical
thickness below the mental foramen. According to Abhyankar et al. [59], panoramic digital
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X-rays are used for the diagnosis of osteoporosis, measuring the distance of CW; after
this, the patients are classified as having a low bone-mineral density or normal bone-
mineral density. Abnormalities in the CW as imaged on the panoramic radiography may
be indicative of osteoporosis (especially in postmenopausal women). Some authors like,
Karayianni et al. [60], concluded that, if the CW is <3 mm, an individual should be referred
for further osteoporosis investigation.

As a result, we found similar results among the cases and the controls; the average from
all the patients together from our study present a CW > 3 mm and no pathological signs.

4.8. Klemetti Index

The KI, according to López-López et al. [36], is based in a simple visual check of the
trabecular pattern that enables us to observe if there is evidence of the loss of bone mass.
The visual exams tend to be a bit subjective, as they depend on the level of training of
the examining doctor. In our study, we could observe that the majority of the 60 patients
present a KI according to a C1, regardless of the many differences between both groups.
This could be because most of the patients from our sample were men (86.6%), and, as
we have mentioned before, most the osteoporotic patients are female. Another reason is
that, in Europe and more specifically in Spain, there is not much prevalence of severe bone
pathologies compared to other parts of the world that could be more affected by them,
so we can conclude that, in our geographic area, it is more common to find categories
according to C1.

From the study of López-López et al. [31], we can extract C1: the endostic margin is
uniform and marked on both sides; C2: slightly or moderately eroded, the endostic margin
appears to have semi-lunar defects (lacunar resorption), or there appear to be forms of
cortical residues; C3: cortex severely eroded, the cortical bone is clearly porous, and there
is a significant amount of residue.

4.9. Stage of Periodontitis (Bone Loss)

According to Helmi et al. [61], the global burden of oral conditions in 2010 affected
nearly 4 billion people; severe periodontitis was ranked the sixth most-prevalent con-
dition, with about 744 million individuals affected globally. The use of radiographs to
assess alveolar bone loss appears frequently in the literature. In this study, a total of
1131 individuals were included in the analysis; overall periodontitis prevalence for the
sample was 55.5% (±1.4%); the moderate periodontitis prevalence was 20.7% (±1.2%),
while 2.8% (±0.5%) of the whole sample had severe periodontitis. All three case definitions
were highest among 65+ year-old, males, former smokers, those with CVD and stage 2
hypertension subjects. Mean increase in bone loss was higher for older age groups; males
had higher amounts of bone loss than females, who have a higher risk of developing
periodontal diseases with significantly higher alveolar bone loss. The existence of different
predictive factors has different risks for the progression of periodontal diseases. That is
why further analysis of the social determinants of health is a necessity to understanding all
factors participating in the development of diseases and their associated risk factors.

Focusing on our study, there was no significative difference between both groups.
It was reported that all patients had at least some beginnings of bone loss. All of them
were staged according to (Stage I, Stage II, Stage III, Stage IV), and we can extract that the
prevalence of bone loss could be directly correlated to the fact that the 86.6% of our sample
was men. Furthermore, we can correlate the facts for patients in a range of age from 50 to
88 years old. The existence of risk factors and the medical conditions of each subject can
also be directly correlated with the existence of bone loss and subsequently an instauration
of periodontitis.

4.10. Number of Caries

According to Jepsen et al. [62], the prevalence of dental caries and periodontitis is high,
with untreated dental caries being the most-common disease affecting humans worldwide
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(GBD 2016). C. Heng [63] concluded that the prevalence of dental caries in permanent
teeth was of 58% and that about 90% of adults aged ≥20 years had dental caries. In our
study, there was a much higher prevalence of caries in the cases; this could be due to the
existing correlation between caries and periodontitis. As an outcome, there could also
be an association between the presence of the medical conditions from the cases and the
prevalence of caries.

4.11. Mattila Index

The study carried out by Mattila et al. [64] concluded that severe periodontal diseases
and dental caries tend to accumulate in the same subjects. According to Mattila et al. [64],
64% of subjects had periodontal disease; of these, 33% had significantly more dental
caries compared with those without periodontal disease (23%). As a result, in our study,
it can be considered that patients tend to have more caries if they present any sign of
periodontal disease.

Finally, as part of the study, we delimited a series of limitations exposed before. In
addition, panoramic radiography has been used to assess cortical thickness and bone
loss [65–67]; however, the data obtained should be evaluated with caution because the
technique used is not the best.

5. Conclusions

In conclusion, the results of the present study show that, after adjusting for age, gender,
number of teeth, endodontic status and medical conditions, it can be concluded that: there
is not a significative association between the number of PAI ≥ 3 per patient among those
suffering from COPD. In fact, it can be concluded that patients with diagnosed COPD
tend to have more teeth with PAI ≥ 3. Furthermore, the population suffering from COPD
tends to need more endodontic treatments; these patients also have a smaller number
of PAI ≥ 3 per endodontic tooth because of the final extraction of the tooth due to the
increased progression of the AP.

Cases and controls from this study reported the same average of CW, >3 mm, in those
without any pathological sign. The studied patients were all categorized as C1, according
to the KI, regarding their gender and geographic conditions. All subjects participating in
the study reported some beginnings of bone loss that can be directly associated with the
presence and instauration of periodontal diseases. As evidence it can be concluded that
patients with COPD present more teeth with caries and that those who have COPD and
periodontal disease tend to accumulate more caries.
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