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Relationship between inflammation site
and apical periodontitis in patients with severe
endodontic pain

ABSTRACT Tuna Kaplan

Sema Sonmez Kaplan®
Ai_m: To assess the reI«_ation_ship betweep inﬂammation site _and apicgl p'erio_dontitis in patier_vts Giizide Pelin Sezgin
with severe endodontic pain on periapical radiographs using a periapical index (PAl) scoring
system. Department of Endodontics, Faculty
Methodology: This was a retrospective study of patients who visited the Department of of Dentisrty, University of Biruni,
Endodontics, Faculty of Dentistry, X University between January 2020 and December 2021 Istanbul, Turkey.

with the complaint of severe endodontic pain. After application of specific exclusion criteria,
985 patients with severe endodontic pain were included. Inflammation in the patient pop-
ulation was classified as follows: a positive response to the electric pulp test (stage 1), a
negative response to the electric pulp test without swelling (stage 2) or a negative response
to the electric pulp test with swelling (stage 3). Using the PAl scoring system, periapical
status was then classified as healthy (PAI: 1 or 2) or unhealthy (PAI: 3, 4 or 5). The level of
significance was set at 5% (p<0.05).

Results: The lowest severity of apical periodontitis (AP) was found in patients with a posi-
tive response to the electric pulp test (stage 1) (p<0.05). Among cases with a negative re-
sponse to the electric pulp test, the incidence of AP was significantly higher in patients with
swelling than in those without swelling (p<0.05).

Conclusions: The present study detected a relationship between the main site of inflam-
mation and AP in patients with severe endodontic pain. The presence or absence of AP
might serve as a useful indicator in patients with severe endotontic pain.
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Introduction

proper endodontic diagnosis
is essential to guide appro-
priate treatment. In the past,
histological, clinical and
radiographic findings were
used to guide the diagnosis. However, the
relationship between these findings and
tooth status was not always clear (1, 2). In
recent years, to improve the endodontic
diagnostic approach and overcome diag-
nostic difficulties due to dilemmas, dental
anamnesis and clinical and radiographic
evidence have been used (3, 4). As endo-
dontic infections arise in the pulpal space
and then spread to the periapex (5), endo-
dontic diagnosis depends on pulp vitality,
percussion sensitivity and palpation tests,
which are used to determine the status of
periapical tissues (3). The endodontic di-
agnosis is relatively uncomplicated in
patients who present with severe pain or
spontaneous pain. However, the histolog-
ical and clinical evidence may be incon-
clusive in patients who present without
pain (6-8).
Thus far, no studies have investigated
periapical radiographic findings in endo-
dontic patients with severe pain. From a
clinical perspective, this might appear
insignificant, as root canal treatment is
indicated in such conditions, whether
bone resorption is detected on a periapi-
cal radiograph or not. However, it is im-
portant to clarify this relationship to
identify the source of pain and origin of
endodontic infection. Due to the way in
which teeth and surrounding tissue is
encoded by the sensory nervous system,
inflammation of various structures (i.e.,
pulp, periodontal ligament, or perioste-
um) can cause pain (9).
Periapical radiographs are routinely used
to examine healing progress in endodon-
tically treated teeth using a periapical
index (PAI) scoring system (10). This scor-
ing system was developed based on histo-
logical and radiographic examinations of
teeth in human cadavers (11, 12). Using the
PAI scoring system, inflammation is as-
sessed on a scale of 1-5, where 1 denotes
no inflammation and 5 denotes severe

inflammation. As the PAI scoring system
is based on cadaver studies, whether the
examined teeth were symptomatic or not
at the moment of death is unclear. In ad-
dition, these studies did not address su-
perimposition related to posterior teeth.
An additional weakness of the PAI scoring
system is its dependence on visible evi-
dence from images of inflammation stages
as they appear on periapical radiographs
(11-13).

In the last decade, the use of cone-beam
computed tomography (CBCT) in endodon-
tic diagnosis has increased. However,
CBCT is not routinely used to aid endo-
dontic diagnoses due to its high radiation
dose (14, 15). Furthermore, previous re-
search demonstrated that periapical in-
flammation identified by CBCT may be
temporary, even in cases of a high level of
inflammation (16). In addition, a study
focusing on RANKL/osteoprotegerin and
interleukin-8 in pulpal and periapical
pathology pointed out that bone resorption
takes precedence over inflammation (17).
On the other hand, such differences relat-
ed to highly inflamed pulps were not in-
vestigated on periapical radiographs, al-
though the opinion that small periapical
lesions cannot be identified in posterior
teeth has been disputed (18-20).

Given the importance of periapical radio-
graphs in endodontic diagnosis, it is im-
portant that they shed light on bone in-
flammation. Unexpectedly, there seems to
be an absence of information correlating
severe pain and inflammation in endodon-
tic patients based on periapical radio-
graphs. Thus, the aim of the present study
was to correlate inflammation (stage) with
periapical status (healthy or unhealthy) in
patients who presented to our department
with severe endodontic pain using peria-
pical radiographs and the PAI index.

Materials and Methods

Study design

The present study was approved by the
ethics committee of X University (2022/66-
17) and performed in accordance with the
Declaration of Helsinki. The records of
patients who visited the Department of
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Endodontics, Faculty of dentistry, X Uni-
versity between January 2020 and Decem-
ber 2021 with severe endodontic pain were
examined retrospectively. At the time of
presentation, the patients were questioned
about primary problems and symptoms.
All the patients then underwent a complete
endodontic evaluation by the endodontist
on duty at the time. The examiners who
performed during the evaluation had been
calibrated.

Exclusion criteria

The exclusion criteria included pregnancy,
immunosuppressive drug taking, long-term
use of anti-inflammatory drugs and anti-
biotics use over the previous month. In
addition, to ensure that only patients with
severe pain of endodontic origin were
included, all patients with a Visual Ana-
logue Scale (VAS) score of <7 were exclud-
ed. Additional exclusion criteria were
commencement of endodontic treatment
for the patient’s complaint at another in-
stitution or failure to make an accurate
diagnosis. Finally, periapical radiographs
with artefacts and of poor quality were
excluded.

Clinical and radiographic assessment
The patients scored the highest pain level
experienced in the previous 24 hours on
the VAS, where a VAS score of 0 denoted
“no pain” and a score of 10 denoted “the
worst pain imaginable” (21). The patients
were also asked about the pain duration
of the affected teeth, including whether
they had experienced spontaneous pain
for more than 1 week. Inspection of the
affected tooth and surrounding tissues,
an electric pulp test and a percussion
sensitivity test were performed for clin-
ical examination. The affected tooth was
compared to the contralateral tooth,
which was free of pain and swelling. The
dental history of each patient was docu-
mented in a chart. Periapical radiographs
were taken using a phosphor plate radi-
ography system (Diirr Dental, Bi-
etigheim-Bissingen, Germany) with a film
holder, using the parallel technique for
standardization.

In the retrospective evaluation, one expe-
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rienced endodontist assessed the radio-
graphs using Picture Archiving and
Communication Systems software version
(1.1.1.6) for Windows 10 (Microsoft Corpo-
ration, Redmont, WA, U.S.A.), with the
images displayed on a 28-inch Samsung
LU28H750UQMXUF (Samsung Electronics,
Seoul, South Korea) at a 3,840x2,160 pixel
resolution.

Data collection

Patient age and sex, pain duration (<1 week
and >1 week), sensitivity to percussion,
location (maxilla or mandible), tooth type
(incisor, canine, premolar, or molar), pres-
ence and type of restoration (composite,
amalgam, crown, or bridge abutment),
presence of root canal filling, response to
the pulp vitality test (positive or negative)
and presence of swelling were recorded in
a specially designed form.

Assessment of periapical status
Periapical status was assessed radiograph-
ically using the 5-point scale of the PAI
scoring system to determine the presence
of periapical pathology (12). For calibration,
two endodontists with at least 5 years of
experience examined 50 periapical radio-
graphs. Disagreement between the exam-
iners was resolved through discussion
until consensus was reached. The calibra-
tion was performed twice, with a 1-week
interval. Intra- and interexaminer consen-
sus were then calculated using Cohen’s
kappa coefficient. For intraexaminer
consensus, the values were 0.79 and 0.76,
and the value for interexaminer consensus
was 0.71, suggesting substantial agreement
(22). Both endodontists then assessed the
periapical radiographs under standard
conditions. In cases of uncertainty, the
higher PAI score was selected. For multi-
rooted teeth, the highest PAI score assigned
to individual roots was used. During the
evaluation, the examiners were blinded to
both patient- and tooth-related informa-
tion.

Statistical analysis

For statistical analysis, inflammation was
classified as positive response to the elec-
tric pulp test (stage 1), negative response
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to the electric pulp test without swelling
(stage 2) or negative response to the electric
pulp test with swelling (stage 3), and peri-
apical status (healthy=PAI of 1 or 2; un-
healthy=PAI of 3, 4 or 5). IBM SPSS Statis-
tics for Windows, version 22 (IBM Corp.,
Armonk, NY, U.S.A.) was used for statis-
tical analysis of the findings. A chi-square
test was used to compare qualitative data.
Descriptive data are presented as mean,
standard deviation and frequency. The
level of significance was set at 5% (p< 0.05).

Results

Demographic data

Between January 2020 and December 2021,
2,051 patients visited the Department of
Endodontics, Faculty of Dentistry, X Uni-
versity with severe endodontic pain. After
elimination of patients according to the
exclusion criteria, 985 patients were in-
cluded in the study. The mean age of the
patients was 32.9+12.8 years. The male:fe-
male ratio was 40.9:59.1%.

Evaluation of clinical status

The incidence of stage 2 inflammation was
significantly higher than stage 1 or 3 in-
flammation. In addition, the incidence of
stage 1 was significantly higher than stage
3 (Table 1).

In terms of pain history, it was significant-
ly longer in the stage 1 group than stage 2
and stage 3 groups (p<0.05). Percussion
sensitivity was significantly lower in the
stage 1 group as compared with that in the
other groups (p<0.05). The percentage of
incisors and restored teeth was significant-

Table 1
Evaluation of clinical status
Subject
n %

Stage 1 381 38.7
Stage 2 526 53.4
Stage 3 78 7.9

p 0.000*

One sample chi-square test

*p<0.05

ly lower in the stage 1 group as compared
with that in the other groups (p<0.05). The
percentage of canines in the stage 3 group
was significantly higher than that in the
other groups (p<0.05), whereas the percent-
age of molars in the stage 1 group was
significantly higher compared to that in
the other groups (p<0.05). In the stage 3
group, the incidence of endodontically
treated teeth was significantly higher in
comparison with that in the stage 2 group
(p<0.05) (Table 2).

Correlation between clinical status and AP
A correlation was detected between the
main site of inflammation and pain sever-
ity. In this study, a PAI score of 3 or higher
denoted AP. The incidence of AP was
lowest in the stage 1 group (pulpal inflam-
mation) (p<0.05). The incidence of AP was
significantly higher in the stage 3 group
than that in the stage 2 group (p<0.05)
(Table 2).

Further evaluation of AP

Neither age nor sex was statistically sig-
nificantly associated with the presence of
AP. The incidence of AP was significantly
higher in patients with pain histories of
more than 1 week and sensitivity to per-
cussion (p<0.05). Teeth located in the
mandible also had higher percentages of
AP (p<0.05). Furthermore, incisors showed
a statistically higher presence of AP than
other tooth types (p<0.05). The incidence
of AP in endodontically treated teeth in
the stage 3 group was significantly higher
than that in the stage 2 group (p<0.05)
(Table 3).

Discussion

The present study on patients who present-
ed to our department with severe endo-
dontic pain showed that inflammation was
correlated with AP based on a retrospec-
tive evaluation of periapical radiographs,
PAI scores and clinical status.

PAI scores projected the process of inflam-
mation from the pulp to the periodontal
ligament and later periapex. Furthermore,
PAI scores of the teeth were not signifi-
cantly affected by anatomical structures.
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Table 2
Evaluations of case groups
Stage 1 | Stage 2 | Stage 3
p
n (%) n (%) n (%)
13-19 89 (23.4) | 102 (19.4) | 22 (28.2)
20-29 88 (23.1) | 112 (21.3)| 16 (20.5)
30-39 111 (29.1)|138 (26.2) | 12 (15.4)
Age 0.002*
40-49 69 (18.1) | 100 (19) |14 (17.9)
50-59 17 (4.5) 37(7) |10(12.8)
60+ 7 (1.8) 37 (7) 4(5.1)
Male 162 (42.5) | 215 (40.9) | 26 (33.3)
Sex 0.323
Female |219(57.5)|311 (59.1)| 52 (66.7)
Duration <1 week |110 (28.9)|298 (56.7)|53 (67.9) 5.000%
of pain >1 week |271 (71.1)|228 (43.3) 25 (32.1)
Percussion Absent 99 (26) | 100 (19) | 9 (11.5) 0000+
sensitivity Present | 282 (74) | 426 (81) | 69 (88.5)
Maxilla | 186 (48.8)|274 (52.1) | 37 (47.4)
Jaw 0.534
Mandible |195 (51.2)|252 (47.9)| 41 (52.6)
Incisor 11(2.9) | 41(7.8) | 9(11.5)
Canine 12 (3.1) | 20(3.8) 7(9)
Tooth type 0.000*
Premolar | 75 (19.7) | 107 (20.3) | 23 (29.5)
Molar  |283(74.3)|358 (68.1)| 39 (50)
None 273 (71.7) | 250 (47.5)| 33 (42.3)
Composite | 68 (17.8) | 131 (24.9) | 27 (34.6)
Restoration | Amalgam | 40(10.5) |102 (19.4)| 9 (11.5) | ; 450«
Crown 0 (0) 16 (3) 2 (2.6)
Bridge
abutont 0 (0) 27 (5.1) 7(9)
Root canal Absent | 381 (100) | 423 (80.4) | 51 (65.4) 0.000%
filling Present 0(0) |103(19.6)| 27 (34.6)
Absent | 368 (96.6)| 338 (64.3)| 10 (12.8)
AP 0.000%*
Present 13 (3.4) |188(35.7)| 68 (87.2)

Chi-square test *p<0.05
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In addition, most of the patients with
negative responses to the electric pulp test
who had severe endodontic pain did not
show evidence of AP at the time of the
evaluation.

Despite a lack of certainty in endodontic
diagnosis in patients presenting with tooth
pain, inflammation can be classified as
follows: stage 1, severely painful inflam-
mation of the pulp; stage 2, severe tooth
pain with necrotizing or necrotic pulp;
and stage 3, severe periapical pain with
swelling. The decision to perform root
canal treatment is based on both a clinical
and radiographic examination.
Considering the routine use of digital
periapical radiography, it is surprising that
there have been no systematic studies of
periapical radiographic images obtained
from patients with severe endodontic pain.
The present study aimed to shed light on
this subject. No histological or CBCT ex-
amination results exist to confirm our
findings. As this was a retrospective study,
a histological examination was not prac-
ticable. Furthermore, to prevent unneces-
sary exposure to radiation, CBCT was not
performed in cases of severe endodontic
pain where the cause of the pain could be
clearly diagnosed

In accordance with similar studies in the
literature (23, 24), the incidence of a neg-
ative response to the vitality test was
significantly higher in patients than in
those with a positive response to the vi-
tality test. The patients in the present study
were selected from those who attended a
university hospital. The socioeconomic
status of the patients who attend such
hospitals, which provide free or low-cost
care, tends to be relatively low, and the
patients tend to neglect dental care needs.
The aforementioned may explain the high
incidence of necrotic pulp cases in the
present study. Rechenberg et al. found that
teeth in stage 1 group were less restored
(24). In this study, the restored teeth in this
case group were significantly lower than
in the other groups.

This finding is also likely due to neglect
of dental care, with the patients not con-
sulting a dental practitioner until they
experienced severe pain. Failure to seek
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Table 3
Evaluations regarding the presence of AP
Without AP With AP
n (%) n (%) P
13-19 152 (71.4) | 61 (28.6)
20-29 158 (73.1) | 58 (26.9)
30-39 201 (77) 60 (23)
Age 4049 135(73.8) | 48262 | 0O
50-59 38 (59.4) 26 (40.6)
60+ 32 (66.7) 16 (33.3)
Male 285 (70.7) 118 (29.3)
.24
Sex Female 431 (74.1) 151 (25.9) 0248
Duration <1 week 298 (64.6) 163 (35.4) 0.000%
of pain >1 week 418 (79.8) | 106 (20.2) '
Percussion Absent 164 (78.8) 44 (21.2) 0.025*
sensitivity Present 552 (71) 225 (29) '
Maxilla 377 (75.9) | 120 (24.1)
J 0.024*
aw Mandible | 339 (69.5) | 149 (30.5)
Incisor 33 (564.1) 28 (45.9)
Canine 25 (64.1) 14 (35.9)
Tooth t 0.000*
ooth bype Premolar 140 (68.3) | 65 (31.7)
Molar 518 (76.2) | 162 (23.8)
Composite 136 (60.2) 90 (39.8)
Restoration Amalgam 107 (709) 44 (291) 0.108
(n=429) Crown (50) 9 (50) '
Bridge
abutment 21 (61.8) 13 (38.2)
Root canal Absent 672 (78.6) 183 (21.4)
filli 0.000*
(n=602) Present 44.(33.8) | 86 (66.2)
Chi-sqare test *p<0.05

prompt tooth restoration treatment for
primary caries lesions led to severe inflam-
mation and pain.

A comprehensive systematic review of the
literature may clarify and aid clinicians
in performing an optimal root canal treat-
ment (25). On the other hand, pain may be
considered as a pre-operative diagnostic
criterion as well as a treatment success
parameter (26). In the present study, the
percentage of patients in the stage 1 group
with a pain history of more than 1 week
was significantly higher than that in the
other groups. Rechenberg et al. presented
a similar result (24). This finding can be
explained by inflammation not yet reach-

ing the periapical tissues. Thus, a pain
history of 1 week or longer may be seen in
patients with stage 1 inflammation.
Pulpal inflammation may give rise to se-
vere pain, emergency visits to dental
clinics and systemic symptoms (23, 24, 27).
The diagnoses in the present cases were
uncomplicated, with progression of pulpal
inflammation, as demonstrated by a posi-
tive response to the electric pulp test, to
inflammation affecting the periodontium
and then periapical tissue. Many of the
patients in the present study showed ten-
derness to percussion. Based on the termi-
nology of the American Association of
Endodontists, the endodontic diagnosis in
these cases may have been symptomatic
AP.

In this context, it is natural that the per-
centage of percussion sensitivity was sig-
nificantly lower in the group with a posi-
tive response in the electric pulp test than
that in the other groups and significantly
higher when AP was present compared to
when AP was absent.

In the present study, AP more commonly
affected the mandible than maxilla.
Among tooth types, molars were least af-
fected by AP. In contrast, Rechenberg et
al. found no significant difference in AP
according to tooth type (24). Differences
in the study population, dental care habits
and assessment methods may explain the
discord between the results of the two
studies.

Of note, in this study, 38.6% of patients
with a negative response to the electric
pulp test showed no signs of AP (PAI score
<3). The most probable reason for this
finding is lesion dynamics. In addition,
most of the patients with a negative re-
sponse to the electric pulp test in the
present study declared that the pain du-
ration was less than 1 week. The presence
of AP may explain the pain duration in
these patients.

In the present study, the periapical radio-
graphic images showed the primary site
of inflammation in patients with severe
endodontic pain. In most cases, inflamma-
tion and severe pain showed rapid onset,
with no history of periapical lesions. In
our study, the incidence of endodontically
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treated teeth and that of AP were low. This
finding is in line with that of studies re-
porting that severe pain in the presence of
persistent AP is rare (24, 28).

On the other hand, Rechenberg et al. re-
ported a relatively high incidence of AP in
endodontically treated (root-filled) teeth,
as reflected by higher PAI scores (24).
Similarly, the presence of AP was more
common among endodontically treated
teeth in this study.

Factors that can lead to AP include un-
treated root canals, inadequate root canal
obturation and iatrogenic procedural er-
rors. An endodontic infection, whether
symptomatic or asymptomatic, is affected
by the number and virulence of microor-
ganisms and the state of the immune
system (29).

Rechenberg et al. reported that periapical
inflammation accompanied by severe pain
may be associated with the volume of root
canal accessible to microorganisms (24).
This may explain why the percentage of
endodontically treated teeth was low in
the present study. However, it should be
acknowledged that the cause of severe
endodontic pain remains unexplained in
most cases. Further studies are needed to
shed light on this subject, as it is a signif-
icant part of clinical endodontics.

Conclusions

The present study detected a relationship
between the main site of inflammation and
AP in patients with severe endodontic
pain. As compared with patients with a
negative response to the electric pulp test,
those with a positive response to the elec-
tric pulp test were characterized by a pain
history of more than 1 week, less percus-
sion sensitivity, less number of dental
restorations and less presence of AP. AP
was associated with a pain history of less
than 1 week, percussion sensitivity, man-
dibles, endodontic treatment and a negative
response to the electric pulp test.
Considering these findings, the presence
or absence of AP might be a useful indica-
tor of endodontic diagnosis in patients
with severe endodontic pain.
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Clinical Relevance

To provide information about the relation-
ship between the inflammation and the
periapical status, as it is an important part
of endodontics and as there is an absence
of information correlating severe pain and
inflammation in endodontic patients based
on periapical radiographs.
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