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Summary

There is a plethora of pathologies that might be associated with the presence of third molar
teeth (M3s). In the following study, the impact of M3s status on the occurrence of radiographic
lesions of adjacent second molars (M2s) was evaluated.

A total of 1,988 panoramic radiographs were included in the statistical analysis. M3s were
categorized as non-impacted (N-M3s) or impacted (I-M3s). I-M3s were subsequently divided
into partially or completely impacted. Radiographic lesions in the second molars area, such
as caries, external root resorption (ERR), and alveolar bone loss (ABL) were assessed. For the
purpose of statistical analysis, the level of significance was set at 0.05.

Among all evaluated panoramic radiographs, 1,621 (81.13%) showed at least one N-M3, 535
(26.78%) at least one partially I-M3, and 344 (17.2%) at least one completely I-M3. In the pres-
ence of M3s, the frequency of caries, ERR and ABL was determined at 17.98%, 0.68% and 23.96%,
respectively, with the odds ratio (OR) for the occurrence of the above-mentioned pathologies
at the level of 1.23, 6.97 and 1.31. Notably, the presence of N-M3s particularly increased the
odds of caries, while I-M3s significantly increased the odds of ERR and ABR (ORs = 1.42; 26.0;
2.36, respectively).

The presence of M3s, irrespective of their impacted or non-impacted status, increases the
risk of pathologies in M2s. Therefore, prophylactic extraction of M3s or active surveillance
of patients could be recommended.
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INTRODUCTION

MATERIALS AND METHODS

Extraction of third molar teeth (M3s) is one of the most
frequently performed surgical procedures in oral sur-
gery [27]. Impacted third molars (I-M3s) are teeth with
completely formed roots, when at least 2 years have
passed since the expected time of their eruption [2, 17].
The prevalence of third molar impaction ranges from
16.7% to 66.86% [14]. The majority of studies found no
gender predisposition in M3s impaction, albeit some
reported a higher frequency in females [15, 19]. I-M3s
can be further divided into completely impacted
(entirely within the bone) and partially impacted
(completely below the mucous membrane). The etiology
of M3s impaction is multifactorial and may be affected
by numerous systemic, local and genetic factors [9].
The factor of utmost importance is the lack of space due
to discrepancy between maxilla/mandible and tooth
size.

M3s eruption might be associated with various com-
plaints reported by patients, such as swelling or pain
in the area of interest, trismus, bad taste and breath in
the mouth. By the same token, indications for removal
of M3s include possible development of diseases, such
as pericoronitis, caries of the third or second molar
tooth (M2s), periodontitis and alveolar bone loss (ABL),
external resorption of the distant root of second molar
(ERR), cysts and odontogenic tumors [22]. Some of them
may be due to the inaccessibility of this area for ade-
quate oral hygiene. Since there is a large number of fea-
sible complications associated with the presence of M3s,
these teeth might be considered to be prophylactically
removed at a young age. Such an approach would sig-
nificantly diminish the number of the above-mentioned
complications, as well as reduce the risk of difficulties
which are inextricably linked to the procedure itself
and aggravate with increasing age, for example alveo-
lar osteitis, inferior alveolar or lingual nerve injury and
mandibular angle fracture [8]. All things considered,
young patients would benefit from early surgical M3s
removal; hence, completely grown and more angulated
roots of these teeth will require more invasive surgery
in adults [20]. Nevertheless, the professional decision
for surgical removal of I-M3s may present a clinical chal-
lenge, especially in the case of asymptomatic teeth.

Despite an impressive volume of nationwide literature
on the potential for development of pathologies in the
vicinity of M3s has been published, the occurrence of
pathologic changes in adjacent M2s in Poles has not
been evaluated so far. The aim of this study was to inves-
tigate the effect of M3s status on the occurrence of cer-
tain radiographic lesions in distal aspects of adjacent
M2s, such as caries, ERR and ABL, based on panoramic
radiographs.

Selection of patients

The study protocol was approved by the Bioethics Com-
mittee of the Medical University of Warsaw (MUW).
Panoramic radiographs of patients, who were referred to
the Department of Periodontal and Oral Mucosa Diseases
of MUW from January 2019 to September 2019, were eval-
uated. Panoramic radiographs were taken in the Depart-
ment of Dental and Maxillofacial Radiology of MUW
with a panoramic x-ray machine (Vatech Pax-i, Vatech,
Prague, Czech Republic) 70-85 kVp and 4-10 mA with the
exposure time of 9-19 seconds, and subsequently ana-
lyzed by means of digital viewer (MicroDicom - DICOM
viewer, microdicom.com). The exclusion criteria were
as follows: 1) age under 19 years; 2) intraosseous disor-
ders; 3) craniofacial disorders; 4) craniofacial traumas
(fractures of the mandible/maxilla); 5) undergoing
orthodontic treatment; 6) M3 root formation below
2/3 of the expected length; 7) quadrants without M2; 8)
quadrants with M2 or M3 significantly damaged by car-
ies; 7) panoramic radiographs of insufficient quality.

After evaluation of 2500 panoramic radiographs and
medical records, based on inclusion and exclusion cri-
teria, 1998 X-rays were included in the study (853 men
and 1145 women; aged = 19 years, mean age: 37.5 years).
Demographic data (patient’s age and gender) were
acquired from medical charts. The exclusion criteria
were applied for the quadrants, and 7304 quadrants were
qualified for the study. Among all 1998 subjects, 1621
participants (81.13%) had at least one N-M3, 535 partici-
pants (26.78%) had at least one partially I-M3, and 344
participants (17.2%) had at least one completely I-M3.

Evaluation of panoramic radiographs

Panoramic radiographs were analyzed by two expe-
rienced researchers (DP and SW) and the status of the
second and third molars was assessed. The third molars
were classified as absent or retained. Consequently,
retained third molars were divided into N-M3s, partially
[-M3s and completely I-M3s. N-M3 was defined as a fully
erupted third molar that reached the occlusal plane and
showed no deviation from the long axis of M2 exceed-
ing 10 degrees in mesio-distal dimension. M3 was clas-
sified as partially I-M3 when the tooth did not reach the
occlusal plane and as completely I-M3 when the tooth
did not reach the occlusal plane and was entirely posi-
tioned within the bone (Figure 1).

Panoramic radiographs were also evaluated for the con-
secutive pathologies on distal surface of M2s: 1) car-
ies - both primary and secondary; 2) ERR - a clear loss
of substance in the root of M2s due to direct contact
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Fig. 1. Position of third molar tooth (M3s) in dental arch with respect to occlusal plane: a) fully erupted, non-impacted third molar; b) partially impacted third molar;

¢) completely impacted third molar

Fig. 2. Radiographic lesions of second molar teeth (M2s) adjacent to third molar teeth (M3s): a — distal caries; b — external root resorption (ERR); ¢) alveolar bone loss (ABL)

between it and the impacted M3s, in accordance with
Al-Khateeb and Bataineh criteria [1]; 3) ABL - at least
20% of bone loss recorded in relation to the root of M2s.
In case of more than one radiographic lesion, they were
considered separately. All three evaluated pathologies
are presented in Figure 2.

DATA ANALYSIS

Statistical analyses were carried out using Statistica 13
[Dell Inc. (2016); Dell Statistica (data analysis software
system), version 13; software.dell.com]. To present data
frequencies and ratios were used. A multivariate logistic
regression analysis was applied to evaluate the impact
of M3s status on M2s pathologies. The odds ratio (OR)
was calculated separately for caries, ERR and ABL, after
adjusting for age and gender. The level of significance
was set at 0.05. The presence of the indicated pathologies
was compared in the following groups: 1) M3s absent
or present; 2) M3s absent, non-impacted or impacted,;
3) M3s absent, partially or completely impacted. The ref-
erence group consisted of quadrants with M3s missing.

RESULTS

Table 1 shows the prevalence of caries, ERR, and ABL in
the absence or presence of a third molar tooth. All of
the above-mentioned lesions were more frequent when
M3s were present.

Upon categorizing M3s into non-impacted or impacted,
N-M3s were more often connected with the presence
of caries and ABL on the one hand, and less often with
ERR on the other hand, when compared with I-M3s
(Table 2).

Table 3 presents a sub-classification of the impacted M3s
into complete and partial retention. In the case of com-
pletely I-M3s, caries and ABL were less frequent, while
ERR of M2 was twice as prevalent.

Table 4 depicts the odds ratio for the occurrence of
radiographic lesions in the presence or absence of M3s.
As a result, the presence of M3s significantly increased
the odds of occurrence of all of the evaluated pathol-
ogies in the mandible, whereas in the maxilla only
a higher chance of ERR was observed.

Subsequently, M3s were divided into erupted teeth and
impacted teeth, as presented in Table 5. The relation-
ships of N-M3s with prevalence of evaluated radio-
graphic lesions were assessed by means of two reference
groups: M2s adjacent to absent M3s (negative controls)
and M2s adjacent to I-M3s (positive controls). In max-
illa, the presence of 1-M3s was associated with higher
chances of caries, ERR and ABL, while the presence of
N-M3s increased the odds of caries alone. In mandible,
N-M3s significantly increased the odds of caries, but
I-M3s increased the odds of ERR and ABL. Notably, when
data from maxillary and mandibular quadrants were
assessed together, I-M3s significantly increased the odds
of caries, ERR, and ABL, with ORs of 0.77, 26 and 2.36,
respectively.

The influence of type of M3s retention on distal patholo-
gies of M2s is shown in Table 6. Partially I-M3s in maxilla
increased the odds of all three evaluated lesions, while
the presence of completely I-M3s did not significantly
increase the chances of caries. Similar associations could
be observed in mandible. When data from both upper
and lower quadrants were evaluated together, partially
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Table 1. Distal pathologies in adjacent second molars (A-M2) in quadrants with or without third molars (M3)

M3 status (Caries External root resorption (ERR) Alveolar bone loss (ABL)
Absent, n (%) 299 (14.83) 2(0.09) 386(19.2)
Present, n (%) 951(17.98) 36(0.68) 1268 (23.96)

Table 2. Distal pathologies in adjacent second molars (A-M2) in quadrants with non-impacted third molars (N-M3) or with impacted third molars (I-M3)

M3 status Caries External root resorption (ERR) Alveolar bone loss (ABL)
[-M3, n (%) 186 (12.93) 35(242) 510(35.5)
N-M3, n (%) 765(19.9) 1(0.03) 758(19.72)

Table 3. Distal pathologies in adjacent second molars (A-M2) in quadrants with partially impacted third molars (I-M3) or with completely impacted third molars (I-M3)

M3 status Caries External root resorption (ERR) Alveolar bone loss (ABL)
Partially I-M3, n (%) 171(18.69) 16 (1.75) 401 (43.82)
Completely I-M3, n (%) 15(2.81) 19(3.57) 109 (20.49)

Table 4. Influence of third molars (M3) on prevalence of distal pathologies in adjacent second molars (A—M2) — multivariate logistic regression model

M3 status Caries External root resorption (ERR) Alveolar bone loss (ABL)
OR (95% (1) p value OR (95% CI) p value OR (95% CI) p value
Maxillary
Absentt 1 1 1
Present 1.17(0.96-1.43) 0.13 5.43(0.71-41.6) 0.1 1.24(1.05-1.47) 0.01*
Mandibular
Absentt 1 1 1
Present 1.27 (1.04-1.55) 0.02* 8.23(1.11-61.2) 0.04* 1.44(1.18-1.76) 0.000%
Maxillary+
Mandibular
Absentt 1 1 1
Present 1.23(1.07-1.42) 0.04* 6.97 (1.68-29.0) 0.01* 1.31(1.15-1.49) 0.000%

OR — odds ratio; (I — confidence interval; * — significant difference (p<0.05); t— reference group

and completely I-M3s revealed similar influence on ERR
occurrence. Partially I-M3s were associated with higher
odds of ABL and caries with respect to completely I-M3s.

DISCUSSION

The present study assessed the influence of upper and
lower M3s on the occurrence of radiographic lesions,
such as caries, ERR and ABL as well as on distal aspects
of adjacent M2s. Based on the multivariate regression
analysis model adjusted for age and gender, it was esti-
mated that the presence of M3s increased the odds of
all three evaluated distal pathologies. Be that as it may,
N-M3s exerted a stronger impact on carries occurrence,
whereas I-M3s were associated with much higher odds
of ERR and ABL. Impacted teeth were further classified
as either completely impacted or partially impacted. As
aresult, partially I-M3s were found to be connected with

higher prevalence of caries and ABL, while completely
I-M3s exhibited similar influence on ERR. There were
some minute discrepancies observed between upper and
lower quadrants that were depicted in designated tables.

The frequency of M2s caries due to completely or par-
tially erupted M3s in this report (19.9% for N-M3s,
12.93% for 1-M3s) is similar to that of other studies
[1, 6, 7, 10, 18, 21, 29]. N-M3s and partially I-M3s
increased the odds of caries (OR = 1.42 and 1.21, respec-
tively). This pathology was very rarely observed for
completely I-M3s. In a study by Li et al. [21], according
to multiple logistic regression results, N-M3s and I-M3s
increased the odds of caries in adjacent M2s 1.1 and 2.36
times, respectively. The prevalence of distal caries in
M3s ranged from 3.2% to 52% in previous studies. Such
a discrepancy might be put down to cultural differences
between patients that reflected on oral hygiene habits
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Table 5. Influence of third molars status (non-impacted N-M3 versus impacted I-M3) on prevalence of distal pathologies in adjacent second molars (A-M2) — multivariate

logistic regression model

M3 status Caries External root resorption (ERR) Alveolar bone loss (ABL)

OR (95% CI) p value OR (95% (1) pvalue OR (95% (1) p value
Maxillary
Absentt 1 1 1
N-M3 1.39(1.13-1.7) 0.002* 0 0.99 1.15(0.95-1.37) 0.14
I-M3 0.55(0.39-0.77) 0.000% 21.84(2.84-168.0) 0.003* 1.59(1.27-1.99) 0.000%
Mandibular
Absentt 1 1 1
N-M3 1.48(1.2-1.82) 0.000% 0.54(0,03-8.69) 0.67 0.81(0.64-1.01) 0.06
I-M3 0.89 (0.69-1.18) 0.43 28.1(3.75-211.0) 0.001* 3.51(2.8-4.4) 0.000%
Maxillary+
Mandibular
Absentt 1 1 1
N-M3 1.42(1.23-1.65) 0.000% 0.28 (0.03-3.08) 03 1.00(0.99-1.01) 0.9
[-M3 0.77 (0.63-0.95) 0.013% 26.0(6.2-108.3) 0.000* 2.36(2.01-2.76) 0.000%

OR — odds ratio; CI — confidence interval; * — significant difference (p<0.05); - reference group

and the socioeconomic status, as well as to the diag-
nostic methods used. An especially high prevalence of
distant caries in mandibular M2s - at the level of 52%
- was reported by Kang et al. [18]. This might be due to
the fact that cone beam computed tomography (CBCT)
was used as a diagnostic tool, which enhanced diagnos-
tic accuracy [26]. Some researchers also emphasized the
significance of M3s inclination in relation to the vertical
axis, as well as impaction depth stating that the risk of
caries in M2s increased with both variables. The major-
ity of M3s associated with caries on distal root of M2s
are mesio-angularly impacted, followed by horizontal
impactions [6, 10, 18, 22]. When mesial angulations of
lower M3s varied from 43° to 732, M2s were more prone
to develop distal caries (p<0.0001) [18]. Moreover, when
the distance between distal cementoenamel junction
(CEJ) of M2s and mesial CEJ of M3s ranged from 6 mm to
15, distal caries in M2s was more prevalent (6 to 8 mm,
p <0.0001; 8 to 15 mm, p = 0.037). Chang et al. [6] found
incidence of caries highly associated with mesial angu-
lation of 41°-80° of M3s and distance of 7 mm to 9 mm
between CEJ of M2s and M3s. In our study, angulation of
M3s was not assessed.

In the present study, the frequency of ERR of M2s was
0.035% for N-M3s, 1.75% for partially I-M3s and 3.57%
for completely I-M3s. ORs for ERR were higher for lower
M3s than for upper M3s. Completely impacted lower
molars were more at risk of being associated with ERR
than other M3s (OR = 59.4), which underscores the the-
ory of previous studies. This type of resorption is an
insidious clinical entity that develops because of the
pressure from the impacted tooth, as a result of clastic
cells activity [24]. Quite similar outcomes were reported
by Al-Khateeb et al. [1] and Li et al. [21]. On the other
hand, this pathology was much more prevalent in studies

of Schriber et al. [32], Tassoker et al. [33], and Wang et
al. [34], with the values of 50%, 21%, and 20.17%, respec-
tively. This may be related to the use of CBCT in the
above-mentioned studies, which was calculated to pro-
vide 4.3 times greater detection of ERR than panoramic
radiographs [25]. What is more, panoramic radiographs
showed relatively high false-positive and false-negative
ratios due to possible image distortions and unequal
magnification. The prevalence of ERR in M2s was 5.31%
detected by panoramic radiographs and 22.88% by CBCT
in the same patient cohort [25]. The major risk factors
identified for ERR of M2s were inclination of M3s and
location of the contact between these teeth. The cervical
region in mandibular M2s and the middle thirds and api-
cal regions in maxillary M2s were most affected by ERR
[32, 33]. Mesioangular and horizontal inclination of M3s
posed a greater risk of ERR in adjacent M2s than other
inclinations, and ORs of ERR was about 4 times greater
in lower M3s than in upper M3s [33]. Patient age was
a significant factor for the occurrence of ERR in some
studies [32, 34].

M3s with probing pocket depth = 4 mm were associated
with elevated periodontal microbiota and increased
concentration of gingival crevicular fluid inflamma-
tory mediators, decidedly interleukin-1p [35, 36]. Apart
from greater probing depth, M2s adjacent to M3s might
present with gingival inflammation and alveolar bone
resorption. In own study, ABL on distal aspects of M2s
was much more prevalent when M3s were present, espe-
cially in case of partially I-M3s (43.82%), similar to previ-
ously reported data [21, 23]. In lower quadrants, partially
I-M3s increased the odds of ABL 3.85 times, whereas in
upper quadrants 3.15 times. Higher odds were noted
for the maxillary and mandibular quadrants sepa-
rately, as well as together. In a study by Chu et al. [7],
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Table 6. Influence of third molars status (partially versus completely impacted I-M3) on prevalence of distal pathologies in adjacent second molars (A-M2) — multivariate

logistic regression model

M3 status Caries External root resorption (ERR) Alveolar bone loss (ABL)

OR (95% (1) p value OR (95% () pvalue OR (95% (1) p value
Maxillary
Absentt 1 1 1
Partially I-M3 1.04(0.72-1.48) 0.000% 26.3(3.1-222.5) 0.003* 3.15(2.4-4.1) 0.000%
Completely I-M3 0.07 (0.02-0.22) 0.84 24.2(2.92-200.6) 0.03% 0.52(0.35-0.77) 0.000%
Mandibular
Absentt 1 1 1
Partially I-M3 1.23(0.93-1.63) 0.000% 14(1.71-113.9) 0.01* 3.85(3.03-4.91) 0.000%
Completely I-M3 0.22(0.12-0.42) 0.15 59.4 (7.64—461.3) 0.000* 2.95(2.1-4.16) 0.000%
Maxillary+
Mandibular
Absentt 1 1 1
Partially I-M3 1.21(0.98-1.5) 0.000% 18.7 (4.2-83.2) 0.000* 3.28(2.76-3.9) 0.000%
Completely I-M3 0.16 (0.09-0.27) 0.08 38.27 (8.68-168.8) 0.000* 1.23(0.97-1.58) 0.09

OR — odds ratio; (I — confidence interval; * — significant difference (p<0.05); T — reference group

the occurrence of ABL was estimated at 8.87%, while Li
et al. [21] showed ABL at the level of about 41%, both for
N-M3s and I-M3s. The latter study reported increased
odds of ABL of adjacent M2s for both N-M3s and I-M3s in
maxillary and mandibular quadrants (OR = 1.77 and 3.84,
respectively). Faria et al. [11] showed that periodontal
defects on distal aspects of M2s stemmed from close
positional relationship of I-M3s, as all impacted teeth
that overlaid the distal roots of M2s in the apical third
or cervical parts in panoramic radiographs had baseline
mean probing depth of 5.7 mm with attachment loss > 3
mm. Blakey et al. [5] reported that 25% of patients with
asymptomatic M3s had periodontal disease with probing
pocket depths greater than 5 mm. Moreover, in a longi-
tudinal study of asymptomatic M3s at baseline by Fisher
et al. [12], after a 7-year follow-up, only 25% of partici-
pants were free of caries and periodontal pathology in
the evaluated areas. All in all, periodontal pathologies
were much more common in patients aged > 35 years [1].

In the case of presence of symptoms or pathologies,
the decision to extract M3s is straightforward. Moreo-
ver, several studies showed that the surgical removal
of M3s can result in probing pocket depth reduction on
the distal root of M2s [27] and attachment gain on the
distal root of M2s [31]. However, the dilemma is how to
decide whether extraction of asymptomatic M3s would
be beneficial. The advantages and disadvantages of pro-
phylactic removal of asymptomatic, disease-free N-M3s
or I-M3s should be weighed cautiously and pre-surgical
risk assessment has to be considered. Leaving asympto-
matic M3s in place and active surveillance with frequent
clinical and radiological check-ups is only possible when
patients’ compliance is optimal [13]. In such a case,
a reasonable interval between follow-ups is every
2 years, and sooner if symptoms become evident [30].

Nonetheless, longitudinal studies showed that such an
approach is far from an optimal decision, as periodon-
tal pathology worsened over time to the point of cystic
lesions and other long-term complications like ERR of
the distal root of adjacent M2 or root caries [3, 4, 37].
It goes without saying that not all participants developed
pathology in M3s regions. This was more likely for I-M3s
as compared with N-M3s, and if probing pocket depth
greater than or equal to 4 mm at baseline was detected
in the third molar region. What is more, it was reported
that about one third of asymptomatic, unerupted M3s
would change position in time, resulting in M3s that are
partially erupted but non-functional or non-hygienic
[28]. In accordance with results of our study, clinicians
should consider the prophylactic removal of M3s, irre-
spective of impacted or non-impacted status, especially
when problems with tooth eruption due to insufficient
physiologic space for eruption might be expected and
the likelihood of disease developing in the future is high
[30]. 1t should be underlined that the frequency rate
of lesions evaluated in this study was probably under-
rated, since the diagnosis was based on panoramic
radiographs.

There are several advantages and limitations concern-
ing our study. First, the evaluation of M3s and M2s was
carried out based on the assessment of two-dimensional
panoramic radiographs only. Although these radio-
graphs might provide an overall image of the oral cav-
ity and adjacent areas, due to their many limitations,
they are not the best tools for precise diagnosis of car-
ies or tooth resorption [6, 7, 10, 33]. CBCT images might
improve the detection of both pathologies. Moreover,
the rotation of M3 cannot be definitely evaluated from
OPGs. In the present study, caries on M2s was identi-
fied when radiolucency had irregular morphology with

180



GOrski B. et al. — Radiographic pathologies associated with third molar teeth in Polish population...

a gap between M2s and crown of M3s. By the same
token, we cannot preclude the scenario of caries being
mistakenly counted as ERR. However, a large number of
the analyzed panoramic radiographs allows us to draw
certain conclusions regarding the assessment of the risk
of occurrence of specific pathologies associated with
M3s, even if the study population is not representative
of the general population. Accordingly, due to inclusion
of only referred patients our study has some bias. Any-
way, the results are useful for primary health workers
because the studied patients constitute a spectrum of
dental patients. Second, due to the retrospective nature
of this study, clinical data (except for age and gender)
were not collected. Therefore, it would be valuable to
perform clinical examination of patients in future lon-
gitudinal studies and allow for acquired information in
statistical analysis in order to identify possible cofac-
tors. Another issue is the predominance of women in the
study group. This was taken into account in the statisti-
cal analysis, where multivariate models were adjusted
for age and gender. In our study, minimum age for inclu-
sion was 19 years, since this is when M3s usually begin
to erupt, but the upper age was not set [16]. All things
considered, according to the authors’ knowledge, this
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