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Abstract

This study was designed to assess the possible relationship between the level of eruption or impaction status and angulation of third molars (TMs) and
the interdental root proximity (RP) in this quadrant, in adults with healthy periodontium and in patients with history of periodontitis. Root proximity
was studied in the interdental spaces of 250 patients with periodontitis and 80 subjects with healthy and intact periodontium. Linear measurements
were performed in digital radiographs. Root proximity was detected when the distance at the closest proximity level between the roots of adjacent
teeth was < 0.8 mm. Eruption level was classified as full or partial, based on occlusal plane. Impaction status was assessed as semi or complete, based
on coverage by soft tissues or alveolar bone. The Z-test, X2, Fisher’s exact test and Mann-Whitney test were used for the statistical analysis. In total, 718
TMs and 4,308 interdental spaces were studied in 330 subjects. In subjects with healthy periodontium, the angulation of mandibular TMs statistically
significantly influenced the presence of root proximity in the interdental space between first and second molars. In periodontitis subjects, TM angulation
statistically significantly affected the presence of root proximity in the interdental space between first and second molars in the maxillary left and
mandibular right quadrants as well as in the interdental space between the mandibular right premolars. The eruption level or impaction status of
TMs statistically significantly affected the presence of root proximity only between the first and second mandibular right molars both for subjects with
healthy periodontium and for periodontitis patients. Within its limits, this study found that the angulation and eruption level or impaction status of
third molars seem to be related to root proximity among the adjacent teeth, especially between lower first and second molars, irrespective of the presence
or absence of periodontitis.

Key words: Angulation, Digital Radiography, Eruption, Interdental Root Proximity, Periodontitis, Periodontal Health, Third Molar, Third Molar Positioning

variable associated with lateral asymmetry in the eruption or impact
status of TMs. Hattab and Alhaija [5] assessed radiographically 213
mandibular TMs in 134 subjects and found that there was a strong

Introduction

Third molars (TMs) are the last in the tooth eruption sequence.
The calcification of the TMs starts at 7 to 10 years of age and the positive relationship between the frequency of TM impaction and the

calcification of the TM crown is completed at 12 to 16 years of age. degree of TM angulation and that the former was inversely associated

Their eruption begins at the age of 17 to 21 years. The time of their with the retromolar area width. Inadequate retromolar area space

formation varies widely due mainly to variations in crown and root was the most significant factor associated with TM impaction. Most
morphology. TMs have the highest rate of development abnormalities.
More than 20% of humans fail to develop at least one TM [1, 2],

whereas TM agenesis accounts for about 75% of all affected teeth [3].

impacted TMs had retromolar space/crown ratios of less than 1.

The position or angulation of TMs might change, mainly when
They are often impacted, with higher impaction rate for the mandible they are visible clinically or partially impacted [6]. Such changes

than the maxilla. The incidence of TM impaction may increase up to might occur even after completion of the jaw growth and TMs might

50% in patients who have been orthodontically treated [4]. erupt to the occlusal plane, yet at one third of vertically positioned

impacted teeth during the third decade of life [7-9] or especially

TMs are associated with a reduced amount of growth and with by the time the individual reached 24 [10] or 26 years of age [11].

a more downward than forward direction of tooth eruption. The
eruption status of TMs depends on the dimensions of the retromolar
area. If there is sufficient space in the retromolar area, the TMs may
completely or partially erupt depending on their axial positioning.
The full or semi impaction of TM is often the result of a tooth/tissue
disharmony or crowding. The retromolar area is the only significant
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It still remains unanswered whether the changes in position or
angulation influence the root proximity of adjacent teeth, especially
the interdental spaces between second and first molars. The extraction
of impacted third molars (ITMs) seems a rather prophylactic surgical
procedure for young adults, especially for orthodontic patients.
The ideal orthodontic treatment plan should include rationale and
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recommendations for TMs extractions, whenever indicated [12, 13].
The purpose of the present study was to evaluate the relationship
between the level of eruption or impaction status and angulation of
TMs and the root proximity (RP), in adult individuals with healthy
periodontium and in adult patients with history of periodontitis.

Materials and Methods

Study sample

The study sample was taken from 330 full mouth sets of
conventional periapical radiographs belonging to 330 patients
originating from the pool of the patients of the Department of
Periodontology, School of Dentistry, National and Kapodistrian
University of Athens and from private dental practices. Each subject
signed an informed consent form prior to enrollment to the study. The
study protocol was approved by the Ethics and Research Committee
of the School of Dentistry, National and Kapodistrian University of
Athens. Two groups of subjects were studied. Specifically, there were
80 subjects (31 men and 49 women; mean age 27.5 + 0.6 years) with
healthy and intact periodontium, who were classified in group A
(control group) and 250 subjects (82 men and 168 women; mean age
44 + 0.5 years) with moderate to advanced periodontitis, who were
classified in group B (test group). The diagnosis of periodontitis was
based on the clinical attachment level measurements [14]. The patient
inclusion criteria were: presence of at least 28 teeth, presence of 26
interdental spaces, presence of full-mouth periapical radiographs
and absence of third molar extraction and/or surgical intervention in
the posterior jaw sextants for the last 5 years. The patient exclusion
criteria were: orthodontic treatment, periodontal treatment (either
non-surgical or surgical) for the last six months, medical condition or
medication affecting the periodontium and presence of supernumerary
or impacted teeth, except for third molars.

All radiographs were taken with the long-cone paralleling
technique with the central beam directed to the alveolar crest and then
assessed for sings of RP between adjacent teeth. Radiographic images
with possible RP were transformed into digital images, to a resolution
of 300 dpi with 8 bits of gray level resolution per pixel. RP was defined
as an interdental distance of less than 0.8 mm (<0.8 mm) at the
closest proximity level [15-17], as assessed from the digitized image
in pixels (10 pixels = 1 mm). All interdental spaces were evaluated
for RP (M,-M: interdental space between second and first molar, M-
P,: interdental space between first molar and second premolar, P,-P;:
interdental space between second and first premolar, P,-C: interdental
space between first premolar and canine, C-I,: interdental space
between canine and lateral incisor, I,-I;: interdental space between
lateral and central incisor).

In total, 718 TMs were studied, of which 238 belonged to group
A and 480 to group B. For each TM, the level of eruption or status
of impaction and the angulation were recorded, as assessed from
conventional periapical radiographs. Erupted TMs were classified in
relation to the level of eruption into fully erupted (FETMs), when
erupted to the level or above the occlusal plane, and partially erupted
(PETMs), when erupted below the occlusal plane. Impacted TMs were
classified in relation to the status of impaction into semi impacted
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(SITMs), when partially covered by soft tissues or alveolar bone,
and completely impacted (CITMs), when completely covered by soft
tissues and alveolar bone [18, 19]. TM angulation was assessed relative
to the long axis of the adjacent second molar [20], specifically the angle
(in angle degrees) formed by the long axis of the TM and the long
axis of the adjacent second molar [6] was recorded. All radiographic
measurements, linear or angular, were performed by one investigator
(A-M. L.) with the Emago/Advanced dental image archiving software
(3 EXE, Oral Diagnostic System, Amsterdam, The Nederlands). Each
measurement was assessed twice (3 weeks apart) and the average value
was taken for further analyses. The intra-examiner agreement was
very high, with the weighted k between 0.92 and 0.94.

Statistical methods

Descriptive statistics for eruption status and angulation of TM
were calculated as mean + standard deviation (SD) for both groups
(A and B). The Z-test was used for the comparison of two percentages
on the incidence of RP per group, jaw or quadrant. The Z-test was
used for the comparison of the two percentages of TM quadrant
distribution between the two subject groups (A and B). The X? was
used for the comparison of the distribution of TMs between the two
subject groups and between interdental spaces with or without RPs.
Fisher’s exact test was performed for the comparison of the presence
of RP in the interdental spaces in relation to the TM eruption level
or impaction status. Mann-Whitney test was performed for the
comparison of the mean angulation values between interdental spaces
with or without RP for both groups (A and B). The level of statistical
significance was set at 5% (p = 0.05). Statistical analysis was conducted
using the STATA 0.9 software package.

Results

In total, 718 TMs were studied, of which 238 belonged to group
A subjects and 480 to group B subjects. TM distribution did not
statistically significantly differ between subject groups (A and B) both
in total (X2 =5.79 and p>0.05) and in quadrants (upper right-URTMs:
Z.=1.775,p =0.076, upper left-ULTMs: Z = 1.091, p = 0.275, lower left-
LLTMs: Z = 1.421, p = 0.151, lower right-LRTMs: Z = 1.312, p = 0.192)
(Table 1). The quadrant distribution of TMs in response to eruption
level, impaction status and angulation for groups A and B is presented
in tables 2 and 3, respectively. For group A, mean TM angulation was
greatest for LRTMs (21.6° + 23.7°) and least for URTMs and ULTMs
(11.4° + 8.6° and 11.7° + 8.7¢, respectively) (Table 2). For group B,
mean TM angulation was greatest for LRTMs (16.2° + 16.7°) and least
for URTMs (11.4° + 8.8¢) (Table 3).

In total, 4,308 interdental spaces were studied for RP, of which
1,428 belonged to group A subjects and 2,880 to group B subjects.
RP was detected in 505 interdental spaces (11.72%), specifically in
167 group A interdental spaces (11.69%) and in 338 group B spaces
(11.73%). The distribution of RP did not statistically significantly differ
between the two subject groups (A and B) both in total (Z = 0.038, p
=0.976) and in quadrants (URTMs: Z = 0.007, p = 0.99, ULTMs: Z =
0.916, p = 0.93, LLTMs: Z = 0.364, p = 0.72, LRTMs: Z = 0.791, p =
0.43) (Figure 1).

For group A, the highest frequency of RP for all four quadrants
was found for the I,-I, interdental space. In descending order, the
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second most frequent interdental space presenting RP was the M,-M,
space for both maxillary quadrants, the P1-C space for the mandibular
left quadrant and the M,-M, , P1-C spaces for the mandibular right
quadrant (Figure 2). For group B, the highest frequency of RP for
both maxillary quadrants was found for the M,-M, interdental space,
whereas the highest frequency of RP for both mandibular quadrants

was found for the I,-I, interdental space. In descending order, the
second most frequent interdental space presenting RP was the P,-
P, space for the maxillary right quadrant, the M1-P2 space for the
maxillary left quadrant and the M,-M, space for both mandibular

quadrants (Figure 3).

Table 1. Comparison of the distribution of third molars in total and in quadrants between the subject groups (A and B).

Groups URTMs Number ULTMs Number LLTMs Number LRTMs Number TMs in total Number
(%) (%) (%) (%) (%)
Total 171 164 199 184 718
(23.82% (22.84) (27.71%) (25.63%) (100.00%)
Group A 66 60 58 54 238
(9.19%) (8.36%) (8.07%) (7.52%) (33.14%)
Group B 105 104 141 130 480
(14.63%) (14.48%) (19.64%) (18.11%) (66.86%)
Z-test? 1.775 1.091 1.421 1.312 8.378
p-value 0.076 0.275 0.151 0.192 0.00
TMs: third molars, URTMs: upper right third molars, ULTMs: upper left third molars, LLTMs: lower left third molars, LRTMs:
lower right third molars.
a:Comparison of the two percentages of TM quadrant distribution between the groups.

Table 2. Quadrant distribution of third molars (URTMs, ULTMs, LLTMs, LRTMs) in response to eruption level
(FETMs, PETMs) or impaction status (SITMs, CITMs) and angulation for group A.

Parameters FETMs PETMs SITMs CITMs Total
(147) (30) (50) (11) (238)
Number 46 6 13 1 66
(%) (57.5%) (7.5%) (16.25%) (1.25%) (82.5%)
URTMs
Angle (°)
X +SD* 102+6.6 | 20.8+16.3 12.5+8.0 4k 11.4+8.6
Number 37 8 10 5 60
(%) (46.25%) (10%) (12.5%) (6.25%) (75.0%)
ULTMs
Angle (°)
X +SD* 9.5+5.1 93+£58 15.1+£13.0 24.6+11.7 11.7 8.7
Number 33 11 11 3 58
(%) (41.25%) (13.75%) (13.75%) (3.75%) (72.5%)
LLTMs
Angle (°)
X+ SD* 6.6+49 9.1+£8.0 36.9+23 46 +40.1 149 +18.8
Number 31 5 16 2 54
(%) (38.75%) (6.25%) (20.0%) (2.5%) (67.5%)
LRTMs
Angle (°)
x+SD* 8.1+59 16.8+13.4 45.3+£26.1 52+33.9 21.6 £23.7
URTMs: upper right third molars, ULTMs: upper left third molars, LLTMs: lower left third molars, LRTMs:
lower right third molars, FETMs: fully erupted third molars, PETMs: partially erupted third molars, SITMs
= semi impacted third molars, CITMs = completely impacted third molars.
* mean value + standard deviation
** only one observation
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Table 3. Quadrant distribution of third molars (URTMs, ULTMs, LLTMs, LRTMs) in response to eruption level
(FETMs, PETMs) or impaction status (SITMs, CITMs) and angulation for group B.

Parameters FETMs? PETMs* SITMs? CITMs? Total
(373) (34) (58) (15) (480)
URTMs Number 77 6 18 4 105
(%) (30.8%) (2.4%) (7.2%) (1.6%) (42%)
Angle (°) 8.2+4.8 127+7.5 21.6 +10.9 29.0+7.5 11.6 +8.8
X +SD*
Number 80 8 11 5 104
(%) (32%) (3.2%) (4.4%) (2%) (41.6%)
ULTMs
Angle (°)
X+ SD* 83+4.6 13.4£3.9 303+17.7 35.8+11.7 123+11.3
Number 112 13 13 3 141
(%) (44.8%) (5.2%) (5.2%) (1.2%) (56.4%)
LLTMs
Angle (°)
X +£SD* 102+6.2 182+ 383+14.9 37.7+31.9 14.1+125
11.5
Number 104 7 16 3 130
(%) (41.6%) (2.8%) (6.4%) (1.2%) (52%)
LRTMs
Angle (°)
X+ SD* 10.7+6.9 224+ 37.5+19.7 77.3+£10.7 16.2 +16.7
235
URTMs: upper right third molars, ULTMs: upper left third molars, LLTMs: lower left third molars, LRTMs:
lower right third molars, FETMs: fully erupted third molars, PETMs: partially erupted third molars, SITMs =
semi impacted third molars, CITMs = completely impacted third molars.
* mean value + standard deviation
** only one observation
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Figure 1. Distribution of root proximities (RP) in quadrants by subject group (A and B).
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Figure 3. Distribution of root proximities (RP) in interdental spaces for group B.
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The relation between factors concerning the TM, specifically the
eruption level, impaction status and angulation, and the presence of
RP in the same quadrant was studied for each subject group. For group
A, there were statistically significant differences in TM eruption or
impaction status and angulation between the mandibular right M2-
MI interdental spaces presenting RP and those non-presenting RP as
well as there were statistically significant differences in TM angulation
between the mandibular left M2-M1 spaces presenting RP and those
non-presenting RP (Table 4). For group B, there were statistically
significant differences in TM angulation between the maxillary left M-
M, spaces presenting RP and those non-presenting RP as well as there
were statistically significant differences in TM eruption or impaction

level between the mandibular right M,-M, spaces presenting RP
and those non-presenting RP and the mandibular right P,-P, spaces
presenting RP and those non-presenting RP (Table 5).

Concerning group A, for both right and left mandibular M2-M1
spaces, the mean value of TM angulation was greater for sites with RP
than without RP (LLTMs: 38.6° + 12.8° and 12.6° + 2.2°, respectively,
LRTMs: 26.8° + 9.2°, 13.7° + 2.5°) (Figure 4). For group B, whenever
there was statistical significance in the TM angulation between sites
with or without RP, the mean value of TM angulation was greater for
sites with RP than without RP (M,-M, space/ ULTMs: 19.3° + 14.8°
versus 10.3° + 9.1°, P,-P, space/ LRTMs: 16.4° + 16.8° versus 4.0° +
1.0°) (Figure 4).

Table 4. Comparison of the presence of root proximity in the inetrdental spaces (M,-M;, M,-P,, P|-C, C-1,, I,-1,) in relation to the third molar eruption or
impaction status (Fisher’s exact test) and comparison of the mean third molar angulation values between interdental spaces with or without root proximity

(Mann-Whitney test) for group A.

Interdental spaces M,-M, M,-P, | P,-P, | P-C | C-1, | L1,
URTMs

Eruption or impaction status, p-value* 1.00 0.24 1.00 1.00 -- 0.94
Angle, p-value** 0.10 -- -- 0.11 -- 0.61
ULTMs

Eruption or impaction status, p-value* 0.21 0.71 2.24 0.33 0.42 0.14
Angle, p-value** 0.39 0.48 0.12 0.92 - 0.08
LLTMs

Eruption or impaction status, p-value* 0.09 1.00 -- 0.67 0.85 0.29
Angle, p-value** 0.02 -- -- 0.32 0.69 0.62
LRTMs

Eruption or impaction status, p-value* 0.03 1.00 1.00 0.06 0.33 0.77
Angle, p-value** 0.03 -- -- 0.33 -- 0.09
URTMs: upper right third molars, ULTMs: upper left third molars, LLTMs: lower left third molars, LRTMs: lower right third molars, M,-M;: interdental
space between second and first molars, M;-P,: interdental space between first molar and second premolar, P,-P;: interdental space between second and first
premolars, P-C: interdental space between first premolar and canine, C-I,: interdental space between canine and lateral incisor, I,-I;: interdental space
between lateral and central incisors.

*Fisher’s exact test, **Mann-Whitney test, Bold indicates statistical significance.

Discussion

The present retrospective study was designed to assess the effect
of the eruption level or impaction status and angulation of third
molars (TMs) on the presence of interdental root proximity (RP)
in this quadrant, both in adults with healthy periodontium and in
patients with history of periodontitis. In total, 718 TMs and 4,308
interdental spaces were studied in 330 subjects. The results of this
study demonstrated that in subjects with healthy periodontium, the
angulation of mandibular TMs significantly influenced the presence
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of root proximity in the interdental space between first and second
molars. In periodontitis subjects, TM angulation significantly affected
the presence of root proximity in the interdental space between
first and second molars in the maxillary left and mandibular right
quadrants as well as in the interdental space between the mandibular
right premolars. The eruption level or impaction status of TMs
significantly affected the presence of root proximity only between
the first and second mandibular right molars both for subjects with
healthy periodontium and for periodontitis patients.
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Table 5. Comparison of the presence of root proximity in the inetrdental spaces (M,-M,, M,-P,, P|-C, C-1,, I,-1,) in
relation to the third molar eruption or impaction status (Fisher’s exact test) and comparison of the mean third molar
angulation values between interdental spaces with or without root proximity (Mann-Whitney test) for group B.

Interdental spaces | M,-M, M;-P, | P,-P, P-C | C-I, LI,
URTMs

Eruption or impaction status, p-value* 0.07 0.72 0.71 -- 1.00 0.78
Angle, p-value** 0.07 0.97 0.94 - 0.08 0.57
ULTMs

Eruption or impaction status, p-value* 0.14 1.00 0.08 1.00 1.00 0.06
Angle, p-value** 0.005 0.46 0.05 0.59 0.30 0.63
LLTMs

Eruption or impaction status, p-value* 0.08 0.49 1.00 0.61 1.00 0.82
Angle, p-value** 0.58 0.66 -- 0.81 0.76 0.86
LRTMs

Eruption or impaction status, p-value* 0.01 1.00 1.00 0.68 1.00 0.48
Angle, p-value** 0.47 0.10 0.02 0.74 0.33 0.47
URTMs: upper right third molars, ULTMs: upper left third molars, LLTMs: lower left third molars, LRTMs:
lower right third molars, M,-M;: interdental space between second and first molars, M,-P,: interdental space
between first molar and second premolar, P,-P,: interdental space between second and first premolars, P;-C:
interdental space between first premolar and canine, C-I,: interdental space between canine and lateral incisor,
I,-1;: interdental space between lateral and central incisors.

*Fisher’s exact test, **Mann-Whitney test, Bold indicates statistical significance.
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Figure 4. Mean third molar (TM) angulation by root proximity (RP) for interdental spaces where TM angulation was statistically significantly different between
the spaces with RP and those without RP.
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Comparing the results of the present study to previous findings
is not feasible, since the role of TMs on the presence of RP in the
neighboring interdental spaces has not been addressed in the literature
yet. However, there are well-documented studies on RP, in which the
importance of RP in the presence and progression of periodontitis
is investigated [13, 16, 17]. Moreover, there are studies reporting
root resorption of second molars in proximity to non-erupted third
molars and suggesting the early extraction of impacted third molars,
especially in cases with a mesial TM angulation of 60° or more and
an apical TM location in proximity to the distal root of the second
molar [21, 22]. It is widely accepted that one of the main causes for
TM impaction, especially for the mandible, is the absence of adequate
retromolar space for TM eruption. A limited retromolar space that
prevents TM eruption might be implicated in the development of root
proximity in the neighboring interdental space. Several factors have
been reported to enhance, to a greater or lesser extent, the development
of the limited retromolar space. Most of them are related to the time
period of development, such as the distal eruption pattern of the teeth,
the vertical direction of the condyloid growth which is associated with
a decrease in bone resorption of the anterior border of the mandibular
ramus, changes in the longitudinal growth of the mandible and delays
in the development of facial structures [23, 24]. However, TMs might
get erupted later in adult life, after completion of the jaw growth. In
such case they often remain partially erupted. It has been claimed that
in certain cases TM angulation tends to get reduced with time mainly
between 10 and 21 years of age, whereas in other cases TM mesial
inclination is increased with time. Orthodontic treatment might
increase the retromolar space hoping that this might increase the
chances for TM eruption, depending on the initial TM positioning.
This seems to have a more favorable effect for the maxillary than the
mandibular TMs. The present association between increased TM
angulation and RP in the neighboring mandibular molar interdental
space in subjects with healthy periodontium might be explained by
the forces exerted by the inclined TM in the attempt to erupt.

There are well-established indications for the surgical extraction
of impacted TMs [25]. Prophylactic surgical extraction of impacted
TMs, which are free of any pathology, has been justified on the basis
that TMs do not have important role in the function of the oral cavity,
the need to minimize the risk of further disease as cysts and tumors
[26] and the risk of mandibular angle fracture [27, 28] as well as the
increased difficulty of TM surgical extraction with age [26].

Early literature data reported that second molars adjacent to
partially or completely erupted TMs, especially in the mandible,
were more frequently affected by periodontal disease and were at
highest risk to develop periodontitis [29]. Later, it was demonstrated
that in case of a visible TM the odds of finding at least one site with
periodontal probing depth of 5 mm or deeper at the adjacent second
molar becomes double [30]. Then, it was found that young adults with
visible asymptomatic TMs were more likely (almost twice) to have
periodontal disease around the adjacent first and second molars than
subjects without visible TMs [31]. Moreover, periodontal probing of
at least 4 mm deep was significantly more frequent at proximal molar
sites [32] and in case of a visible TM, significantly more sites with
clinical attachment loss of at least 3 mm were detected at the adjacent
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first and second molars [33]. These finding may partly be explained
by the difficulty in successfully removing the dental plaque from the
TM area. Plaque accumulation around the TM results in periodontal
involvement at the distal surface of the adjacent second molar and
may serve as a potential reservoir for oral pathogens colonizing more
anteriorly located dental sites [34-36]. It has been suggested that
orthodontically-aided extraction of impacted TMs might improve the
periodontal condition of the adjacent tooth, though such a treatment
plan should be considered only when TM extraction is associated with
a high risk of postoperative complications [37]. The presence of root
proximity between the third and second molars has been documented
as well as the difficulties to control periodontal inflammation at that
site [6, 38]. The present study showed that 25.63% of the subjects
presented agenesis of at least one TM, which was more frequent for the
maxilla than the mandible in group A. The prevalence of partially or
completely impacted TMs was 19.06%. These findings of TM agenesis
are similar to those by Hattab et al. [39] and Rozkovcona et al. [40] but
greater than those by Sandhu and Kaur [23] and Celikoglu et al. [2].
These differences might be partly attributed to differences in the age
of the subject populations studied, since TM angulation might slightly
improve with time up to the age of 24 or 26 years, especially when the
initial angulation is 35° or more [10].

Concluding, within its limits this study found that, the angulation
and eruption level or impaction status of third molars seem to be
related to interdental root proximity among the adjacent teeth,
especially between lower first and second molars, irrespective of the
presence or absence of periodontitis.
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