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ABSTRACT

Purpose: The aim of this study was to compare the prevalence, amount, and rate of
supraeruption of the maxillary second molar according to sex, age, and history of periodontitis.
Methods: Data were collected retrospectively from the charts and panoramic radiographs of

65 patients who were scheduled to undergo implant placement at the site of the mandibular
second molar. The amount of supraeruption of the maxillary second molar and the alveolar
bone level of the neighboring teeth were measured on digital panoramic radiographs. The
prevalence was evaluated in each group, and univariate and multivariate logistic regression
analyses were used to identify factors influencing the prevalence of supraeruption. The amount
and the rate of supraeruption were compared between pairs of groups using the Mann-Whitney
Utest. For all tests, Pvalues <0.05 were considered to indicate statistical significance.

Results: Supraeruption occurred in 78% of the patients. The prevalence of supraeruption
was affected by sex, age, and history of periodontitis. The mean amount of supraeruption
was 0.91 mm and the mean rate of supraeruption was 0.14 mm/month. The amount and the
rate of supraeruption showed no significant differences according to sex, age, or the distance
from the cementoenamel junction to the alveolar bone crest (2>0.05).

Conclusions: These results show that the amount of supraeruption on the maxillary second
molar was similar to the thickness of the enamel on the occlusal surface. When a single
implant is scheduled to be placed on the mandibular second molar, supraeruption of the
antagonist should be considered.

Keywords: Clinical study; Dental implant; Tooth eruption; Tooth extraction

INTRODUCTION

Supraeruption of the opposing tooth is a challenge when restoring a missing tooth. Teeth
continue to erupt slowly throughout life even after the occlusal plane has been approached
[1], and the eruption rate can increase if the contact with opposing teeth is lost [2]. The
loss of a posterior tooth can result in 3-dimensional changes in the position of the opposing
tooth, such as supraeruption, rotation, and tipping [3,4]. Not all molars without opposing

teeth overerupt, and the reported prevalence of supraeruption ranges from 70% to 85% [3,5].
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Excessive supraeruption of opposing teeth reduces the height available for a crown
restoration. Implant restorations require an interocclusal space of at least 8 mm from the
alveolar bone crest (ABC) [6]. An insufficient interocclusal space can reduce the retention of
the implant crown, and even make prosthetic treatment impossible. It was reported that a
low prosthetic abutment height was associated with marginal bone loss in dental implants
[7]. Moreover, a previous study reported that the premolars adjacent to dental implants
sometimes exhibit the symptoms of traumatic occlusion due to implant overloading [8]. In
addition, some overerupted teeth may cause occlusal interference [9]. Occlusal interference
may cause occlusal overload [10], which is considered to be a major cause of biomechanical
complications [10-12].

These undesired outcomes can be avoided by applying additional treatments such as occlusal
reduction with or without root canal therapy [13], orthodontic intrusion [14], or segmental
osteotomy [15]. These treatments increase the cost and time needed for restoring a missing
tooth, but it is possible to minimize those disadvantages by using a retainer after extraction
in patients with a high risk of supraeruption.

There are reports in the literature on the prevalence and amount of supraeruption, but no
study has investigated how rapidly supraeruption occurs, especially in patients requiring
placement of a dental implant. Therefore, the aim of this study was to compare the
prevalence, amount, and rate of supraeruption of the maxillary second molar according to
sex, age, and history of periodontitis.

MATERIALS AND METHODS

Study design

This study evaluated supraeruption of the maxillary second molar after extraction of the
opposing teeth. Patients who underwent implant placement at the site of the mandibular
second molar between September 2008 and September 2016 and had panoramic radiographs
before the extraction of the mandibular second molar and at the time of implant prosthesis
delivery on the mandibular second molar were included. Data were collected retrospectively
from their charts and panoramic radiographs.

The study protocol was reviewed and approved by the Ethics Commission of National Health
Insurance Service Ilsan Hospital, Korea (NHIMC IRB No. 2018-04-015).

Data collection

The amount of supraeruption of the maxillary second molar and the alveolar bone level of the
teeth adjacent to the maxillary second molar were measured by a single calibrated examiner
(BH) on panoramic radiographs using imaging software and a measurement tool that was
equipped with the imaging software (Centricity Web PACS Viewer version 3.0, GE Healthcare,
Chicago, IL, USA). Intraexaminer reproducibility was evaluated using intraclass correlation
analysis of the measurements from 10 patients, which revealed an intraclass correlation
coefficient of 0.97 (P<0.05).

The amount of supraeruption was measured as follows (Figure 1). The reference plane was

the plane connecting the cusp tips of the maxillary first and second premolars and the first
molar. The vertical distance from the highest cusp tip of the maxillary second molar to
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Reference plane

Reference plane

Figure 1. Radiographs with measurements obtained (A) before and (B) after extraction of the mandibular second
molar. The vertical distance from the highest cusp tip of the maxillary second molar to the plane connecting the
cusp tips of the maxillary first and second premolars and the first molar was measured on panoramic radiographs
obtained before extraction and immediately after implant placement. The measured value was expressed as a
negative value when the cusp tip of the maxillary second molar was positioned apical to the reference plane and
as a positive value when it was positioned coronal to the reference plane.

the reference plane was measured. The measured value was expressed as a negative value
when the cusp tip of the maxillary second molar was positioned apical to the reference
plane and as a positive value when it was positioned coronal to the reference plane. The first
measurement was made on panoramic radiographs obtained before tooth extraction (Figure
1A) and the second measurement was made on radiographs obtained at the time of implant
prosthesis delivery (Figure 1B). The second measurement was adjusted considering the height
of the maxillary second molar, which was measured from the mesiobuccal cusp tip to the
mesiobuccal root apex. The amount of supraeruption was calculated by subtracting the first
measurement (a in Figure 1A) from the second measurement (b in Figure 1B). The average
rate of supraeruption was calculated by dividing the amount of supraeruption by the period
between the first and second radiographs.

The alveolar bone level of the teeth adjacent to the maxillary second molar was evaluated

and used as a reference to determine the history of periodontitis. The distances from the
cementoenamel junction (CEJ) to the ABC on the mesial and distal sides of the maxillary first
and second premolars and the first molar were measured on panoramic radiographs obtained
before extraction. The mean value of all 6 measurements was calculated.

Sex and age were also recorded. Patients' anonymity was protected by assigning a random
number to each person. Chart reviews were performed by another examiner (BA).

Statistical analysis

Data were evaluated using SPSS version 23 (IBM Corp., Armonk, NY, USA). For the statistical
analysis, participants were divided into pairs of groups according to sex (30 women and 35
men), age (48 subjects aged <60 years and 17 subjects aged >60 years), and the distance from
the CEJ to the ABC (<2 mm in 32 subjects and >2 mm in 33 subjects).

The prevalence of supraeruption was evaluated in each group, and univariate and multivariate
logistic regression analyses were used to identify factors influencing the prevalence of
supraeruption (£<0.05). The Kolmogorov-Smirnov test demonstrated that the data for the
amount and the rate of supraeruption in pairs of groups did not show a normal distribution
(P<0.05). The amount and the rate of supraeruption were compared between pairs of groups
using the Mann-Whitney U'test (£<0.05).
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Prevalence of supraeruption (n=65) and the results of logistic regression analysis

Variable Prevalence (%) Univariate Multivariate
OR (95% Cl) P OR (95% CI) P
Sex 2.889 (1.354-6.165) 0.006? 2.084 (0.752-5.772) 0.158
Female (n=30) 80.00
Male (n=35) 7714
Age (yr) 3.250 (1.060-9.967) 0.039? 2.649 (1.117-6.279) 0.027?
<60 (n=48) 79.17
>60 (n=17) 76.47
CEJ-to-ABC distance 3.125 (1.410-6.928) 0.005% 1.245 (0.459-3.379) 0.667
<2 mm (n=32) 81.25
>2 mm (n=33) 75.76

OR: odds ratio, CI: confidence interval, CEJ: cementoenamel junction, ABC: alveolar bone crest.

3p<0.05.

https://jpis.org

RESULTS

This study evaluated supraeruption of the maxillary second molar after extraction of the
opposing teeth in 65 patients (30 women and 35 men). The mean age of the patients was
53.88 years (range, 22-77 years). The mean period from the first radiograph to the final
radiograph was 7.21 months (range, 1.5-45 months) and most patients (57 of 65 patients)
received an implant restoration within 12 months.

Supraeruption occurred in 51 (78%) of the patients. Table 1 lists the prevalence of
supraeruption in groups according to sex, age, and the distance from the CEJ to the ABC. The
prevalence of supraeruption was higher in women, patients aged <60 years, and patients with
a distance from the CEJ to the ABC of <2 mm. Univariate logistic regression analysis revealed
that sex, age, and the distance from the CEJ to the ABC were significantly predictive of the
prevalence of supraeruption (£<0.05), with odds ratios of 2.889, 3.250, and 3.125 for sex, age,
and the CEJ-to-ABC distance, respectively. Since these variables all showed a Pvalue <0.05,
they were included in the multivariate logistic regression analysis, in which age was the only
variable showing significance.

The mean amount and the mean rate of supraeruption were evaluated in subjects showing
supraeruption (n=51). The mean amount was 0.91 mm (range, 0.5-1.95 mm) and the mean
rate of supraeruption was 0.14 mm/month (range, 0.03-0.39 mm/month). No patients
showed >2 mm of supraeruption.

As presented in Table 2, the amount and rate of supraeruption showed different tendencies.
No significant between-group differences in the amount and rate of supraeruption according
to sex, age, and the distance from the CEJ to the ABC (2>0.05). However, the amount of
supraeruption tended to be higher in male patients, those aged <60 years, and those with a
CEJ-to-ABC distance of <2 mm, and the rate tended to be higher in male patients, those aged
>60 years, and those with a CEJ-to-ABC distance of >2 mm.

In addition to these results, the subjects with a period between the first and second
measurement of less than 6 months (n=29) were analyzed separately. In this subgroup, the
mean amount of supraeruption was 0.71 mm (range, 0.5-1.06 mm) and the mean rate of
supraeruption was 0.22 mm/month (range, 0.13—-0.39 mm/month).
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Amount and rate of supraeruption (n=51)

Variable Amount (mm) P Rate (mm/mon) P
Sex 0.357 0.987
Female (n=24) 0.78+0.20 0.11+0.07
Male (n=27) 0.99+0.44 0.13£0.10
Age (yr) 0.589 0.737
<60 (n=38) 0.92+0.43 0.11:0.08
260 (n=13) 0.91+£0.10 0.15+0.11
CEJ-to-ABC distance 0.828 0.664
<2 mm (n=26) 0.94+0.33 0.12+0.08
>2 mm (n=25) 0.88+0.46 0.17+0.1

Data are shown as meanzstandard deviation. Statistical significance was determined using the Mann-Whitney U test.
CEJ: cementoenamel junction, ABC: alveolar bone crest.

DISCUSSION

The loss of a posterior tooth can result in positional changes of the opposing tooth such as
rotation, tipping, and supraeruption [3,4]. Some studies have investigated the prevalence
or the degree of supraeruption [2-5], but no previous research has evaluated the rate of
supraeruption. This study measured changes in the vertical location of the maxillary second
molars before and after extracting the opposing teeth, and used the recorded time period
between these measurements to calculate the rate of supraeruption.

This study investigated maxillary second molars. It has been reported that supraeruption
occurs more frequently in the maxilla than the mandible [16]. Most patients included in the
present study were scheduled to undergo implant restoration within a year, during which
period the mandibular teeth would not exhibit measurable supraeruption. In addition,

the maxillary first molars were not selected in this study because the teeth adjacent to the
missing opposing teeth may act as an occlusal stop.

The prevalence of supraeruption was 78% in this study, which is consistent with other studies
that have reported prevalence rates ranging from 70% to 85% [3,5]. However, none of our
patients showed >2 mm of supraeruption, whereas previous reports have stated that 21%—
24% of unopposed teeth showed >2 mm of supraeruption [3,16]. A possible reason for this
discrepancy is the short period of the absence of the opposing teeth in the present study (mean,
7.21 months) because the patients were already scheduled to undergo implant restoration.

The mean amount and rate of supraeruption were 0.91 mm and 0.14 mm/month, respectively,
and 0.71 mm and 0.22 mm/month within 6 months after extraction of the opposing teeth.
These results suggest that supraeruption of unopposed teeth occurs mostly within 6 months
after extraction of the opposing teeth and then slows down.

Age, attachment loss, and the arch have been reported to be associated with supraeruption
[17]. This study revealed that the prevalence of supraeruption was affected by sex, age, and
the distance from the CEJ to the ABC. Women had a higher prevalence of supraeruption

than men. However, the amount and the rate of supraeruption tended to be higher in

men, although those differences did not show statistical significance. The effect of sex

on supraeruption is controversial. Although some studies have found no difference in the
prevalence of supraeruption between male and female patients [18], others have reported a
higher prevalence of supraeruption in males [5]. The mean age of the subjects in the present
study was 55 years, meaning that most of the included women were menopausal. Considering
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The prevalence of supraeruption was higher in subjects younger than 60 years. Craddock
et al. [5] also reported that supraeruption due to periodontal growth was more prevalent in
younger patients. However, the amount and the rate did not show significant differences
according to age.

The present subjects were divided into 2 groups according to the distance from the CEJ to
the ABC. We set the reference point at 2 mm, because the normal CEJ-to-ABC distance is
1.08 mm [19], whereas patients with periodontitis or a history of periodontitis show alveolar
bone loss [20]. The prevalence of supraeruption was lower in subjects with a CEJ-to-ABC
distance of <2 mm than in subjects with a distance of >2 mm, but there was no statistically
significant difference in the amount and the rate of supraeruption between the 2 groups. In
contrast, Christou and Kiliaridis [4] reported that periodontally affected unopposed molars
presented more prominent vertical displacement over 10 years than periodontally healthy
teeth. Periodontitis is characterized by a breakdown of the balance between the activity of
osteoclasts and osteoblasts [21], which could affect the bone remodeling around unopposed
teeth. Similarly, the rate of supraeruption tended to be higher in subjects with a CEJ-to-ABC
distance of >2 mm in this study. In patients with a history of periodontitis, supraeruption
seems to initiate slowly then progress rapidly.

The mean rate of supraeruption was 0.14 mm/month in all subjects and 0.22 mm/month
within 6 months after extraction. The thickness of the enamel on the occlusal surface of
teeth is typically 1.0-1.5 mm. These findings suggest that the amount of supraeruption
cannot be adjusted only by enameloplasty when the opposing teeth are missing for more
than 1 year. Conventional implant placement requires a postextraction healing period of

at least 6 months [22], although an early implant placement protocol has shown similar
clinical outcomes to the conventional one [23]. In addition, the conventional guidelines also
require a period of 3—6 months prior to prosthesis loading [22], although it has also been
reported that immediate or early loading of dental implants can produce acceptable clinical
outcomes [24,25]. In summary, it takes 9-12 months to complete an implant prosthesis after
tooth extraction, and this period can increase when guided bone regeneration or sinus floor
elevation needs to be performed. Therefore, when implant placement is expected after tooth
extraction, additional pretreatment is needed to prevent supraeruption of the opposing
teeth. A fixed retainer or a removable retainer can be recommended. Because the rate of
supraeruption tended to be higher in men, patients aged >60 years, and those with a history
of periodontitis, these patients require more attention.

The main limitation of this study is that the measurements were performed on panoramic
radiographs due to the use of retrospectively collected data. Studies have reported distortion
and magnification of radiographic images [26-28]. Fortunately, though, head positioning
affects the magnification of vertical distances less than that of horizontal distances

[26]. This error was minimized in this study by setting the reference point at a constant
position as much as possible in the pre-extraction and postextraction radiographs, and

the measurements were performed using imaging software and a software measurement
tool. Another limitation is that only vertical displacement was measured. The extraction

of opposing teeth can lead to drifting, tipping, and supraeruption [29]. However, since the

https://doi.org/10.5051/jpis.2000140007 265


https://jpis.org

JPIS A

measurements were performed on panoramic radiographs in this study, 3-dimensional
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changes could not be measured. In addition, the number of subjects in each group was not
sufficient to generalize the results of this study.

This study showed that the amount of supraeruption on the maxillary second molar was
similar to the thickness of the enamel on the occlusal surface. When a single implant is
scheduled to be placed on the mandibular second molar, supraeruption of the antagonist
should be considered. Based on our findings, it can be suggested that an additional
pretreatment procedure to prevent supraeruption of the antagonist, such as a retainer, can
help reduce the difficulties that can occur when a missing tooth is replaced by an implant
prosthesis. Further study is necessary to evaluate the supraeruption of teeth at other sites or
multiple teeth.
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