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Abstract

Objectives: To quantify the neighboring and antagonist teeth migration of a single
posterior tooth-missing site within 3 months using digital scanning and measuring
techniques.

Materials and Methods: Intraoral scans (I0S) were made in 40 patients presenting a
single posterior tooth-missing gap and receiving implant therapy. |IOS were obtained
at the day of and three months after implant surgery rendering a digital baseline
model (BM) and a digital follow-up model (FM). Digital models were superimposed
using the implant scan body as reference. Antagonist models were processed by the
best fit alignment. Dimensional change between anatomical landmarks on neighbor-
ing teeth and that of featuring points on antagonistic teeth were measured using a
three-dimensional analysis software. The Mann-Whitney U test was applied to com-
pare the tooth-moving distance between the mesial and distal neighboring teeth.
The Kruskal-Wallis one-way ANOVA was used to test the difference in dimensional
change in tooth-missing site among age subgroups.

Results: The mean dimensional change in the tooth-missing site was
-37.62 + 106.36 pm (median: -28.33 pm, Q,; —72.65/Q,. 38.97) mesial-distally and
-67.91 + 42.37 pm (median: -61.50 pm, Q,, -88.25/Q,. -36.75) occlusal-gingivally.
Eighteen out of 40 mesial neighboring teeth and 24 out of 40 distal neighboring teeth
showed migration towards the implants. When patients were grouped according to
age, the mesial-distal reduction in the tooth-missing site was significantly larger in
patients younger than 30 years compared with those older than 50 years (p < .05).
Conclusions: The dimensions of posterior tooth-missing sites decreased over an ob-

servation period of 3 months.
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1 | INTRODUCTION

The reports about migration of neighboring and antagonist teeth
after natural tooth extraction remain inconsistent. A variety of
clinical studies revealed that the integrity and stability of natural
dentition could be affected for a long time after tooth extraction if
the space was left without restoration (Christou & Kiliaridis, 2007;
Craddock et al., 2007; Garcia-Herraiz et al., 2012, 2017).

Drifting and tipping of the neighboring teeth (Weinstei, 1967)
and overeruption of the antagonist teeth (Lyka et al., 2001) are
typical phenomena observed 5-12 years after tooth loss (Christou
& Kiliaridis, 2007; Lindskog-Stokland et al., 2012). Nevertheless,
other studies showed that the incidence of adjacent teeth mov-
ing toward edentulous area was not always the same (Kiliaridis
et al., 2000; Love & Adams, 1971), and the probability and distance
of teeth movement could be small. The mean reduction in the me-
sial-distal tooth-missing gap did not exceed 1 mm six years after
tooth extraction (Gragg et al.,, 2001; Shugars et al., 2000). With
the tooth-missing time prolonged, the risk of dimensional eden-
tulous gap changes decreased (Garcia-Herraiz et al., 2017; Gragg
et al., 2001).

Most of the studies investigating dimensional change in
tooth-missing gap after tooth extraction generally had a 5- to 20-
year observation time (Christou & Kiliaridis, 2007; Gragg et al., 2001;
Kiliaridis et al., 2000; Love & Adams, 1971; Shugars et al., 2000).
Only one study compared the change in tooth-missing gap between
1 and 3 months after tooth extraction by analyzing stone models
with confocal laser scanning microscopy technique (Garcia-Herraiz
et al., 2017). They reported 0.35-mm and 0.67-mm mean gap reduc-
tion 1 and 3 months following tooth extraction.

Different outcomes may come from different timing and mea-
surement techniques. Methods of measurement used in prior stud-
ies included the following: clinical examination (Kiliaridis et al., 2000;
Love & Adams, 1971), questionnaire (Kiliaridis et al., 2000), radio-
graphic evaluation (Gragg et al., 2001; Lindskog-Stokland et al., 2012;
Shugars et al., 2000), and stone model measurement (Garcia-Herraiz
et al.,, 2017). Some of these methods were qualitative techniques
(Kiliaridis et al., 2000; Love & Adams, 1971), while others were quan-
titative techniques (Garcia-Herraiz et al., 2017; Gragg et al., 2001;
Lindskog-Stokland et al., 2012; Shugars et al., 2000). These quanti-
tative techniques have some limitations such as lacking fixed refer-
ence markers, using two-dimensional (2D) radiographies, involving
too many manual interventions in data acquisition, or failing to stan-
dardize the reference points. All of these factors may have an influ-
ence on the results.

Novel digital technology has been adopted to improve dimen-
sional measurement accuracy. Recent studies showed that the fully
digital workflow in the restoration of posterior single implant crowns
was highly effective and efficient (Joda et al., 2017; Muhlemann
et al., 2018). Intraoral scanners with an accuracy of up to 12.7 um
(Moreira et al., 2015) can generate digital model which can be eas-
ily stored, transmitted, and utilized repeatedly without information

loss over time (Shah et al., 2004). Compared with 2D radiographic

measurement, linear measurement of three-dimensional (3D) dig-
ital model and quantitative analysis using inspection software can
reduce patients’ X-ray exposure and the error caused by image
deformation.

The latest research showed that optical impression could be
taken immediately after implant placement, and posterior single im-
plant crown could be successfully delivered three months after the
surgery (Guo et al., 2019; Pan et al., 2019). However, it is still unclear
if there are dimensional changes in the tooth-missing site during the
3 months following implant placement.

Therefore, the aim of the present clinical study was to analyze
position changes in neighboring and antagonist teeth of single pos-
terior tooth-missing site, between the day of implant placement
and 3 months later using digital scanning and measuring techniques
(CONSORT 2010 checklist). The null hypothesis was that there were
no dimensional changes in single posterior tooth-missing sites be-

tween implant placement and 3 months later.

2 | MATERIALS AND METHODS
2.1 | Participants

This study was conducted in the Department of Prosthodontics,
Peking University School and Hospital of Stomatology.

The study was reviewed and approved by the Institutional Review
Board of Peking University School and Hospital of Stomatology
(Ethical approval No: PKUSSIRB-201732002). The study had been
registered in Chinese Clinical Trial Registry (ChiCTR; ChiCTR No:
INR-17014092). The Consolidated Standards of Reporting Trials
(CONSORT) guidelines were used as the framework for this study.

This study was undertaken with the understanding and writ-
ten consent of each subject and according to the World Medical

Association Declaration of Helsinki (version 2013).
The inclusion criteria were as follows:

1. Age = 18 years old

2. Missing single posterior premolar or first molar for at least
3 months

3. Mesial and distal teeth / fixed restorations present and intact

4. Sufficient bone height and width at implant site (vertical bone
height = 10 mm, buccal-lingual bone width = 6 mm)

5. Sufficient prosthetic space (vertical height > 5 mm, mesial-distal
distance = 6 mm)

6. Willing to receive implant treatment
The exclusion criteria were as follows:

1. Local or systemic contraindication for implant therapy (i.e.,
uncontrolled diabetes, hemophilia, metabolic bone disorder,
history of renal failure, radiation treatment to the head or

neck region, current chemotherapy, and pregnancy)
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2. Smoking = 10 cigarettes per day
3. In need for major guided bone regeneration (GBR) / submucosal
implant healing

2.2 | Clinical examination and implant placement

The surgical procedure of implant placement was described in a pre-
vious article reporting on the same patient cohort (Pan et al., 2019). In
brief, at the first visit a clinical and radiographic examination (CBCT,
VGi evo, NewTom) was performed. An intraoral scan (IOS) includ-
ing both jaws and a bite registration (3Shape Trios® Standard-P11,
3Shape A/S) was made. At the second appointment, the implant
(Straumann Bone Level or Tissue Level, Institut Straumann AG) was
placed according to the manufacturers’ instructions.

2.3 | Digital model acquisition

Immediately after implant placement, an implant-specific scan body
(Institut Straumann AG) was connected onto the implant, and the
intraoral scan acquired during the first visit was updated with the
scan body (Figure 1a). Three months following implant placement, a
second intraoral scan was taken including both jaws, the implant site
with the scan body in the same alignment as during the first scan,
and the bite registration (Figure 1b).

Digital models were generated from the optical impression data-
sets and saved in stereolithography (STL) format by means of a comput-
er-aided design (CAD) software (3Shape Designer, 3Shape A/S). Digital
models obtained at the day of surgery were considered as the baseline

models (BM), and digital models generated 3 months following implant
placement were considered as the follow-up models (FM). The two
digital models were imported into a 3D analysis software (Geomagic
Qualify 2012, 3D SYSTEMS) for the dimensional measurements.

2.4 | Three-dimensional measurement of
neighboring teeth migration

2.4.1 | Determination of reference lines on the
neighboring teeth

On the BM, a buccal plane was generated according to a buccal line
connecting the most prominent point on the buccal surface of the me-
sial and distal neighboring teeth and paralleling to the central axis of
the scan body, and then, a reference plane (RP) was determined paral-
lel to the buccal plane and running through the central axis of the scan
body (Figure 2a). Two reference lines were obtained in the RP by draw-
ing lines parallel to the central axis of the scan body and tangential to
the mesial and distal outline of the neighboring teeth (Figure 2b). The
scan body of the FM was superimposed on the scan body of the BM
using best fit alignment. The RP in the BM was replicated in the FM

and used to determine the mesial and distal reference lines in the FM.
2.4.2 | Measurement of neighboring tooth
movement in the RP

The distances between the central axis of the scan body and the

parallel reference lines were measured mesially (D1) and distally (D2)

FIGURE 1

I0S digital model acquisition. (a) Intraoral scan made immediately after implant placement. (b) Intraoral scan made

3 months following implant placement. (c) Digital baseline model (BM). (d) Digital follow-up model (FM)
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istal reference line

D2)3.24 i [

FIGURE 2 Measurement of neighboring teeth movement. (a) Parallel buccal plane and reference plane (RP) generated with RP running
through central axis of scan body. (b) Reference lines in the RP parallel to central axis of scan body and tangential to mesial and distal
neighboring teeth. (c) Distances between central axis of scan body and reference lines measured mesially (D1) and distally (D2)



GUO ET AL.

in both the BM and the FM (Figure 2c). The total mesial-distal dimen-
sional change in the tooth-missing site [(D1g,, + D2,,) - (D1g,, + D2
sm)], the mesial neighboring tooth migration (D1g,, - D1,,), and the

distal neighboring tooth migration (D2, - D2,,) were calculated.

2.5 | Three-dimensional measurement of antagonist
teeth migration

2.5.1 | Determination of reference points on
antagonist tooth

Five featuring points were selected on the occlusal surface of the
antagonist tooth opposite to the tooth-missing site (Figure 3). In case
of two antagonist teeth opposing the site, the one with the larger
occlusal area exposed to the tooth-missing gap was chosen as the

antagonist of interest.

2.5.2 | Measurement of antagonist tooth migration

A 3D coordinate system was established on the BM of the op-
posing dentition by defining a horizontal plane with three land-
mark points: the incisal point of mesial interproximal contact of
the central incisors and the two mesial buccal cusp tips of the first
molar on each side. Then, the z-axis was set perpendicular to the
horizontal plane. The BM and the FM of the opposing dentition
were superimposed using best fit alignment of the neighboring
teeth to the antagonist tooth. The standard of best fit registration
was as follows: After the best fit alignment of the selected area
with 100 000 sampling size, the root mean square error (RMS) was
<30 pm (Peters et al., 1999).

The vector change in the z-axis direction of the five featuring
points on the antagonist tooth between the BM and the FM was
recorded, and the mean vector change in the five points was cal-
culated to represent the migration distance of the antagonist tooth
(Figure 3a-c). This is also the occlusal-gingival dimensional change
in the tooth-missing site. Average occlusal-gingival change in the
tooth-missing site in the cohort was then calculated.

2.6 | Statistical analysis

A power analysis was performed using the data originated from a
previous study assessing mesial-distal dimensional change in tooth-
missing gap 3 months postextraction. The power analysis was based
on an independent t test. A sample size of 22 will have 90% power
to detect a gap reduction of 613 pm, assuming a standard deviation
of 698 pm (Garcia-Herraiz et al., 2012). Considering the possibility of
20% loss of follow-up rate, the sample size of this study was set at 40.

All statistical analyses were conducted in SPSS software (IBM
SPSS Statistics v22; IBM Corp). The results of Shapiro-Wilk test

showed that some of the data were not normally distributed;
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FIGURE 3 Measurement of antagonist teeth extrusion. (a) Five
featuring points on antagonist tooth. (b) Superimposition of BM and
FM using best fit alignment of neighboring teeth. (c) Vector change
in reference points between BM (purple line) and FM (black line)
was measured

therefore, the nonparametric Mann-Whitney U test was used
to compare tooth-moving distance between the mesial and dis-
tal neighboring teeth groups, male and female, premolar and
molar, and upper and lower jaws. The Kruskal-Wallis one-way
ANOVA was used to test the difference in dimensional change in
tooth-missing site among age subgroups. The level of significance
was set at .05.
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3 | RESULTS

Forty participants with 21 females and 19 males were recruited in
this study, and the mean age was 45.1 years. The tooth-missing posi-
tion and numbers are shown in Table 1. The mean tooth-missing time
was 14 months (range: 3-84 months).

Three months after implant surgery, the mean mesial-distal di-
mensional change in the tooth-missing site was -37.62 + 106.36 pm
(median: -28.33 pm, Q5 ~72.65/Q,; 38.97, the negative value rep-
resents a distance reduction). In 25 participants, the mesial-distal
distance of the tooth-missing site decreased, while in the other 15
patients, the mesial-distal distance increased.

For the mesial neighboring teeth, 18 migrated toward while 22
away from the implant. For the distal neighboring teeth, 24 migrated
towards and 16 away from the implant. Table 2 shows the median,
the Q,5, and the Q, of the mesial- and distal-moving distance of the
mesial and distal neighboring teeth. The distal-moving distance of
the mesial neighboring teeth was significantly larger than that of the
distal neighboring teeth (p = .003).

The antagonist teeth extrude towards the tooth-missing sites
in all forty patients, and the average occlusal-gingival change in
the tooth-missing site was -67.91 + 42.37 pm (median: -61.50 um,
Q,; —88.25/Q,; -36.75, the negative value represents a distance
reduction).

Participants were divided into three age subgroups (under
30 years, 30-50 years, and above 50 years), the mesial-distal re-
duction in the tooth-missing site was significantly larger in patients
younger than 30 years compared with those older than 50 years
(Table 3, Figure 4). No significant difference was found in occlu-
sal-gingival dimensional change in the tooth-missing site among the
three subgroups (Table 3, Figure 4).

Tooth-missing position 14 15 16 24 26 35 36
Number of teeth 1 2 7 1 4 2 13

Moving mesially

Moving distally

There was no significant difference in the mesial-distal and oc-
clusal-gingival dimensional change in tooth-missing site between
sexes (male or female), tooth positions (molar or premolar), and jaws
(maxilla or mandible) during the three months after implant place-
ment (Table 4).

4 | DISCUSSION

The null hypothesis stating that there were no dimensional changes
in single posterior tooth-missing sites between implant place-
ment and 3 months later was rejected. The mean mesial-distal
dimensional change in posterior single tooth-missing sites was
-37.62 + 106.36 pm, with 25 out of 40 participants demonstrating
mesial-distal distance reduction while 15 participants showing me-
sial-distal distance increase. The occlusal-gingival distance reduc-
tion in the posterior single tooth-missing site was observed in all 40
patients with a mean change in -67.91 + 42.37 pm.

This study investigated the short-term dimensional changes
in single posterior tooth-missing site. A conventional loading pro-
tocol of taking impression three months after implant placement
has been adopted in this study. According to the systematic re-
view (Gallucci et al., 2018) reported on the 6th ITI consensus con-
ference, when implants were placed in healed sites, the loading
protocols (early or conventional loading) have not influenced the
survival or success rate. Conventional loading of implants placed in
healed sites was the most documented study protocol and remains
the standard of care. The results indicated that minor dimensional
changes in the posterior single tooth gap were inevitable during the
3 months following implant placement. Minor antagonist tooth ex-
trusion happened in all the cases, while the mesial-distal distance

TABLE 1 Tooth-missing position and
number of teeth in each position

45 46 Total
1 9 40

TABLE 2 Moving distance of mesial

Neighboring and distal neighboring teeth (absolute
teeth n Median (Q,5/Q;5; pm) p n Median (Q,;/Q;s; pm)  p value, pm)
Mesial 22 41.92 (19.58/69.98) 071 18 85.17 (51.87/99.20) 003’
Distal 24 58.74 (35.21/99.28) 16 49.95 (17.33/64.65)
*p < .05.
L. . ) TABLE 3 Mesial-distal and occlusal-
Occlusal-gingival dimensional ingival dimensional change in the
Age Mesial-distal dimensional change change ging T 8
subgroups tooth-missing site among the three age
(years) n Median (Q,5/Q5; pm) n Median (Q,5/Q.5; pm) subgroups (the negative value represents
a distance reduction)

<30 8 -102.42 (-218.78, -54.04) 8 -63.5(-95.50, -40.50)
30-50 18 -13.68 (-73.41, 41.96) 18 -51.50 (-92.75, -33.00)

>50 14 -6.35(-36.73, 57.25) 14 -62.5(-81.50, -52.50)

p 03" 74

*p <.05.
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of the tooth-missing site showed a tendency to decrease. These
results partially confirmed the outcomes of some previous studies
(Garcia-Herraiz et al., 2017; Gragg et al., 2001). With a single tooth
loss, the remaining teeth especially the neighboring and antagonist
teeth had a tendency to rearrange to establish a new equilibrium
state, which might lead to the reduction in the tooth-missing gap
(Garcia-Herraiz et al., 2012). Even after implant restoration, the dy-
namic position change in neighboring and antagonist teeth could
cause implant infraposition (IIP) and proximal contact point (PCP)
loss (Papageorgiou et al.,, 2018), and should be monitored con-
stantly at patients’ follow-up.

In the present study, the mean mesial-distal distance reduction in
the tooth-missing site (37.62 pm) 3 months following implant place-
ment was significantly smaller than that observed 3 months follow-
ing natural tooth extraction (672.30 pm; Garcia-Herraiz et al., 2017).
The difference could be explained by different time points chosen
for the baseline. In this study, the baseline of measurement was set

at equal to or more than three months after tooth extraction, and

n
o
o
*
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in most of the participants, the posterior teeth have already been
missing for several years. Therefore, the period of significant di-
mension change due to active bone remodeling following tooth ex-
traction was avoided in this study (Garcia-Herraiz et al., 2017; Gragg
et al., 2001).

To our knowledge, the present study is the first of its kind using
intraosseous implants as reference and a digital method to quanti-
tatively analyze the movement of neighboring teeth. The implant
provided a fixed reference point to define reproducible reference
planes for precise measurements. Three-dimensional registration
technology was used to duplicate the reference plane in the same
position in both the baseline and follow-up digital models to further
improve measurement accuracy. Thus, the migration of neighboring
and antagonist teeth relative to the implant position can be analyzed
separately on the scale of microns. Compared with stone models,
the digital models can be stored for a long time without information
loss and can be used to analyze the change in dentition for this group

of patients in the future. The digital measurement protocol using

-
o
o

o

-100

-200

=300

Dimensional change of tooth-missing gap (pm)

-400
<30 30-50

+ B Mesial-distal

B Occlusal-gingival

>50

Age subgroups (year)

* p<0.05

FIGURE 4 Mesial-distal reduction in tooth-missing site was significantly larger in patients younger than 30 years compared with those
older than 50 years. No significant difference was found in occlusal-gingival dimensional change in the tooth-missing site among three age

subgroups

TABLE 4 Mesial-distal and occlusal-gingival dimensional change in the single posterior tooth-missing site according to sex, tooth-missing

position, and jaw position

Mesial-distal dimensional change

Occlusal-gingival dimensional change

Factors n Median (Q,:/Q;s; pm) p n Median (Q,5/Q,5; pm) p
Sex Male 19 -20.86 (-38.60, 39.97) .27 19 -61.00 (-79.00, -36.00) 45
Female 21 -41.84(-129.58, 32.58) 21 -66.00 (-110.50, -37.00)
Tooth-missing Premolar 7 -38.60 (-129.93, 8.55) .58 7 -41.00 (-62.00, -27.00) .05
seslilion Molar 33 -21.25 (-69.70, 44.05) 33 -63.00 (-93.50, -41.50)
Jaw position Upper 15 -20.87 (-63.00, 35.97) 98 15 -63.00 (~79.00, -41.00) .80
Lower 25 -36.57 (-88.94, 50.01) 25 -58.00 (-95.50, -35.50)
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engineering software program has been proved to be an acceptable
form of measurement with statistical validation (Zeller et al., 2019).

For the 18 mesial neighboring teeth moving distally, the average
moving distance was significantly larger than that of the 16 distal
neighboring teeth moving distally. The lack of support in-between
the mesial and distal neighboring teeth could be the reason for this
difference.

In this study, more than 75% of the neighboring and antagonist
teeth showed <100 pm linear tooth migration (Table 2). The mesi-
al-distal dimensional change in the tooth-missing sites was minimal.
These findings provided evidence for clinical adoption of a more
time-efficient fully digital workflow in implant restoration of single
posterior missing tooth (Guo et al., 2019; Pan et al., 2019). It has been
shown that the single implant crown can be fabricated from digital im-
pressions taken immediately after implant surgery by means of a mod-
el-free, laboratory-based fully digital workflow, and delivered three
months after implant placement. The chairside time for the crown
delivery was similar to that of implant crowns made from conven-
tional impression taken three months after implant placement (Pan
et al., 2019). With the data from this study, it was clarified that the fit
of the implant crown was not affected by the minor migration of the
neighboring and antagonist teeth during the 3 months. The clinical
relevance of the findings from this study was to provide appropriate
designing parameters for implant crown in fully digital workflow, and
the fit of the single implant crowns can be further improved.

Participants’ sexes and upper or lower jaw did not significantly
affect the dimensional change in the tooth-missing site, and this was
similar to the result of Garcia-Herraiz et al., (2017).

When participants were divided into three age subgroups, the
mesial-distal dimensional change in tooth-missing site in the young-
er-than-30-years subgroup was significantly larger than that in the
older-than-50-years group (p = .023). The present results are in ac-
cordance with a previous study showing a more pronounced bone
remodeling in a young population resulting in larger mesial-distal
tooth-missing gap reduction (Verna, 2016).

It should be noted that this study is a single-group prospective
cohort study based on a previous randomized controlled clinical
trial (RCT); therefore, it is a spin-off use of data from a RCT (Pan
et al., 2019). Both the registration and randomization aspects of this
study pertain to the primary research question. Limitations of the
present study include that intraoral scan, registration process, and
definition of reference lines on different digital models could intro-
duce errors in the measurement, and these errors were not assessed
in this study. Due to the definitions of the reference lines and the
central axis of the scan body, the distance values were automati-
cally displayed by the digital analysis software instead of manual
measurement, and the repeated measurement was not performed.
This study only evaluated the linear change between fixed reference
lines/points on neighboring and antagonist teeth, without indicating
the rotational and inclination movement. In addition, the influence of
the type of interocclusal relationship was not tested because of the

low number of patients.

5 | CONCLUSION

The dimensions of posterior tooth-missing sites decreased over an

observation period of 3 months.
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