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Implant-supported restorations are considered the 
most biomimetic design for the replacement of single 

missing teeth. The good long-term success and high 

patient satisfaction in terms of esthetic outcomes have 
made single implants a routine procedure.1–3 However, 
the most challenging area for single-tooth implant use 
is the anterior maxilla due to high esthetic demands.4

It has been well-understood that growing individu-
als are not good candidates for single-implant therapy, 
since the implant, like an ankylosed tooth, fails to adapt 
to the maxillo-mandibular and alveolar growth as well 
as to the continuous eruption of the adjacent natural 
teeth. This results in disharmony of the occlusal plane 
described as infraocclusion or infrapositioning of the 
implant-supported restoration.5,6 Clinical studies have 
shown that the placement of implants in adolescents 
results in infraocclusion of 0.1 to 2.2 mm at follow-up 
times ranging from 3 to 10 years.7,8

The assumption that adults cease to grow is no lon-
ger valid; although more subtle and slowly progressing 
over decades, changes in adults do occur even after the 
age of 40 years, and have a long-term effect on single-
implant–supported restorations adjacent to natural 
teeth.9 These changes are more pronounced in the 
vertical dimension with a continuous increase in the 
lower anterior facial height, which has been attributed 
to an increase in the anterior dentoalveolar height, as 
well as to the continuous eruptive movement of the 
teeth.10–12 A mean increase of 1.6 mm in lower ante-
rior facial height has been reported in patients from 25 
to 45 years of age; 0.95 mm of it was attributed to the 
continuous eruption of maxillary incisors.11 Following 
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the active growth phase, the incisal vertical change 
progresses at a mean rate of 0.1 mm per year.13

The continuous eruption of teeth in adults re-
sults in infraocclusal positioning of dental implants 
(Fig 1).5,6,14–17 The magnitude of implant infraposition 
in adult patients reported in the literature ranges from 
0.10 to 1.86 mm at follow-up intervals from 1 to 15 
years.4,6,14,15,18,19 Sex and face anatomy were identified 
as significant factors for the development of infrapo-
sition of the single-implant restorations, with women 
and patients with the long face type presenting a high-
er risk.4,15–17 Some studies have also reported an asso-
ciation between the amount of vertical eruption and 
implant location. Central and lateral incisors but not 
canines or premolars presented a significant increase 
of clinical crown height.15,18

Even small amounts of infraocclusion of single-
implant–supported restorations in the anterior maxilla 
can cause esthetic concerns. Changing the incisors’ pro-
portions affects the relative smile attractiveness, which 
in turn affects the perception of facial attractiveness.20 
It has been reported that even though small changes 
of up to 1 mm in the width of the incisors are still ac-
cepted as esthetic by the patients, any changes in the 
length of the incisors are not well tolerated.21 Psycho-
social research suggests that there is a link between 

beauty and health; adults with excellent dental esthet-
ics have more favorable oral-hygiene attitudes and 
preventive behaviors (toothbrushing and dental visits) 
than those with adverse dental esthetics.22,23

The primary aim of the present study was to evalu-
ate the longitudinal changes in the position of single-
implant prostheses adjacent to teeth in the anterior 
maxilla of adult patients. The secondary aim was to as-
sociate the observed changes with patient- or surgery-
related parameters, including the following: (1) sex; 
(2) age; (3) country of origin; (4) implant location; (5) 
implant surgical protocol, which includes immediate 
versus delayed implant placement, one- versus two-
stage implants, and the performance of guided bone 
regeneration at the time of implant placement; and (6) 
implant temporization with provisional prosthesis (im-
mediate versus delayed). 

MATERIALS AND METHODS

Study Population
The study participants were selected retrospectively 
from the pool of patients who were treated with single 
implant-supported restorations in the anterior maxilla 
at the Department of Periodontics and Oral Medicine, 

a b

c d

Fig 1  Clinical images illustrating a single-implant crown at the right lateral incisor position (a) at baseline, (b) after 2 years, (c) after 
5 years,  and (d) after 8 years of functional loading. Note the infraposition of the implant crown, which is more pronounced at 8 years. 
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University of Michigan, Ann Arbor, USA, and at the 
Center of Digital Dentistry, Peking University School 
and Hospital of Stomatology, Beijing, China.

To be included in the study, the patients had to be 
older than 20 years at the time of implant surgery with 
available radiographs of the implant site at crown de-
livery (baseline) and at least one follow-up within the 
range of 1 to 15 years postloading. The adjacent natu-
ral teeth were periodontally healthy or periodontally 
stable according to the following criteria: absence of 
pockets > 4 mm, absence of mobility, absence of clini-
cal and radiographic signs of trauma from occlusion, 
and no radiographic evidence of progressive alveolar 
bone loss. The exclusion criteria included the follow-
ing: metabolic bone diseases (eg, Paget’s disease, 
hypercalcemia, vitamin D3 abnormalities, osteopo-
rosis), history of bisphosphonate use, anterior open 
bite and/or cross-bite, presence of peri-implantitis 
(bleeding/suppuration on probing and > 2 mm bone 
loss),24 and use of orthodontic appliances. In order to 
confirm eligibility for the study, all dental charts and 
intraoral radiographs were screened by two calibrated 
examiners (A.P., Q.L.). The study was approved by the 
Institutional Review Board (IRB) of the University of 
Michigan (HUM00119425) and the ethical committee 
of School and Hospital of Stomatology, Peking Univer-
sity (PKUSSIRB-201839159).

Radiographic Measurements
The existing periapical intraoral radiographs, taken 
with the “parallel technique” (Rinn holder, Dentsply) 
were used to assess implant infraocclusion over time. 
The radiographic images were evaluated using an 
open source image processing program (ImageJ/Fiji 
1.46, U.S. National Institutes of Health).25 Images were 
calibrated on ImageJ by measuring the radiograph-
ic length of the implant (L) and comparing it to the 
known implant length. 

The implant crown infraocclusion was measured as 
follows: (1) selection of an easily identifiable point of 
reference located on the implant-abutment junction 
(A) and (2) selection of a point of reference located on 
the adjacent mesial tooth (B). The point of reference 
on the tooth was either the cementoenamel junction 
(CEJ), the margin of a restoration, or the intersection 
between the incisal and distal border of the mesial 
tooth. If no points of reference could be identified on 
the adjacent mesial tooth, the distal tooth was used in-
stead. Subsequently, (3) the vertical distance between 
the two reference points (AB) was measured in millime-
ters at baseline and at follow-up examinations (Fig 2). 
The amount of infraocclusion was calculated based on 
the difference of the aforementioned measurements.

Data Analysis
All radiographic measurements were performed inde-
pendently by two examiners (A.P., Q.L.). Each examiner 
was blinded to the measurements made by the oth-
er examiner. The interrater reliability was calculated 
based on an intercept-only linear mixed model with 
infraocclusion as the outcome and random intercepts 
for the rater and for each combination of patient and 
time. A value of 0.88, with a 95% confidence interval 
(CI) ranging from 0.81 to 0.93, showed good agree-
ment between the examiners.

Infraocclusion was modeled in terms of time af-
ter the delivery of the definitive implant-supported 
crown in a linear mixed model, with the intercept set 
to 0. Also, it was investigated how the rate of infra-
occlusion varied based on country of origin (China vs 
United States), sex, age, implant site (central incisors, 
lateral incisors, canines), type of restoration (cement 
retained vs screw retained), time of implant surgery 
(delayed vs immediate), implant surgical protocol 
(two stage vs one stage), performance of guided bone 
regeneration (yes vs no), and implant temporization 
with provisional restoration (delayed vs immediate). 
The statistical analysis used the open source software 
package R (version 3.3.2, 2016); linear mixed models 
were created with the lme4 package, and P values 
were determined by the lmerTest package. Statistical 
significance was set at 5%.

Fig 2  Radiographic assessment of implant infraocclusion over 
time. The vertical distance was measured in mm between A 
(implant-abutment junction) and B (CEJ of the adjacent mesial 
tooth). The same measurement was performed on the radio-
graph taken at each follow-up examination. The amount of in-
fraocclusion (in mm) was calculated based on the difference 
between the baseline and follow-up measurements.
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RESULTS

Seventy-six patients (40 patients from the United 
States and 36 patients from China) were included in 
the study. The sample included 46 men and 30 women. 
The mean age of the patients at implant surgery was 
45 years, ranging from 21 to 78 years. The patients were 
treated with 77 single-implant–supported crowns 
in the anterior maxilla, including 48 central incisors, 
24 lateral incisors, and 5 canines. The baseline demo-
graphic characteristics of all study participants as well 
as the distribution of factors with a potential effect on 
the rate of infraocclusion are displayed in Table 1. 

The vertical tooth movement in adults resulted in in-
fraocclusion of single-implant–supported restorations 
in the anterior maxilla, which reached a maximum of 
1.67 mm for a period of up to 15 years after the defini-
tive prosthesis delivery. Infraocclusion progressed over 
time by 0.08 mm/year, with a 95% CI ranging from 0.06 
to 0.1 mm/year. The rate of infraocclusion showed a 
significant change over time (P < .001) (Fig 3). In some 
cases, the longitudinal vertical change in the position 
of the teeth relative to the single-implant–supported 
restorations was minimal (less than 0.5 mm) even at 
longer follow-up times, whereas in other cases, the in-
fraocclusion progressed at a faster rate (Fig 3).

Table 1  Patient Demographics and Distribution of Factors with Potential Relationship to the 
Presence of Implant Infraocclusion 

USA China Total

No. of patients 40 36 76

Sex (male/female) 28/12 18/18 46/30

Mean age, y (range) 56 (21–78)  36 (25–48) 45 (21–78)

Implant sites 
 Central incisors
 Lateral incisors
 Canines
 Total

26
13

1
40

22
11

4
37

48
24
5

77

Implant prosthesis 
 Cement-retained
 Screw-retained
 Not known

25
9
6

34
1
2

59
10
8

Implant surgical protocol
 Immediate/delayed
 One stage/Two stage

20/20
12/28

8/29
10/26a

28/49
22/54a

Provisional restoration 
 Immediate temporization
 Delayed temporization
 Not known

8
30

2

7
30

0

15
60

2

Intraoperative guided bone regeneration (yes/no) 12/28 17/20 29/48

Intraoperative use of bone graft
 None
 Autograft
 Allograft
 Xenograft
 Mixture with autograft
 Polymer-based

12
0

21
2
4
1

6
5
0

19
7
0

18
5

21
21
11

1

Implant brand
 Zimmer
 Nobel/Brånemark
 ITI/Straumann
 Biohorizons
 NeoBiotech
 3i
 Sultzer
 Sybron

17
13

1
6
1
0
1
1

0
24
7
0
0
6
0
0

17
37
8
6
1
6
1
1

Years of follow-up (range) 1–11 1–15 1–15

Data are presented separately for patients treated in the USA and China, along with the total number of patients studied.
aMissing data for one implant site.
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Interestingly, infraocclusion was more pronounced 
for delayed versus immediate implant placement 
(mean rate: 0.09 mm/year vs 0.06 mm/year, respec-
tively; P = .04) (Fig 4). Another factor that was found to 
be significantly associated with infraocclusion was age. 
Infraocclusion progressed faster for younger individu-
als than for older individuals. It was calculated that the 
rate of infraocclusion decreased by 0.0013 mm/year per 
additional year of age at implant placement (P = .014) 
(Fig 5).

A more pronounced vertical change was observed 
in implants placed at central incisor locations com-
pared with lateral incisors, as well as in implants that 

were temporized with a provisional prosthesis using 
a delayed protocol compared with implants that re-
ceived immediate temporization. None of these differ-
ences, however, was statistically significant (Table 2).

No association between infraocclusion and sex, 
country of origin (USA vs China), implant site, surgi-
cal protocol (one vs two stage), application of guided 
bone regeneration, and type of definitive prosthesis 
(screw vs cement retained) was found (Table 2). More-
over, no differences existed in the amount of infraoc-
clusion for various implant brands, as well as for the 
types of bone grafts used (data not shown). 

DISCUSSION

Besides adolescents and young adults,6–8,19 infraocclu-
sion of the single implant crown in relation to the adja-
cent teeth has also been observed in mature adults.14 
Similar to an ankylosed tooth, the implant does not fol-
low the facial bone growth and the continuous erup-
tion of adjacent teeth, resulting in a discrepancy of 
the occlusal plane that might eventually raise esthetic 
concerns.26,27 This phenomenon is more pronounced 
during the active growth phase when the teeth erupt 
at a rate of 1.2 to 1.5 mm per year. After the growth 
spurt, the eruption of teeth continues at a slower rate 
of 0.1 to 0.2 mm per year.5,13 Kawanami and coworkers 
evaluated the infraposition of ankylosed incisors and 
reported an infraposition rate of 0.07 mm per year in 
adult patients.28

The present study found that infraocclusion of 
single-implant–supported restorations in the ante-
rior maxilla of adult patients ranged from no obvious 
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Fig 3  Infraocclusion (mm) by years after implantation with an 
overall trend line derived from the linear mixed model results 
(blue solid line). While infraocclusion progressed at a rate of 
0.08 mm/year on average, individual variations existed. The red 
dashed lines show the progression of infraocclusion in four dif-
ferent patients over time, exhibiting larger or smaller progres-
sion rates.

Fig 4  Infraocclusion (mm) for delayed (black dots) and immedi-
ate implant placement (red triangles). A trend line derived from 
the linear mixed model results for each group is shown. The rate 
of infraocclusion is higher for delayed implant placement than 
for immediate implant placement at a statistically significant 
level (P = .04).
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Fig 5  The predicted infraocclusion over time for patients aged 
61.8 and 31 years. These correspond to ages that are one stan-
dard deviation above and below the mean age of the patients at 
implant placement. Based on the present analysis, infraocclu-
sion is expected to progress faster for younger individuals than 
for older individuals.
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changes to 1.67 mm for a period of 1 to 15 years af-
ter the definitive prosthesis delivery. Infraocclusion 
of a single-implant–supported crown was measured 
as eruptive movement of neighboring natural teeth. 
A mean infraocclusion rate of 0.08 mm per year was 
observed. These results are consistent with previous 
studies; Bernard and coworkers reported infraocclu-
sion from 0.12 to 1.86 mm in mature adults aged from 
40 to 55 years who were followed for a mean period of 
4 years (range: 1 to 9 years).14 Chang and Wennström 
reported mean vertical changes of teeth adjacent to 
single implants in the maxilla of 0.1 mm (range: 0.03 to 
0.19 mm) at 1 year, 0.3 mm (range 0.18 to 0.41 mm) at 
5 years, and 0.4 mm (range: 0.15 to 0.60 mm) at 8 years 
in 31 adult patients with a mean age of 40 years.18 In a 
prospective 3-year study, Vilhjálmsson and colleagues 
measured the continuous eruption of teeth adjacent 
to single implants in the anterior maxilla of 50 adult 
patients aged 35 years (range: 20 to 56 years) and re-
ported a mean value of 0.67 mm, ranging from 0.13 to 
1.75 mm.27 In a group of 10 young adults (mean age: 
20 ± 1.4 years) treated with single-implant–supported 
crowns to replace congenitally missing maxillary cen-
tral and/or lateral incisors, Jamilian and coworkers re-
ported that all cases had significant infraocclusion of 
more than 1 mm at 5 years.19

Even though infraocclusion increased over time, 
interindividual variations existed. Most patients re-
mained relatively stable throughout time, presenting 
small signs of infraocclusion (less than 0.5 mm), while a 
few cases showed more severe infraocclusion of more 
than 1 mm. Similar variations among individuals have 
also been reported by other researchers. Andersson 
and colleagues followed-up 57 adult patients (age 

range: 15 to 57 years) for 17 to 19 years and found that 
half of the patients remained relatively stable with less 
than 0.5 mm of infraocclusion. Severe infraocclusion of 
more than 1 mm was evident in 35% of the patients.4 
Jemt and coworkers clinically evaluated 25 patients 
(mean age: 25 ± 10 years) restored with 28 single im-
plant crowns in the anterior maxilla. After 15 to 17 
years, the majority of patients showed insignificant in-
fraposition of less than half a millimeter. Only 11% of 
the patients showed clinical infraposition from 0.5 to 
1 mm and 14% of the patients showed severe infrapo-
sition of more than 1 mm.16

In the present study, age was identified as a signifi-
cant factor for the development of implant infraocclu-
sion. It was estimated that the rate of infraocclusion 
decreased by 0.0013 mm per year per additional year of 
age at implantation. It was therefore concluded that in-
fraocclusion developed faster in younger than in older 
adults. Other studies have also reported an association 
between age and the development of infraocclusion; 
however, these studies included only adolescents and 
young adults up to 20 years of age.6–8,13,19 On the other 
hand, Bernard and coworkers compared “young adults” 
(age range: 15.5 to 21 years) and “mature adults” (age 
range: 40 to 55 years) and found no differences in the 
amount of infraocclusion between the two groups.14 
Another two studies that included only adult patients 
failed to identify age as a risk factor for the develop-
ment of infraocclusion.18,27 These differences between 
the results of the present study and previous studies 
might be partially explained by the variations in skele-
tal maturation, tooth eruption, and continuous growth 
patterns that exist among individuals.7 Furthermore, 
tooth wear is a common occurrence in adults and 

Table 2  Differences in Rates of Infraocclusion According to Various Patient- and Surgery-Related 
Parameters 

Variable or comparison
Estimated difference in the rate 

of infraocclusion (mm/y)

95% confidence interval  
for the difference in  

the rate of infraocclusion  
(mm/year) P value

China vs USA 0.018 [–0.012, 0.049] .24
Female vs male 0.018 [–0.012, 0.048] .25
Age (y) –0.0013/

additional year of age
[–0.0023, –0.00029] /
additional year of age

.014

Central incisors vs lateral incisors 0.028 [–0.0062, 0.062] .12
Canines vs lateral incisors 0.02 [–0.039, 0.080] .51
Cement-retained vs screw-retained prosthesis 0.0071 [–0.045, 0.058] .79
Delayed vs immediate implant placement 0.034 [0.0024, 0.067] .040

Implant surgical protocol: two stage vs one stage –0.0036 [–0.038, 0.031] .84

Provisional: delayed vs immediate temporization 0.030 [–0.012, 0.072] .16

Guided bone regeneration: no vs yes 0.0045 [–0.026, 0.035] .77

Results are derived using a linear mixed model. The timing of implant placement (immediate vs delayed) and the age of the patients at implant 
surgery showed statistically significant association with infraocclusion.
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increases with age.29–31 In cases where a single implant 
crown is adjacent to natural teeth that are subject to 
incisal wear, this may counteract the changes in the in-
cisor plane in the esthetic zone up to an extent.

Sex and implant site have also been studied as pos-
sible factors associated with implant infraocclusion. 
Female patients have been reported to be at higher 
risk of implant infraposition,4,15,16 even though this 
has not been confirmed by other investigators.14,18,27 
The results of the present study indicated that infra-
occlusal positioning of dental implants was not as-
sociated with sex. Regarding implant location as a 
risk factor for infraocclusion, Chang and Wennström 
reported more pronounced vertical changes for the 
maxillary incisors compared with maxillary premo-
lars.18 Nevertheless, studies that included only the an-
terior maxillary teeth (canine to canine) failed to show 
any differences in the magnitude of infraocclusion of 
the implant-supported crown at various locations of 
the implant (central incisors, lateral incisors, or ca-
nines).14,27 The present study reports a trend for im-
plants located in the central incisor position to show 
more infraocclusion compared with lateral incisors 
and canines, although the differences did not reach 
statistical significance. This warrants further investiga-
tion with a larger sample size. A “long face” type has 
also been reported as a possible risk factor for infraoc-
clusion4,16,26; however, in the present study, face anat-
omy was not evaluated due to lack of relevant data in 
patients’ records.

The literature regarding surgery-related and 
prosthesis-related parameters as possible risk factors 
for implant infraocclusion has been very scarce so far. 
Vilhjálmsson and coworkers, in a prospective 3-year 
study, found no effect of preoperative bone aug-
mentation and type of implant on the development 
of infraocclusion over time.27 In the present study, 
infraocclusion progressed faster for implants placed 
using a delayed protocol than for implants placed 
immediately after dental extraction. To the best of 
the authors’ knowledge, this is the first study that re-
ports an association between the timing of implant 
placement (immediate vs delayed) and the rate of 
progression of infraocclusion. Moreover, a more pro-
nounced vertical change was observed in implants 
that received delayed temporization with provisional 
prostheses compared with implants that were tem-
porized immediately, even though this difference did 
not reach statistical significance. On the other hand, 
the implant brand, implant surgical protocol (one- vs 
two-staged approach), performance of intraoperative 
guided bone regeneration, type of bone graft, and 
type of definitive implant prosthesis (screw-retained 
vs cement-retained) appeared to have no effect on 
the development of infraocclusion. The variables 

implant brand and type of bone graft included multi-
ple subcategories (Table 1) with very few data in most 
of them. The present analysis did not yield anything 
of statistical significance; however, more research 
with larger sample sizes is needed in order to further 
elaborate on these associations.

The use of radiographs to assess vertical tooth 
movement in relation to single implant crowns has 
some inherent limitations. Since the radiographic 
evaluation was performed retrospectively, the exist-
ing periapical radiographs were not fully standardized 
(ie, with the use of customized acrylic stents); there-
fore, the radiographic measurements were subject to 
errors. In an effort to overcome these limitations, the 
present study included radiographs with no obvious 
distortion, where the implant threads could be clearly 
identified on the mesial as well as on the distal aspect 
of the implant. Also, the radiographs were calibrated 
using the known implant length, and the linear mea-
surements were performed by two calibrated inde-
pendent examiners.

For future prospective studies, a larger sample size 
is recommended with standardized age, sex, surgical 
conditions, and implant brands, as well as the use of a 
fully standardized, digital radiographic technique that 
allows for more accurate measurements. Since tooth 
wear may, to some extent, counteract the changes 
caused by the continuous eruption of teeth, it would 
be useful to use a tooth wear index at baseline and at 
the follow-up examinations in order to estimate the 
amount of infraocclusion more precisely. Given the 
findings of the present study, which were solely based 
on radiographic evaluation, it would be interesting for 
future studies to correlate the radiographic measure-
ments with a clinical assessment of infraocclusion, as 
well as the patient’s assessment of the esthetic result.

CONCLUSIONS

This study confirms that adult patients with implant-
supported restorations in the esthetic zone display 
long-term changes that may jeopardize the implant 
esthetics. However, the magnitude of infraocclusion 
was small, showing in most situations differences in 
the incisor plane between teeth and implant restora-
tions of less than 1 mm. This means that, in most cases, 
a replacement of the implant-supported crown will 
address the esthetic concerns. In more severe cases, 
restorative adjustments of the adjacent natural teeth 
might be necessary in conjunction with the replace-
ment of the implant-supported prosthesis.32 Age and 
implant placement using a delayed approach were the 
only variables with a significant effect on the rate of 
implant infraocclusion.
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