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Abstract
Purpose: This study aimed to investigate the prevalence of complications in adjacent teeth and
implants when the occlusal scheme changed from canine guidance to group function due to implant
placement in canine sites and to compare them according to prosthesis type.
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Materials and Methods: This study included 41 patients, in whom 52 implants were placed at
canine sites by the same clinician. The biological and prosthetic complications of canine implants,
adjacent teeth, and implants were recorded. Fractures or mobility due to the traumatic force of
occlusion in adjacent teeth were also recorded. The implants were divided into three groups
according to the prosthesis type: (1) single crown (SC); (2) fixed partial denture splinted with
anterior implants (SA); and (3) fixed partial denture splinted with posterior implants (SP). The
prevalence of complications was compared between the three groups using the chi-square test.
Results: Nine implants were restored with a single crown, 26 implants were splinted with anterior
implants, and 17 were splinted with posterior implants. The prevalence of complications in canine
implants was not significantly different between the three groups. Fracture of the adjacent teeth and
biological complications of the adjacent implants occurred only in the SP group.
Conclusion: The results of this study suggest that changes in the occlusion scheme due to canine
implants can affect adjacent teeth and implants. Canine implants splinted with posterior implants
could be more harmful than single and canine implants splinted with anterior implants.
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Ⅰ. Introduction
The lateral occlusion schemes include canine-guided occlusion, group function occlusion,
and bilateral balanced occlusion.1 The concept of canine guidance is that only canine teeth
contact the opposing teeth during lateral excursion,2 and this has been considered the
optimal occlusion scheme.3 However, the biomechanical properties of dental implants
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differ from those of natural teeth. Implants are anchored directly in the alveolar bone without the
periodontal ligament (PDL).4 Therefore, the implants remain in their original position during chewing,
while natural teeth are inserted into the PDL space, resulting in an over-occlusion state of the implant.5
In addition, proprioception is lower around the implants than natural teeth,4 meaning that excessive
forces can be exerted on an implant during a lateral excursion.6 Therefore, when an implant replaces a
canine tooth, the lateral excursion is often guided by group function rather than canine guidance.7 A
canine implant does not contact the opposing teeth on the working side, and adjacent teeth are included
in the lateral excursion.
Changes from canine guidance to group function in lateral occlusion schemes can result in lateral
forces on adjacent teeth or implants that have not contacted opposing teeth during a lateral excursion,
which can induce occlusal trauma in these teeth or implants. The effects of lateral occlusion schemes on
teeth are controversial. Canine guidance was considered to protect other teeth by discluding them
during lateral excursion3 and it has been shown that group function is related to progressive occlusal
wear.8 In contrast, another study found that variations in lateral occlusion schemes do not affect the
amount of tooth wear.9 However, the possibility of occlusal trauma remains. Clinical and radiographic
indicators of occlusal trauma include fremitus, mobility, occlusal discrepancies, wear facets, tooth
migration, fractured teeth, thermal sensitivity, discomfort or pain while chewing, widened PDL space,
and root resorption and cemental tear.10
Lo et al. confirmed that changes in lateral occlusion schemes result in variations in the strains of the
peri-implant.11 In addition, occlusal overload was believed to be associated with porcelain fracture,
fracture of components of implant-supported overdentures, and loosening or fracture of abutment
screws.12 Occlusal overloading is also considered as one of the main causes of marginal bone and
implant prostheses failure.13 In particular, the lateral loading on dental implants can induce high stresses
in the crestal bone,14 resulting in a loss of osseointegration and excessive marginal bone loss.13
This study aimed to investigate the prevalence of complications in adjacent teeth and implants when
the occlusal scheme changed from canine guidance to group function due to implant placement in
canine sites and to compare them according to prosthesis types, such as single implant restoration and
implant-supported fixed partial denture.

Ⅱ. Materials and Methods
This study retrospectively collected data from 52 implants placed at canine sites in 41 patients by the
same clinician between November 2011 and December 2017. All patients underwent regular check-ups.
All implants were restored using a group function scheme. Patients aged <19 years were excluded. The
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sex and age of the patients were recorded and periodontal health was evaluated according to clinical
attachment loss (CAL). The patients were assigned to four groups according to the mean CAL value
(non-periodontitis, <1 mm; mild periodontitis, 1-2 mm; moderate periodontitis, 3-4 mm; and severe
periodontitis, >5 mm). Data on the reason for extracting the canine, implant placement site, prosthetic
type of opposing dentition, and implant prosthesis type were obtained.
Complications of canine and adjacent implants were recorded. Biological complications included
gingival swelling, pain, suppuration, and marginal bone loss >2 mm. Prosthetic complications included
cement loss, screw loosening, porcelain chipping, and porcelain fracture. Screw fractures and fixture
fractures were not observed in any case during the 3−9-year follow-up period. Fractures or mobility due
to the traumatic force of occlusion in adjacent teeth were also recorded.

A

B

C

Fig. 1. Panoramic radiographs of patients in (A) single crown (SC), (B) fixed partial denture splinted
with anterior implants (SA), and (C) fixed partial denture splinted with posterior implants (SP). The
asterisks indicate the canine implants evaluated in this study.
96

Journal of implantology and applied sciences Vol. 26, No. 2, 2022

Lee et al.

The implants were divided into three groups according to the prosthesis type: (1) single crown (SC);
(2) fixed partial denture splinted with anterior implants (SA); and (3) fixed partial denture splinted with
posterior implants (SP). Figure 1 shows panoramic radiographs of the patients in each group. The
prevalence of each complication was evaluated according to the group and intergroup comparisons
were performed using the chi-square test. All statistical analyses were performed with SPSS software
(version 23, SPSS, IL, USA).
The study protocol was reviewed and approved by the institutional review board of the National
Health Insurance Service Ilsan Hospital (IRB no. NHIMC 2019-04-010).

Ⅲ. Results
Twenty female patients included in this study were treated with 26 implants, and 21 male patients
were treated with 26 implants. The mean age of the patients was 57.2 years (range, 20−82 years). The
reasons for the extraction of canines included congenitally missing teeth, dental caries, periodontitis,
tooth fracture, and root rest. There were nine implants in the SC group, 26 in the SA group, and 17 in the

Table 1. Patient-related and implant-related variables
SC
(N = 9)

Variable
Patient-related
variables

Sex

Implant-related Site
variables
(N = 52)
Opposing
Dentition

Retention

p

Female

26 (50.0)

4

11

11

Male

26 (50.0)

5

15

6

57.2

39.8

59.4

60.3

0.01*

None

4 (7.7)

4

0

0

<0.001*

Mild

27 (51.9)

4

8

15

Moderate

12 (23.1)

1

9

2

Severe

9 (17.3)

0

9

0

Upper

35 (67.3)

7

15

16

Lower

17 (32.7)

2

11

7

Natural teeth

29 (55.8)

8

11

10

Crown

18 (34.6)

1

10

5

Implant

2 (3.8)

0

2

0

Denture

3 (5.8)

0

3

2

Cement

18 (34.6)

5

8

5

Screw

34 (65.4)

4

18

12

Age, mean
Periodontitis

SA
SP
(N = 26) (N = 17)

0.333

0.070
0.168

0.347

Data are N or N (%) values.
The significance for age was evaluated using one-way analysis of variance (ANOVA) and those for others were
evaluated using chi-square test.
* p < .05
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SP group. The patient- and implant-related variables of these groups are listed in Table 1. The mean age
and severity of periodontitis differed significantly between the three groups (p < .05), as did the severity
of periodontitis (p < .05).
The main reason for the extraction of canines was congenital missing in the SC group, periodontitis in
the SA group, and dental caries in the SP group (Fig. 2). However, the difference was not significant
between the three groups when evaluated using the chi-square test (p > .05).
The mean period from implant placement to the onset of complications was 26.7 months, ranging
from 8.6 to 51.3 months. Complications were observed in 34.6% of canine implants (23.1% showed
prosthetic complications and 11.5% biological complications). The prevalence of complications in
adjacent teeth was 7.7% and that in adjacent implants was 34.6%.
Table 2 lists the complications of canine implants, adjacent teeth, and adjacent implants in the three
study groups. The difference in the prevalence of complications from canine implants was not
significant between the three groups (p > .05). However, prosthetic complications tended to have a
higher prevalence in the SA and SP groups than in the SC group, while biological complications
showed the opposite tendency. Complications of adjacent teeth occurred only in the SP group. Fracture
of adjacent teeth showed significant intergroup differences in prevalence (p < .05). The success rate, the
percentage of adjacent teeth that did not show complications, was significantly different between the
three groups (p < .05). There were no complications from adjacent implants in the SC group because
that group did not have adjacent implants. The SA group showed only prosthetic complications, while
three adjacent implants in the SP group showed biological complications. The prevalence of biological
complications showed significant differences between the SA and SP groups (p < .05), while the
difference in the prevalence of prosthetic complications was not significant (p > .05).

Fig. 2. Reasons for extraction of canines.
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Table 2. Complications of canine implants and adjacent teeth or implants

Complication of
canine implants

Complication of
adjacent teeth

SC
(N = 9)

SA
(N = 26)

SP
(N = 17)

p

Prosthetic
complications

1 (11.1%)

6 (23.1%)

5 (29.4%)

0.574

Biologic
complications

2 (22.2%)

2 (7.7%)

2 (11.8%)

0.501

None

6 (66.7%)

18 (69.2%)

10 (58.8%)

0.779

Mobility

0

0

1 (5.9%)

0.350

Tooth fracture

0

0

3 (17.6%)

0.038*

9 (100%)

26 (100%)

13 (76.5%)

0.009*

Prosthetic
complication

-

8 (30.8%)

7 (41.2%)

0.484

Biologic
complication

-

0

3 (17.6%)

0.026*

None

-

18 (69.2%)

7 (41.2%)

0.068

None
Complication of
adjacent implants

Data are N (%) values.
Significance was evaluated using the chi-square test.
* p < .05

Ⅳ. Discussion
When a dental implant replaces a lost canine, the lateral excursion is often guided by group function
rather than canine guidance.7 Therefore, this study investigated the prevalence of complications in
adjacent natural teeth and implants when the occlusal scheme changed from canine guidance to group
function due to implant placement at canine sites.
The overall prevalence of complications from canine implants was 34.6%, comprising 23.1% of
prosthetic complications and 11.5% of biological complications. The most common complications are
screw loosening and loss of retention. These prevalence rates are similar to the reported prevalence rates
for all implants.12 Considering the relationship between excessive overload and peri-implant bone
loss,15 changes in the occlusal scheme from canine guidance to group function effectively reduced the
excessive forces or lateral forces applied to canine implants in this study. The prevalence of
complications from canine implants did not differ significantly between the three groups (p > .05).
Physiological function and patient acceptance are similar between the different lateral occlusion
schemes,16,17 but teeth can be affected by the occlusion scheme. The effect of lateral occlusion scheme
on the degree of tooth wear is controversial.8,9 However, teeth can experience traumatic occlusion or
excessive occlusal forces due to changes in lateral occlusion schemes. Cervical abfraction is one of the
clinical signs of excessive occlusal forces.18 However, in this study, a chart review did not report any
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cases of cervical abfraction that require treatment; therefore, cervical abfraction was not considered a
diagnostic criterion.
The prevalence of tooth or implant complications adjacent to canine implants was 15.4% in this study.
However, it is difficult to conclude that these complications occurred because the implants were placed
in the canine and the canine guidance was avoided. Implant placement at any other site can result in
excessive occlusal force on adjacent teeth when the occlusion of implants is altered to prevent occlusal
overload of implants.4 Resen et al. showed implant-associated vertical root fractures in adjacent
endodontically treated teeth.19 They suggested that the increased occlusal load was distributed to
adjacent natural teeth to decrease occlusal loads in implants. Our study team previously reported that
10.2% of patients with molar implants showed traumatic occlusion of adjacent premolar teeth,20 in
which symptoms of traumatic occlusion, such as fremitus, PDL space widening, and tooth mobility,
were observed. They suggested that these results might be due to the lack of PDL and reduced
proprioception around the implants.
The present study found signs of traumatic occlusion, including tooth mobility, fracture, and implant
complications. Mobility of the adjacent tooth was observed in one subject. Occlusal trauma can result in
tooth mobility, but tooth mobility can also result in attachment loss.9 The patient who showed tooth
mobility in the present study had mild periodontitis; therefore, the effect of attachment loss was
negligible. Three subjects showed fractures of the teeth adjacent to or opposing the canine implants. A
tooth fracture was also observed in our previous study mentioned above.18 Comparing the present result
with the previous result suggests that teeth adjacent to canine implants seemed to experience more
excessive occlusal forces than teeth adjacent to molar implants. Tooth fractures occurred only in the SP
group. Posterior implants splinted with a canine implant were fabricated to avoid lateral forces exerted
on the implants. As a result, it was speculated that not only would the masticatory discomfort of patients
increase, but unexpected occlusion problems would also arise and excessive forces might be applied to
the anterior teeth during eccentric occlusion or even centric occlusion. As the adjacent teeth in the SP
group were anterior teeth with a single root, occlusal trauma could easily affect them. In the SC group,
most of the canines were congenitally missing, while the other dentition consisted of natural teeth.
Therefore, natural teeth in the posterior area were included in the group function and they might be
adapted to changes in the occlusion scheme. Furthermore, subjects in the SC group were significantly
younger than those in the other two groups, and none had severe periodontitis. Subjects in the SA group
also showed no complications in their adjacent teeth. All adjacent teeth were premolars in this group
because the incisors had been replaced by implants splinted with canine implants. These posterior teeth
might have adapted to changes in the occlusion scheme, as in the SC group.
The complications of adjacent implants include screw loosening, loss of retention, porcelain fracture,
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and peri-implant mucositis. The screw loosening and loss of retention occurred in adjacent implants
splinted with canine implants. The prevalence of complications from adjacent implants was also compared
between the groups. There were no adjacent implants in the SC group; therefore, the difference between
the SA and SP groups was evaluated. The prevalence of prosthetic complications did not differ
significantly between the SP and SA groups; however, biological complications occurred only in the SP
group. However, it is difficult to conclude that these results were obtained only with canine implants.
The prevalence of biological complications of implants can be lower in the anterior region than in the
posterior region due to the ease of accessibility to maintain oral hygiene in the anterior region.21
The main limitation of this study was that tooth wear was not evaluated because data were retrospectively
obtained from chart reviews and panoramic radiographs. Only complications that required additional
dental treatment were recorded. Another limitation is the small sample size. Only nine patients were in
the SC group because canine teeth were rarely extracted alone.

Ⅴ. Conclusion
The results of this study suggest that a change in the occlusion scheme from canine guidance to group
function due to canine implants can affect adjacent teeth and implants. Canine implants splinted with
posterior implants could be more harmful to adjacent teeth than single canine implants or canine
implants splinted with anterior implants. However, the prevalence of complications in canine implants
and adjacent implants was similar to that in other implants.
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