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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.

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.

Keywords: Canine, Canine guidance, Dental implant, Occlusion force, Retrospective study

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.
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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

Variable
SC

(N = 9)

SA 

(N = 26)

SP 

(N = 17)
p

Patient-related 

variables

Sex Female 26 (50.0) 4 11 11 0.333

Male 26 (50.0) 5 15 6

Age, mean 57.2 39.8 59.4 60.3 0.01*

Periodontitis 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

Implant-related 

variables

(N = 52)

Site Upper 35 (67.3) 7 15 16 0.070

Lower 17 (32.7) 2 11 7

Opposing

Dentition

Natural teeth 29 (55.8) 8 11 10 0.168

Crown 18 (34.6) 1 10 5

Implant 2 (3.8) 0 2 0

Denture 3 (5.8) 0 3 2

Retention Cement 18 (34.6) 5 8 5 0.347

Screw 34 (65.4) 4 18 12

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

SC 

(N = 9)

SA 

(N = 26)

SP 

(N = 17)
p

Complication of 

canine implants

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

Complication of 

adjacent teeth

Mobility 0 0 1 (5.9%) 0.350

Tooth fracture 0 0 3 (17.6%) 0.038*

None 9 (100%) 26 (100%) 13 (76.5%) 0.009*

Complication of 

adjacent implants

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

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.

Acknowledgments

This work was supported by the National Health Insurance Service Ilsan Hospital, 2019 (grant no. 

NHIMC2019CR029). The authors declare that they have no conflicts of interest related to this study.

References

1. Thornton LJ. Anterior guidance: Group function/canine guidance. A literature review. J Prosthet 

Dent 1990;64:479-82.

2. Dawson PE. Evaluation, diagnosis, and treatment of occlusal problems. 1st ed. St. Louis: CV 

Mosby;1974.

3. Rinchuse DJ, Kandasamy S, Sciote J. A contemporary and evidence-based view of canine 

protected occlusion. Am J Orthod Dentofacial Orthop 2007;132:90-102.



Journal of implantology and applied sciences Vol. 26, No. 2, 2022102

Original Article

4. Kim Y, Oh TJ, Misch CE, Wang HL. Occlusal considerations in implant therapy: clinical 

guidelines with biomechanical rationale. Clin Oral Implants Res 2005;16:26-35.

5. Carlsson GE. Dental occlusion: modern concepts and their application in implant prosthodontics. 

Odontology 2009;97:8-17.

6. Jacobs R, van Steenberghe D. Qualitative evaluation of the masseteric poststimulus EMG complex 

following mechanical or acoustic stimulation of osseointegrated oral implants. Int J Oral 

Maxillofac Implants 1995;10:175-82.

7. Sheridan RA, Decker AM, Plonka AB, Wang HL. The Role of occlusion in implant therapy: a 

comprehensive updated review. Implant Dent 2016;25:829-38.

8. Beyron HL. Occlusal changes in adult dentition. J Am Dent Assoc 1954;48:674-86.

9. Johansson A, Fareed K, Omar R. Lateral and protrusive contact schemes and occlusal wear: a 

correlational study in a young adult Saudi population. J Prosthet Dent 1994;71:159-64.

10. Fan J, Caton JG. Occlusal trauma and excessive occlusal forces: Narrative review, case definitions, 

and diagnostic considerations. J Periodontol 2018;89:S214-22.

11. Lo J, Abduo J, Palamara J. Effect of different lateral occlusion schemes on peri-implant strain: A 

laboratory study. J Adv Prosthodont 2017;9:45-51.

12. Hsu YT, Fu JH, Al-Hezaimi K, Wang HL. Biomechanical implant treatment complications: a 

systematic review of clinical studies of implants with at least 1 year of functional loading. Int J Oral 

Maxillofac Implants 2012;27:894-904.

13. Miyata T, Kobayashi Y, Araki H, Motomura Y, Shin K. The influence of controlled occlusal 

overload on peri-implant tissue: a histologic study in monkeys. Int J Oral Maxillofac Implants 

2002;17:384-90.

14. Richter EJ. In vivo horizontal bending moments on implants. Int J Oral Maxillofac Implants 

1998;13:232-44.

15. Bertolini MM, Del Bel Cury AA, Pizzoloto L, Acapa IRH, Shibli JA, Bordin D. Does traumatic 

occlusal forces lead to peri-implant bone loss? A systematic review. Braz Oral Res 2019;33:e069.

16. Miralles R. Canine-guide occlusion and group function occlusion are equally acceptable when 

restoring the dentition. J Evid Based Dent Pract 2016;16:41-3.

17. Abduo J, Tennant M. Impact of lateral occlusion schemes: A systematic review. J Prosthet Dent 

2015;114:193-204.

18. Lee WC, Eakle WS. Possible role of tensile stress in the etiology of cervical erosive lesions of 

teeth. J Prosthet Dent 1984;52:374-80.

19. Rosen E, Beitlitum I, Tamse A, Taschieri S, Tsesis I. Implant-associated vertical root fracture in 

adjacent endodontically treated teeth: a case series and systematic review. J Endod 2016;42: 

948-52.

20. Lee JH, Kweon HH, Choi SH, Kim YT. Association between dental implants in the posterior 

region and traumatic occlusion in the adjacent premolars: a long-term follow-up clinical and 

radiographic analysis. J Periodontal Implant Sci 2016;46:396-404.

21. Prasad KV, Sreenivasan PK, Patil S, Chhabra KG, Javali SB, DeVizio W. Removal of dental 

plaque from different regions of the mouth after a 1-minute episode of mechanical oral hygiene. 

Am J Dent 2011;24:60-4.


