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SUMMARY Recent studies have suggested that the

insertion of dental implants in patients being

diagnosed with bruxism negatively affected the

implant failure rates. The aim of the present study

was to investigate the association between the

bruxism and the risk of dental implant failure. This

retrospective study is based on 2670 patients who

received 10 096 implants at one specialist clinic.

Implant- and patient-related data were collected.

Descriptive statistics were used to describe the

patients and implants. Multilevel mixed effects

parametric survival analysis was used to test the

association between bruxism and risk of implant

failure adjusting for several potential confounders.

Criteria from a recent international consensus

(Lobbezoo et al., J Oral Rehabil, 40, 2013, 2) and from

the International Classification of Sleep Disorders

(International classification of sleep disorders,

revised: diagnostic and coding manual, American

Academy of Sleep Medicine, Chicago, 2014) were

used to define and diagnose the condition. The

number of implants with information available for

all variables totalled 3549, placed in 994 patients,

with 179 implants reported as failures. The implant

failure rates were 13�0% (24/185) for bruxers and

4�6% (155/3364) for non-bruxers (P < 0�001). The

statistical model showed that bruxism was a

statistically significantly risk factor to implant

failure (HR 3�396; 95% CI 1�314, 8�777; P = 0�012), as
well as implant length, implant diameter, implant

surface, bone quantity D in relation to quantity A,

bone quality 4 in relation to quality 1 (Lekholm

and Zarb classification), smoking and the intake of

proton pump inhibitors. It is suggested that the

bruxism may be associated with an increased risk

of dental implant failure.
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Introduction

The relationship between bruxism and dental implants

outcome has been recently receiving great attention in

the literature. The results of a recent meta-analysis on

the subject (1) found that the insertion of dental

implants in patients being diagnosed with bruxism

negatively affected the implant failure rates. However,

the authors stressed that the effect size observed was

not reliable due to a limited number of published stud-

ies, all characterised by a low level of specificity, and

most of them dealing with a limited number of cases.

Another review (2) has concluded that it is unlikely

that bruxism would be considered a risk factor for bio-

logical complications around dental implant, while

there are some suggestions that it may be a risk for

mechanical complications. A considering number of

clinical trials reported a significant relationship

between bruxism and implant failure (3–6). The most

recent of them (6) compared 98 bruxers with a

matched group and suggested that bruxism may signif-

icantly increase both the implant failure rate and the

rate of mechanical and technical complications of

implant-supported restorations.
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As the recognition of conditions that place the

patient at a higher risk of failure will allow the sur-

geon to make informed decisions and refine the treat-

ment plan to optimise the clinical outcome (7), the

aim of this retrospective study was to investigate the

association between sleep and/or awake bruxism and

the risk of dental implant failure, and to describe and

compare the group of bruxers with non-bruxers.

Materials and methods

Materials

See supporting information.

Inclusion/exclusion criteria

See supporting information.

Definitions

An implant was considered a failure if presenting

signs and symptoms that led to implant removal.

Thus, a failed implant in our study is equal to a lost

implant. To diagnose patients as bruxers, the authors

followed the definition of bruxism proposed by

Lobbezoo et al. (8): ‘Bruxism is a repetitive jaw-mus-

cle activity characterised by clenching or grinding of

the teeth and/or by bracing or thrusting of the mand-

ible. Bruxism has two distinct circadian manifesta-

tions: it can occur during sleep (indicated as sleep

bruxism) or during wakefulness (indicated as awake

bruxism)’. As reliable and valid diagnostic tools for

bruxism are scarce (8), a diagnostic grading system of

‘possible’, ‘probable’ and ‘definite’ sleep or awake

bruxism was used, as suggested for clinical and

research purposes (9). According to an international

consensus (8), ‘possible’ sleep/awake bruxism should

be based on self-report, by means of questionnaires

and/or the anamnestic part of a clinical examination.

‘Probable’ sleep/awake bruxism should be based on

self-report plus the inspection part of a clinical exami-

nation. ‘Definite’ sleep bruxism should be based on

self-report, a clinical examination, and a polysomno-

graphic recording, preferably along with audio/video

recordings. As electromyography and/or polysomnog-

raphy were not used due to high cost and limited

availability, the patients of this study would only fall

into the categories ‘possible’ or ‘probable’. Thus, a

patient was considered as presenting bruxism based

on self-report of clenching/grinding during sleep/

wakefulness, plus the inspection part of a clinical

examination.

The patients’ records were scrutinised looking for

clinical notes and photographs that would suggest the

possible/probable diagnosis of bruxism. All patients

who were diagnosed in the records as bruxers were

considered for a clinical re-evaluation. The patients

were contacted through a telephone call and were

asked to attend a follow-up appointment. The patients

signed an informed and written consent form approv-

ing the participation in the study and were clinically

reassessed. The self-conscience of the condition was

evaluated with some questions (see supporting infor-

mation), according to suggestions of a previous study

(10). The clinical condition was re-evaluated to assess

possible bruxism-related signs and symptoms. The

signs and symptoms of bruxism were listed according

to the International Classification of Sleep Disorders

(11): (i) presence of regular or frequent tooth grind-

ing sounds occurring during sleep, (ii) abnormal tooth

wear consistent with above reports of tooth grinding

during sleep, (iii) transient morning jaw-muscle pain

or fatigue, and/or temporal headache and/or jaw lock-

ing on awakening consistent with above reports of

tooth grinding during sleep. Moreover, clenching or

grinding of the teeth and/or by bracing or thrusting of

the mandible during wakefulness was also considered,

according to a recent international consensus (8). The

clinical examination was carried out by the same

trained operator.

Data collection

See supporting information.

Statistical analyses

The mean, standard deviation (s.d.) and percentages

were presented as descriptive statistics. Differences

between implants in bruxers and non-bruxers were

compared with the Student’s t-test or Mann–Whitney

U-test for continuous variables, depending on the

normality, and the Pearson’s chi-squared or Fisher’s

exact tests for categorical variables, depending on the

expected count of events in a 2 9 2 contingency

table. Comparison between bruxers and non-bruxers

in terms of demographic systemic conditions and
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other factors was made; odds ratios (OR) and their

95% confidence intervals (CI) were computed.

Multilevel mixed effects parametric survival analysis

(12) was used, a patient-based multilevel analysis, to

assess the association between bruxism and dental

implant failure, accounting for the fact that repeated

observations (several implants) were available for a

single patient (cluster effect). Bruxism was set as the

exposure variable. Because there was little prior

knowledge about the appropriate shape of survival

probability, we extended parametric frailty models

including five different parametric models (Weibull,

Exponential, Log logistic, Log Normal and Gamma) to

allow any number of normally distributed random

effects. Akaike information criteria (AIC) were used to

choose the best fit survival model (13). Bruxism was

the exposure variable, and all analyses were adjusted

for the following potential confounders: age, gender,

implant length, implant diameter, implant surface,

implant location, bone augmentation, bone quantity,

bone quality, the intake of prophylactic antibiotics,

smoking habits, use of snuff, diabetes, asthma, and

the intake of antidepressants, antihypertensive drugs,

immunosuppressives, antithrombotic agents (an-

tiplatelet, anticoagulant, thrombolytic drugs), antihy-

percholesterolaemia agents, medicaments to

compensate hypothyroidism and PPIs.

To verify multicollinearity, a correlation matrix of

all of the predictor variables with a significant odds

ratio (P-value cut-off point of 0�1) was scanned, to

see whether there were some high correlations among

the predictors. Collinearity statistics obtaining vari-

ance inflation factor (VIF) and tolerance statistic were

also performed to detect more subtle forms of multi-

collinearity. The results of the final model were pre-

sented as an estimated hazard ratio (HR) of each

significant prognostic variable.

Kaplan–Meier survival curves were plotted to

describe the cumulative proportion of dental implant

failure stratified by the patients’ habits of bruxism

(presence/absence), and a comparison among groups

was analysed by the log-rank test.

The degree of statistical significance was considered

P < 0�05. All data were statistically analysed using the

software Stata version 14* and SPSS 23 software† .

Results

The number of implants with information available for all

variables totalled 3549, placed in 994 patients, with 179

implants reported as failures. There were 1777 implants in

478 men (mean age � s.d. 60�4 � 15�9, min–max 15�9–
90�2) and 1772 implants in 516 women (mean age � s.d.

59�6 � 15�1, min–max 14�9–90�8). A total of 185

implants were placed in 56 bruxers, whereas 3364 were

placed in 938 non-bruxers. The number of implants per

patient ranged from 1 to 15 (mean � s.d. 3�57 � 2�67).
The mean � s.d. follow-up time was 2843 � 2364 days

(2654 � 2325 days for bruxers, 2853 � 2366 days for

non-bruxers; P = 0�426; Mann–Whitney U-test). The

implant failure rates were 13�0% (24/185) for bruxers

and 4�6% (155/3364) for non-bruxers (P < 0�001;
Pearson’s chi-squared test). The 179 failed implants

were lost at a mean � s.d. of 1121 � 1611 days (min–

max, 24–9491). Forty-six (25�7%) of 179 failed

implants were lost up to the abutment connection pro-

cedure or second-stage surgery (one in bruxers, 45 in

non-bruxers). Eighty-six (48�0%) of 179 failed

implants were lost until 1 year after surgery. All

implants were inserted with open flapped surgery.

Twenty implants were immediately loaded (two in

bruxers, 18 in non-bruxers). Eleven implants were

placed in fresh extraction sockets (two in bruxers, nine

in non-bruxers). A number of 113 implants were non-

submerged (six in bruxers, 107 in non-bruxers). The

abutment connection surgery was performed after a

mean � s.d. healing time of 145 � 51 and

155 � 62 days for the bruxers and non-bruxers,

respectively (P = 0�012; Mann–Whitney U-test).

The comparison between bruxers and non-bruxers

in terms of systemic conditions and other factors

(Table 1) showed that there were statistically more

men than women bruxers. Moreover, shorter and

wider implants were more common in bruxers than

in non-bruxers, as well as enlarged-surface implants.

Bruxers received more implants in the posterior areas

of jaws in comparison with non-bruxers. Bone aug-

mentation surgeries were performed more often in

bruxers. There were more former smokers, diabetic

type 1, people taking antihypercholesterolaemia

drugs, antidepressants, PPIs and medicaments to

compensate hypothyroidism among bruxers than

non-bruxers. There were no statistically significant differ-

ences for the other variables (Table 1). Among bruxers,

there were no individuals taking bisphosphonates, with

*StataCorp LP, College Station, TX, USA.
†SPSS Inc., Chicago, IL, USA.
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Table 1. Description of the cohort by implants (n = 3549) between bruxers and non-bruxers

Variables Bruxersn (%) Non-bruxersn (%) Odds ratio (95% CI) P value*

Age (years)

≤30 9 (4�9) 244 (7�3) 1

30 < x ≤ 60 77 (41�6) 1173 (34�9) 1�780 (0�880, 3�598) 0�109
>60 99 (53�5) 1947 (57�9) 1�379 (0�688, 2�763) 0�365

Gender

Male 107 (57�8) 1670 (49�6) 1

Female 78 (42�2) 1694 (50�4) 0�719 (0�533, 0�970) 0�031
Implant length (mm)

6�0–10�0 44 (23�8) 671 (19�9) 1

10�5–14�0 105 (56�8) 1637 (48�7) 0�978 (0�680, 1�407) 0�905
15�0–20�0 36 (19�5) 1056 (31�4) 0�520 (0�331, 0�816) 0�004

Implant diameter (mm)

3�00–3�50 14 (7�6) 291 (8�7) 1

3�70–4�10 160 (86�5) 2008 (89�4) 1�656 (0�946, 2�899) 0�077
4�20–5�00 11 (5�9) 65 (1�9) 3�518 (1�527, 8�101) 0�003

Implant surface

Turned 39 (21�1) 1563 (46�5) 1

Enlarged 146 (78�9) 1801 (53�5) 3�249 (2�267, 4�655) <0�001
Implant location

Anterior maxilla 50 (27�0) 1163 (34�6) 1

Posterior maxilla 56 (30�3) 642 (19�1) 2�029 (1�369, 3�007) <0�001
Anterior mandible 21 (11�4) 926 (27�5) 0�527 (0�315, 0�885) 0�015
Posterior mandible 58 (31�4) 633 (18�8) 2�131 (1�442, 3�149) <0�001

Bone augmentation

No 170 (91�9) 3247 (96�5) 1

Yes 15 (8�1) 117 (3�5) 2�449 (1�400, 4�283) 0�002
Prophylactic antibiotics

No 23 (12�4) 323 (9�6) 1

Yes 162 (87�6) 3041 (90�4) 0�748 (0�476, 1�175) 0�208
Bone quantity†

A 16 (8�6) 351 (10�4) 1

B 121 (65�4) 2057 (61�1) 1�290 (0�757, 2�200) 0�349
C 41 (22�2) 769 (22�9) 1�170 (0�647, 2�113) 0�604
D 7 (3�8) 161 (4�8) 0�954 (0�385, 2�364) 0�919
E 0 (0) 26 (0�8) – –

Bone quality†

1 7 (3�8) 106 (3�2) 1

2 93 (50�3) 1616 (48�0) 0�871 (0�394, 1�926) 0�734
3 82 (44�3) 1512 (44�9) 0�821 (0�370, 1�821) 0�628
4 3 (1�6) 130 (3�9) 0�349 (0�088, 1�384) 0�134

Smoking

No 122 (65�9) 2252 (66�9) 1

Yes 46 (24�9) 1034 (30�7) 0�821 (0�580, 1�162) 0�266
Former smoker 17 (9�2) 78 (2�3) 4�023 (2�309, 7�010) <0�001

Snuff

No 170 (94�9) 3193 (94�9) 1

Yes 15 (8�1) 171 (5�1) 1�648 (0�951, 2�855) 0�075
Diabetes

No 167 (90�3) 3123 (92�8) 1

Type 1 9 (4�9) 51 (1�5) 3�300 (1�597, 6�817) 0�001
Type 2 9 (4�9) 190 (5�6) 0�886 (0�446, 1�760) 0�729

(continued)
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psoriasis, or having had irradiated in the head and neck

region. For this reason, these three variables were not

included in the multilevel analysis.

The multilevel mixed effects parametric survival

analysis adjusted for the aforementioned confounders

using Weibull model (Table 2) based on AIC selection

showed that the bruxism statistically significantly

affected the implant survival rate, as well as implant

length, implant diameter, implant surface, bone quan-

tity D in relation to quantity A, bone quality 4 in

Table 1. Continued

Variables Bruxersn (%) Non-bruxersn (%) Odds ratio (95% CI) P value*

Antihypertensive drugs

No 134 (72�4) 2265 (67�3) 1

Yes 51 (27�6) 1099 (32�7) 0�784 (0�564, 1�092) 0�150
High cholesterol

No 146 (78�9) 2849 (84�7) 1

Yes 39 (21�1) 515 (15�3) 1�478 (1�025, 2�130) 0�036
Hypothyroidism

No 165 (89�2) 3145 (93�5) 1

Yes 20 (10�8) 219 (6�5) 1�741 (1�073, 2�824) 0�025
Asthma

No 173 (93�5) 3118 (92�7) 1

Yes 12 (6�5) 246 (7�3) 0�879 (0�483, 1�601) 0�674
Antidepressants

No 136 (73�5) 3071 (91�3) 1

Yes 49 (26�5) 293 (8�7) 3�776 (2�667, 5�347) <0�001
Proton pump inhibitors

No 154 (83�2) 3146 (93�5) 1

Yes 31 (16�8) 218 (6�5) 2�905 (1�929, 4�375) <0�001
Antithrombotic drugs

No 153 (82�7) 2739 (81�4) 1

Yes 32 (17�3) 625 (18�6) 0�917 (0�620, 1�355) 0�662
Immunosuppressives

No 180 (97�3) 3317 (98�6) 1

Yes 5 (2�7) 47 (1�4) 1�960 (0�770, 4�989) 0�158
Bisphosphonates

No 185 (100) 3314 (98�5) 1

Yes 0 (0) 50 (1�5) – –

Irradiation head–neck

No 185 (100) 3310 (98�4) 1

Yes 0 (0) 54 (1�6) – –

Psoriasis

No 185 (100) 3322 (98�8) 1

Yes 0 (0) 42 (1�2) – –

Follow-up time

≤1 year 9 (4�9) 333 (9�9) 1

1 year < x ≤ 5 years 84 (45�4) 1169 (34�8) 2�659 (1�323, 5�344) 0�006
5 years < x ≤ 10 years 47 (25�4) 800 (23�8) 2�174 (1�053, 4�486) 0�036
>10 years 45 (24�3) 1062 (31�6) 1�568 (0�758, 3�241) 0�225

CI, confidence interval.

*Mantel–Haenszel test.
†According to the Lekholm and Zarb (1985) classification of bone quantity/quality. According to this classification, bone quality is bro-

ken down into four groups according to the proportion and structure of compact and trabecular bone tissue: type 1 = large homoge-

nous cortical/compact bone; type 2 = thick layer of compact bone surrounding a dense trabecular bone; type 3 = thin cortical layer

surrounding a dense trabecular bone; and type 4 = thin cortical layer surrounding a core of low-density trabecular bone. The quantity

of jawbone is broken down into five groups (A, B, C, D and E), based on the residual jaw shape following tooth extraction. Bone clas-

sified as ‘A’ presents the largest amount of bone among all classes, whereas bone classified as ‘E’ presents the lowest volume of bone.
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Table 2. Multilevel survival analysis for dental implant failure in terms of different factors (total number of implants = 3549). Hazard

ratios (HR) were performed using multilevel mixed effects parametric survival analysis

Factor

Number of failed

implants (%)

Number of survived

implants (%) Failure (%) P value HR (95% CI)

Bruxism

No 155 (86�6) 3209 (95�2) 4�6 1

Yes 24 (13�4) 161 (4�8) 13�0 0�012 3�396 (1�314, 8�777)
Age (years)

≤30 10 (5�6) 243 (7�2) 4�0 1

30 < x ≤ 60 102 (57�0) 1148 (34�1) 8�2 0�878 0�925 (0�342, 2�498)
>60 67 (37�4) 1979 (58�7) 3�3 0�052 0�351 (0�122, 1�008)

Gender

Male 79 (44�1) 1698 (50�4) 4�4 1

Female 100 (55�9) 1672 (49�6) 5�6 0�677 0�884 (0�245, 0�807)
Implant length (mm)

6�0–10�0 75 (41�9) 640 (19�0) 10�5 1

10�5–14�0 68 (38�0) 1674 (49�7) 3�9 0�008 0�531 (0�331, 0�850)
15�0–20�0 36 (20�1) 1056 (31�3) 3�3 0�008 0�445 (0�245, 0�807)

Implant diameter (mm)

3�00–3�50 19 (10�6) 286 (8�5) 6�2 1

3�70–4�10 157 (87�7) 3011 (89�3) 5�0 0�036 0�470 (0�232, 0�952)
4�20–5�00 3 (1�7) 73 (2�2) 3�9 0�668 0�705 (0�142, 3�486)

Implant surface

Turned 122 (68�2) 1480 (43�9) 7�6 1

Enlarged 57 (31�8) 1890 (56�1) 2�9 0�007 0�428 (0�233, 0�789)
Implant location

Anterior maxilla 73 (40�8) 1140 (33�8) 6�0 1

Posterior maxilla 41 (22�9) 657 (19�5) 5�9 0�160 0�706 (0�435, 1�147)
Anterior mandible 25 (14�0) 922 (27�4) 2�6 0�107 0�583 (0�303, 1�124)
Posterior mandible 40 (22�3) 651 (19�3) 5�8 0�975 0�990 (0�545, 1�801)

Bone augmentation

No 164 (91�6) 3253 (96�5) 4�8 1

Yes 15 (8�4) 117 (3�5) 11�4 0�791 1�131 (0�455, 2�812)
Prophylactic antibiotics

No 25 (14�0) 321 (9�5) 7�2 1

Yes 154 (86�0) 3049 (90�5) 4�8 0�084 0�547 (0�276, 1�085)
Bone quantity*

A 8 (4�5) 359 (10�7) 2�2 1

B 91 (50�8) 2087 (61�9) 4�2 0�336 1�612 (0�609, 4�265)
C 44 (24�6) 766 (22�7) 5�4 0�398 1�605 (0�536, 4�805)
D 29 (16�2) 139 (4�1) 17�3 0�004 6�366 (1�823, 22�225)
E 7 (3�9) 19 (0�6) 26�9 0�069 8�276 (0�846, 80�951)

Bone quality*

1 5 (2�8) 108 (3�2) 4�4 1

2 61 (34�1) 1648 (48�9) 3�6 0�372 2�074 (0�418, 10�289)
3 81 (45�3) 1513 (44�9) 5�1 0�391 2�041 (0�400, 10�423)
4 32 (17�9) 101 (3�0) 24�1 0�012 9�672 (1�651, 56�644)

Smoking

No 85 (47�5) 2289 (67�9) 3�6 1

Yes 83 (46�4) 997 (29�6) 7�7 0�001 2�605 (1�469, 4�619)
Former smoker 11 (6�1) 84 (2�5) 11�6 0�298 2�192 (0�499, 9�627)

Snuff

No 167 (93�3) 3196 (94�8) 5�0 1

Yes 12 (6�7) 174 (5�2) 6�5 0�760 0�817 (0�223, 2�989)

(continued)
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relation to quality 1 [Lekholm and Zarb classification

(14)], smoking and the intake of PPIs. Age, gender,

implant location, bone augmentation, prophylactic

antibiotic regimen, former smokers, users of snuff,

diabetes, and the intake of antihypertensive, antide-

pressants, antithrombotic, antihypercholesterolaemia,

medicaments to compensate hypothyroidism and for

asthma, and immunosuppressive drugs did not statisti-

cally significantly affect the implant survival rate

(Table 2). Table 3 shows a comparison of the distribu-

tion of implant failures between bruxers and non-

bruxers, among the factors identified as having a sta-

tistically significant HR in the multilevel model.

Figure 1 shows a comparison of the Kaplan–Meier

curves between bruxers and non-bruxers, with a sta-

tistically significant difference of the cumulative

implant survival between the groups (P < 0�001), as

well as for the different categories of implant length

(P < 0�001), between turned and enlarged-surface

implants (P < 0�001), bone sites of different quantities

(P < 0�001), bone sites of different qualities

(P < 0�001), between implants placed in smokers,

non-smokers and former smokers (P < 0�001), and

between implants placed in PPIs users and non-users

(P < 0�001), but not for the different categories of

implant diameter (P = 0�589).

Discussion

The results of the present study suggested that brux-

ism may be associated with an increased risk of dental

implant failure. Moreover, the statistical model also

Table 2. Continued

Factor

Number of failed

implants (%)

Number of survived

implants (%) Failure (%) P value HR (95% CI)

Diabetes

No 165 (92�2) 3125 (92�7) 5�0 1

Type 1 5 (2�8) 55 (1�6) 8�3 0�546 1�795 (0�269, 11�991)
Type 2 9 (5�0) 190 (5�6) 4�5 0�800 1�172 (0�343, 4�011)

Antihypertensive drugs

No 128 (71�5) 2271 (67�4) 5�3 1

Yes 51 (28�5) 1099 (32�6) 4�4 0�923 0�965 (0�467, 1�994)
High cholesterol

No 149 (83�2) 2846 (84�5) 5�0 1

Yes 30 (16�8) 524 (15�5) 5�4 0�709 0�832 (0�316, 2�190)
Hypothyroidism

No 165 (92�2) 3145 (93�3) 5�0 1

Yes 14 (7�8) 225 (6�7) 5�9 0�842 0�893 (0�293, 2�720)
Asthma

No 166 (92�7) 3125 (92�7) 5�0 1

Yes 13 (7�3) 245 (7�3) 5�0 0�952 1�031 (0�374, 2�843)
Antidepressants

No 147 (82�1) 3060 (90�8) 4�6 1

Yes 32 (17�9) 310 (9�2) 9�4 0�685 0�830 (0�338, 2�039)
Proton pump inhibitors

No 149 (83�2) 3151 (93�5) 4�5 1

Yes 30 (16�8) 219 (6�5) 12�0 0�034 2�641 (1�076, 6�486)
Antithrombotic drugs

No 141 (78�8) 2751 (81�6) 4�9 1

Yes 38 (21�2) 619 (18�4) 5�8 0�759 1�145 (0�481, 2�724)
Immunosuppressives

No 172 (96�1) 3325 (98�7) 4�9 1

Yes 7 (3�9) 45 (1�3) 13�5 0�569 1�792 (0�241, 13�345)

CI, confidence interval.

*According to the Lekholm and Zarb (1985) classification of bone quantity/quality. Explanation of this classification is found on the

footnote of Table 1.
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identified the following factors with a statistically sig-

nificant increased risk of dental implant failure:

shorter implants in relation to longer implants, nar-

row implants in relation to wider ones, turned

implants in relation to enlarged-surface implants,

bone quantity D in relation to quantity A, bone qual-

ity 4 in relation to quality 1 [Lekholm and Zarb classi-

fication (14)], smokers in relation to non-smokers

and patient taking PPIs in relation to patients not tak-

ing this class of medicaments.

These results are believed to be partly related to the

decreased proprioception of implants in comparison

with teeth. The periodontal ligament of natural teeth

provides the central nerve system with feedback for

sensory perception and motor control (15), whereas

the proprioception around dental implants is limited

because of the absence of a periodontal ligament,

causing lower tactile sensitivity (16). Consequently,

the proprioceptive feedback mechanisms to the jaw-

closing muscles are limited as well. This lower tactile

sensitivity around implants may increase the risk of

higher loads being applied to implant-supported

restorations during bruxism due to the limited propri-

oceptive feedback (17), making them more prone to

occlusal overload and possible subsequent failure

(15), as well as more subject to mechanical complica-

tions (6). Considering these possible harmful effects,

professionals should proceed carefully when planning

implant procedures in bruxers (17). According to

Lobbezoo et al. (17), there are a few practical guideli-

nes as to minimise the chance of implant failure in

bruxers. These include the recommendation to reduce

or eliminate bruxism itself, which is a difficult task

requiring difficult treatments with unpredictable

results, the use of longer implants with a larger diam-

eter, the placement of more implants that would have

been necessary in the absence of bruxism, the

Table 3. Comparison of the distribution of implant failures

(n = 179) between bruxers and non-bruxers, among the factors

identified as having a statistically significant hazard ratio (HR) in

the multilevel model

Bruxers

Failure/Total (%)

Non-bruxers

Failure/Total (%) P value

Implant length (mm)

6�0–10�0 13/44 (29�5) 62/671 (9�2) <0�001†
10�5–14�0 9/105 (8�6) 59/1637 (3�6) 0�018†
15�0–20�0 2/36 (5�6) 34/1056 (3�2) 0�335†

Implant diameter (mm)

3�00–3�50 4/14 (28�6) 15/291 (5�2) 0�007†
3�70–4�10 19/160 (11�9) 138/3008 (4�6) <0�001‡
4�20–5�00 1/11 (9�1) 2/65 (3�1) 0�379†

Implant surface

Turned 15/39 (38�5) 107/1563 (6�8) <0�001†
Enlarged 9/146 (6�2) 48/1801 (2�7) 0�034†

Bone quantity*

A 0/16 (0) 8/351 (2�3) –

B 13/121 (10�7) 78/2057 (3�8) <0�001‡
C 9/41 (22�0) 35/769 (4�6) <0�001†
D 2/7 (28�6) 27/161 (16�8) 0�347†
E 0/0 (–) 7/27 (25�9) –

Bone quality*

1 0/7 (0) 5/106 (4�7) –

2 10/93 (10�8) 51/1616 (3�2) 0�001†
3 14/82 (17�1) 67/1512 (4�4) <0�001†
4 0/3 (0) 32/130 (24�6) –

Smoking

No 14/122 (11�5) 71/2252 (3�2) <0�001†
Yes 8/46 (17�4) 75/1034 (7�3) 0�020†
Former

smoker

2/17 (11�8) 9/78 (11�5) 1�000†

Proton pump inhibitors

No 15/154 (9�7) 134/3146 (4�3) 0�004‡
Yes 9/31 (29�0) 21/218 (9�6) 0�005†

*According to the Lekholm and Zarb (1985) classification of

bone quantity/quality. Explanation of this classification is found

on the footnote of Table 1.
†Fisher’s exact test.
‡Pearson’s chi-squared test.

Fig. 1. Kaplan–Meier curves comparing the cumulative survival

between implants placed in bruxers and non-bruxers.
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adoption of a modified design of the occlusion and

articulation patterns and the protection of the final

oral rehabilitation with a hard occlusal stabilisation

splint for nightly use.

With regard to implant length, although some good

results can be obtained with the use of shorter

implants, they seem to fail more often than longer

ones (18). Besides their own study, Winkler et al.

(19) identified several other studies observing a

higher failure rate of shorter implants as compared

with longer implants of the same type and manufac-

turer and listed increased initial stability, long-term

resistance to bending moment forces, expedited heal-

ing and a decreased risk of movement at the interface

as advantages of increased implant length. It is sug-

gestive that implant diameter is a significant factor in

implant survival. Several studies have shown that

implants with wider diameter seemed to achieve bet-

ter results than standard ones of corresponding

lengths (7), which might be related to a greater sur-

face area in contact with the surrounding bone. For

example, the use of a 5�0-mm-diameter implant that

is 6 mm long increases the surface area available to

contact the bone similar to that of a 3�75-mm-dia-

meter implant that is 10 mm in length (19). Implants

classified as having enlarged surface had a statistically

significant lower probability to fail in comparison

with turned implants. There is supportive evidence

for a positive relationship between an improved bone

healing around implants and its surface roughness

(20), which enhances the process of osseointegration.

There is absorption of proteins to the surface of a bio-

material after it is inserted into living body, and only

then, cells begin to adhere. These proteins affect the

attachment, adhesion and spreading of osteoblasts,

and the implant’s surface charge influences the osteo-

blasts’ reactions to the implant, by affecting the type

and amount of proteins attached on its surface (21).

The enlarged surfaces provide better possibilities for

microbiomechanical retention due to larger surface

and thus more retention for proteins to attach and

new bone formation.

The present study observed a higher risk to implant

failure in bone quantity D in relation to quantity A,

and in bone quality 4 in relation to quality 1. It was

suggested that one of the most important factors

responsible for implant failures is the local anatomic

structure regarding bone quality and quantity, or

rather the lack thereof (22). Jaws with poor bone

quality may be at risk for establishing initial instability

of the implants and a lack of resistance to mechanical

stresses, thus also resulting in early implant failures

(23). It has been recognised that the combination of

poor bone quality and shorter implant length provides

less mechanical stability at the time of implant place-

ment and during the osseointegration period. This

emphasises the rather deleterious combination of a

small bone volume and a soft bone texture, when

using short implants (7).

Smoking was also shown as a factor affecting nega-

tively the failure rates. It was suggested that failures

of implants inserted in smokers are 2�23 times likely

to happen than failures of implants inserted in non-

smokers (24). The increase in implant failure rates

due to smoking is hypothesised to be related mainly

to the effect of smoking in osteogenesis and angiogen-

esis, factors that are tightly coupled during bone for-

mation and play an important role in bone healing

and regeneration (25). The results of a study (25) sug-

gest that hypoxia and ischaemia owing to nicotine

exposure could stimulate HIF-1a (hypoxia-inducible fac-

tor 1a, a central regulator of hypoxia adaptation, plays

a key role in development, physiology and disease

and activates downstream hypoxia-responsive genes)

expression, leading to an increased expression of

VEGF (vascular endothelial growth factor, a potent angio-

genic mediator inducing proliferation and migration

of endothelial cells). This, in turn, stimulates angio-

genesis. However, the enhanced vessel formation is

incapable of compensating for the adverse effect of

the reduced blood flow possibly caused by nicotine-

induced vasoconstriction. Besides carrying oxygen

and nutrients to bone tissue, blood flow play an active

role in bone formation and remodelling by mediating

the interactions among osteoblasts, osteocytes, osteo-

clasts and vascular cells at a variety of levels (26).

Moreover, smokers’ health behaviour and attitudes

appear to be less favourable to oral health than those

of non-smokers (27).

The higher probability of losing an implant in

patients taking medicaments to reduce the acid gastric

production is suggested to be related to observations

indicating that a reduction in gastric acidity may

impair effective calcium uptake through the intestines

(28). Thus, there can be a decreased calcium absorp-

tion under PPI therapy. As the calcium balance is

essential for the maintenance of bone health, among

a multitude of other physiological processes, it seems

© 2016 John Wiley & Sons Ltd
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reasonable to believe that the unbalance of calcium

may to some degree affect osseointegration.

The limitations of the present study include the fact

that this is a retrospective study, with gaps in infor-

mation and incomplete records. The lack of specific

information characterising the systemic conditions of

some patients and the medications dosage is a limita-

tion also connected to the retrospective nature of this

study. Moreover, the effect of different prosthetic

rehabilitations (e.g. single crowns, bridges, full-arch

restorations) was not analysed. The splinting of

implants in cases of bridges and full-arch restorations

presents a more favourable condition in relation to

bruxism, as splinting allows a more even distribution

of the occlusal forces, thereby reducing stresses at the

bone–implant interface (29).

Even though it is suggested that periodontally com-

promised patients might be associated with a higher

risk of dental implant failure than periodontally

healthy patients (30), it was not possible to adjust for

history of periodontal disease in our analysis because

this information was also not usually found in the

patients’ records, and still, the patients were assessed

by dozens of different clinicians/surgeons, who may

have used different classifications for periodontitis.

Thus, this information would not be reliable.

Conclusion

It is suggested that bruxism may be associated with

an increased risk of dental implant failure.
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