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Risk factors for implant failure: 
a retrospective study in an educational 
institution using GEE analyses

Abstract: This study aimed to evaluate dental implant outcomes and 
to identify risk factors associated with implant failure over 12 years via 
dental records of patients attending an educational institution. Dental 
records of 202 patients receiving 774 dental implants from 2002 to 2014 
were analyzed by adopting a more reliable statistical method to evaluate 
risk factors with patients as the unit [generalized estimating equation 
(GEE)]. Information regarding patient age at implantation, sex, use of 
tobacco, and history of systemic diseases was collected. Information 
about implant location in the arch region and implant length, diameter, 
and placement in a grafted area was evaluated after 2 years under load. 
Systemic and local risk factors for early and late implant failure were 
studied. A total of 18 patients experienced 25 implant failures, resulting 
in an overall survival rate of 96.8% (2.84% and 0.38% early and late 
implant failures, respectively). The patient-based survival rate was 91.8%. 
GEE univariate and multivariate analyses revealed that a significant 
risk factor for implant failure was the maxillary implant (p = 0.006 
and p = 0.014, respectively). Bone grafting appeared to be a risk factor 
for implant failure (p = 0.054). According to GEE analyses, maxillary 
implants had significantly worse outcomes in this population and were 
considered to be a risk factor for implant failure. Our results suggested 
that implants placed in a bone augmentation area had a tendency to fail.
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Multivariate Analysis; Risk Factors

Introduction

Dental implants have been accepted as a viable treatment option for 
completely and partially edentulous patients.1,2,3 Further improvements toward 
the successful osseointegration of dental implants have involved modifications 
to both surface topography and surface chemistry.4 Implant design (i.e., types 
and dimensions), surgical procedure, implant placement time, and time prior 
to loading have been shown to influence implant survival rates.5,6,7,8

 Therefore, risk factors associated with implant failure have become 
a frequently discussed topic in recent dental research. Among patient 
factors, male gender, smoking, autoimmune disease, and penicillin allergy 
have been found to trend toward higher failure rates.9,10 In contrast, short 
implants in mandibular posterior sites have been found to have a survival 
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rate of 100%, while the same was not true for implants 
in the maxillary posterior position, wherein 6-mm 
implants had a survival rate of only 87%.9 

Most survival study designs are longitudinal and 
retrospective with many years of follow-up. Their 
statistical methods use implant failure as the unit of 
analysis, without considering multiple implant failures 
in the same patient. Outcomes related to implants in 
a single patient must be more closely correlated than 
those in separate patients; ignoring these correlations 
could result in a bias in p-value computations.11,12,13

Therefore, in this retrospective study, we aimed 
to evaluate dental implant outcomes and to identify 
risk factors associated with implant failure over 
12 years via dental records of patients attending an 
educational institution.

Methodology

This study was approved by the Ethics Committee 
of Veiga de Almeida University (UVA) (945.096). 

Study sample
This cross-sectional study was conducted using 

the dental records of patients who were treated at the 
Institute of Dentistry of the Pontifícia Universidade 
Católica of Rio de Janeiro between 2002 and 2014. 
The inclusion criteria included patients who had 
received at least 1 dental implant and whose implants 
were loaded with prostheses immediately or later. 
Postgraduate students under the supervision of an 
attending faculty performed all implant placements. 
Patients with incomplete dental records were excluded.

No patients were excluded on the basis of 
systemic disease if it did not contraindicate dental 
implant surgery. 

Study variables
The variables included demographic factors, 

clinical factors, and surgery-dependent factors. The 
full list of variables under analyses included the 
following: patient age at the time of implant placement 
categorized into < 65 years and ≥ 65 years14; gender; 
systemic disorders (diabetes, hypertension, syphilis, 
hepatitis, and HIV infection); smoking status (smokers 
or non-smokers); implant position (maxillary or 

mandibular); implant diameter (ranging from 3.3 
to 5.0 mm); implant length (short or long); and bone 
augmentation (with or without).

Outcome measurements
The outcome measurements of implants were 

as follows:
a. Implant failure

This included implant loss, mobility or removal 
in case of progressive marginal bone loss, severe 
peri-implant infection, or implant fracture. Implant 
failures were classified as a) early implant failure 
and b) late implant failure.
b. Early implant failure

Early implant failure was assessed before the 
acquisition of osseointegration, i.e., before the 
placement of provisional restorations. In cases of 
immediate loading, however, early implant failure 
was reported when it occurred before the first 
disconnection of the provisional restoration because it 
was considered that the operator would not disconnect 
the provisional restoration before osseointegration.11

c. Late implant failure
Late implant failure was assessed after the acquisition 

of osseointegration, i.e., after the placement of provisional 
restorations. In cases of immediate loading, late implant 
failure was reported when it occurred after the first 
disconnection of the provisional restoration.11

Data analyses
Descriptive statistics were performed; absolute 

and relative frequency distributions were calculated 
for qualitative variables, and means ± standard 
deviations were calculated for quantitative variables. 

The overall survival rates of implants were 
estimated by implant- and patient-based analyses. 
In the implant-based analysis, each inserted implant 
was considered as the analysis unit, whereas in the 
patient-based analysis, each patient was followed up 
until their first implant failed.15

Generalized estimating equation (GEE) analyses 
were performed with a forced entry method, and all 
predictors were entered initially. GEE analyses were 
chosen for the evaluation of risk factors for patients, 
avoiding the cluster effect present in the commonly 
used logistic regression models. GEE analyses use a 
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patient instead of an implant as the statistical unit, 
considering that the same patient may receive several 
implants and eventually present the same risk factors.11

Both descriptive and quantitative data were 
recorded in individual charts for later analysis. SPSS 
software (SPSS 22.0; SPSS Inc., Chicago, IL, USA) was 
used for statistical analyses. The level of statistical 
significance was set at p < 0.05.

Results

A total of 202 dental records of patients who 
received dental implants were analyzed over the 
12-year study period. A total of 774 implants were 
included. The study comprised patients with a mean 
age of 54.2 ± 10.5 years; 59.2% of the patients were 
women. Most patients (92.6%) were healthy, and only 
13 (1.6%) dental implants were placed in patients 
who reported tobacco use at the time of implant 
placement. The mean duration of the functional 
period was 8.44 ± 5.5 months.

Baseline information is shown in Table 1. The 
overall implant-based cumulative survival rate 
(CSR) was 96.8%. In the patient-based analysis, the 
CSR was 91.8%. A total of 25 implants failed during 
the observation period. None of these implants were 
placed in patients with systemic disorders (n = 58). 

Table 2 shows the results of the regression 
analysis of the study sample using GEE analyses. 
When the mandible alone was used as the risk 
factor, the odds ratio (OR) for implant failure further 
increased (p = 0.006, OR = 0.247, 95%CI 0.091–0.667). 
When adjusted for other variables included in the 
multivariate analysis, the mandible was not associated 
with implant failure and was considered to be a 
protection factor. These results remained significant 
when adjusted for other variables (p = 0.002, OR = 7.513, 
95%CI 2.100–26.884). There was no association 
between bone augmentation and implant failure in 
the univariate analysis (p = 0.067, OR = 2.738, 95%CI 
0.930–8.061). In the multivariate analysis, the results 
showed a trend toward this association when adjusted 
for other described variables (p = 0.054, OR = 0.300, 
95%CI 0.088–1.019) in Table 2. 

Risk factors for early implant failure were analyzed 
considering only those for which the same association 

was found between maxillary sites and implant loss 
in the univariate and multivariate analyses (p = 0.019 
and p = 0.015, respectively). The strong trend for bone 
augmentation and implant loss found in the present 
study was not observed for other variables using 
univariate and multivariate analyses (p = 0.077 and 
p = 0.141, respectively) (data not shown).

Considering implant diameters, no failures were 
observed in wide implants. The chi-square test was used 
to verify whether implant diameter was related to implant 
failure, and no association was observed (p > 0.05).

Table 1. Baseline information (n = 774).

Demographic variables Number of implants (%) 

Age

≥ 65 years 116 (14.9)

< 65 years 658 (84.4)

Gender

Male 316 (40.8)

Female 458 (59.2)

Systemic disorders

With 58 (7.5)

Without 716 (92.5)

Anatomic variables

Jaw

Maxilla 392 (50.6)

Mandible 382 (49.4)

Location

Anterior 197 (25.5)

Posterior 577 (74.5)

Implant-related variables

Length

6–8.5 mm (short) 53 (6.8)

9–18 mm (long) 721 (93.2)

Diameter

3.25–3.5 mm (narrow) 104 (13.4)

3.7–4.3 mm (regular) 640 (82.7)

4.5–5.5 mm (wide) 30 (3.9)

Ancillary procedures

Bone augmentation

With 178 (23.0)

Without 596 (77.0)

Note: A total of 774 dental implants were placed in 202 patients 
during the study period of 12 years. Data are presented as the 
number of implants (percentage).
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Considering early implant failure, 22 of the 
774 implants in 15 patients were removed before 
provisional or final restorations were placed. Late 

implant failure analysis revealed that 3 implants 
failed during the functional period, the details of 
which are present in Table 3.

Table 3. Implant failure analysis

Patient Gender Age (years)
Systemic 
disorders

Site
Implant 
diameter

Implant 
length

Bone 
augmentation

Implant 
failure time 
(months)

Failure type

1 MALE ≥65 NO 14 NARROW LONG WITHOUT 3 EARLY

2 FEMALE <65 NO 14 REGULAR LONG WITHOUT 2 EARLY

3 FEMALE <65 NO 25 REGULAR LONG WITH 1 EARLY

3 FEMALE <65 NO 44 REGULAR LONG WITH 5 EARLY

4 MALE <65 NO 36 REGULAR LONG WITHOUT 2 EARLY

5 FEMALE <65 NO 13 REGULAR LONG WITHOUT 3 EARLY

5 FEMALE <65 NO 24 REGULAR LONG WITHOUT 3 EARLY

6 FEMALE <65 NO 16 REGULAR LONG WITH 11 EARLY

6 FEMALE <65 NO 17 REGULAR LONG WITH 11 EARLY

7 FEMALE <65 NO 26 REGULAR LONG WITHOUT 3 EARLY

8 MALE <65 NO 36 REGULAR LONG WITH 5 EARLY

9 FEMALE <65 NO 25 NARROW LONG WITHOUT 2 EARLY

10 MALE <65 NO 11 REGULAR LONG WITHOUT 4 EARLY

11 MALE <65 NO 16 REGULAR LONG WITHOUT 1 EARLY

12 MALE <65 NO 15 NARROW LONG WITHOUT 10 EARLY

13 FEMALE <65 NO 16 NARROW LONG WITH 8 EARLY

13 FEMALE <65 NO 24 NARROW LONG WITH 8 EARLY

13 FEMALE <65 NO 25 NARROW LONG WITH 8 EARLY

13 FEMALE <65 NO 26 NARROW LONG WITH 8 EARLY

14 FEMALE ≥65 NO 23 REGULAR LONG WITH 3 EARLY

14 FEMALE ≥65 NO 45 REGULAR LONG WITHOUT 5 EARLY

15 MALE <65 NO 36 REGULAR SHORT WITHOUT 5 EARLY

16 FEMALE <65 NO 26 REGULAR SHORT WITH 10 LATE

17 MALE <65 NO 11 REGULAR LONG WITHOUT 4 LATE

18 FEMALE <65 NO 26 REGULAR SHORT WITHOUT 4 LATE

Table 2. Univariate and multivariate risk factor analyses for implant failure using GEE.

Variables
Univariate analysis Multivariate analysis

p-value  OR (95%CI) p-value OR (95%CI)

Age: < 65 years 0.731 0.767 (0.170–3.461) 0.805 1.198 (0.285–5.044)

Gender: Male 0.416 0.674 (0.260–1.744) 0.691 0.832 (0.335–2.065)

Jaw: Maxilla 0.006* 0.247 (0.091–0.667) 0.014* 0.259 (0.088–0.760)

Location: Anterior 0.254 0.549 (0.196–1.537) 0.096 0.429 (0.158–1.163)

Implant length: Long 0.822 0.840 (0.184–3.843) 0.308 0.402 (0.070–2.318)

Bone augmentation: Yes 0.067 2.738 (0.930–8.061) 0.054 0.300 (0.088–1.019)

Note: The analyses were adjusted for age (≥ 65 years as reference), gender (female as reference), jaw (mandible as reference), location (posterior 
as reference), length (short as reference), bone augmentation (without as reference), OR (95%CI) = odds ratio, 95% confidence intervals.
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Discussion 

In the present study, GEE analyses were used 
for the evaluation of dental implant outcomes and 
identification of risk factors associated with implant 
failure. Demographic, anatomic, and implant-related 
variables were collected, and ancillary procedures 
were performed in a large sample of patients attending 
an educational institution. The risk factors for implant 
failure were found to be maxillary sites and bone 
augmentation. Investigators using the most common 
statistical methods to evaluate risk factors in dental 
literature fail to assume that eventually, several 
implants are correlated as a result of being from the 
same patient. These results should not be treated 
as independent observations.16 For this reason, an 
alternative strategy to achieve reliable statistical 
results in risk factor assessment is to select GEE to 
perform the analysis and to avoid the cluster effect.

Analysis of our clinical data demonstrated high 
CSRs of 96.8% and 91.8% for implant- and patient-based 
analyses, respectively. Previously published reports on 
implant CSRs show rates above 90%.17,18 The success of 
dental implants has been attributed to several factors 
that have been well documented in the literature.19 
Using both univariate and multivariate analyses, 
French et al.9 have shown CSRs of more than 98% at 
the implant level and more than 95% at the patient 
level, corroborating our results. 

It is important to highlight that the association 
between systemic disorders and implant failures was 
analyzed, but the number of patients with these disorders 
was small, and no association was observed. Although 
the assessed dental records of patients were standardized 
and the students were trained to complete them as 
accurately as possible, data on previous and some present 
diseases depended on patient self-report. It is likely that 
several patients could not clearly remember details about 
their systemic health conditions, a limitation commonly 
observed in retrospective studies.15 In addition, the 
association between tobacco use and implant failure was 
not analyzed. In Brazil, the quitting rate is increasing, 
thus suggesting that tobacco control interventions 
implemented in previous years have effectively reached 
the smoking population.20 For this reason, the number 
of smokers included in the study was low, and tobacco 

smoking did not have an impact on the present analysis. 
However, several previous studies have demonstrated 
that smoking reduces the success rate of osseointegration 
and may be considered to be a risk factor for implant 
loss.11,21 Zupnik et al. could not find an association 
between implant failure and smoking, demonstrating 
a lower OR as well as a p-value of < 0.05.19

Similarly, many studies have reported maxillary 
implant placement as a risk factor.11,22,23 Analysis of 
our data supports the finding that maxillary sites are 
more prone to implant failure than mandibular sites 
(p = 0.014). According to Noda et al.,11, insufficient 
density of the maxillary bone may explain this finding. 
In addition, low bone density at implant locations has 
been previously described to be influential on implant 
failure.5,24 Using GEE analyses, Chrcanovic et al.25 have 
likewise found most implant failures in type IV bone. 

Significantly more early implant failures for both 
mandibular and maxillary areas in posterior regions 
have been observed, according to several reports.16,26,27,28,29 
This may be attributable to a combination of multiple 
preconditions often present in posterior sites, such as 
barely sufficient bone volume, poor bone quality, and high 
functional forces.30 The cortical layer of both jaws tends to 
become thinner and more porous posteriorly. Moreover, 
posterior implants must withstand the heaviest load 
and are generally short due to the insufficient quantity 
of available bone (the maxillary sinus and inferior 
alveolar nerve are the main anatomical limitations). 
However, there is no consensus in the literature, and 
other available studies reporting contradictory findings 
have not considered maxillary sites or posterior implant 
placement as risk factors.31,32

It is important to emphasize that in our study, a trend 
toward bone augmentation as a risk factor for implant 
failure was detected (Table 2). However, a statistically 
significant association between implant failure and 
bone augmentation was not found in the present 
study, although other studies have demonstrated more 
failures in these sites.33 Tonetti et al.34 have highlighted 
that bone augmentation may present complications 
inherent to the implant technique and that implants 
placed in these areas do not present high long-term 
survival rates as those placed in natural bone areas. 

To avoid augmentation, short and narrow implants 
are readily available, demonstrating favorable results. 
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Many clinical35,36 and biomechanical15 studies have 
shown that the predictability of short implants is 
comparable with that of implants of normal length. 
In the present study, the success rate of short implants 
was found to be statistically the same as that of longer 
implants, as reported in another published assessment.37

Considering the limitations of this retrospective 
study design, the number of remaining teeth, opposing 
dentition characteristics, peri-implant vertical bone 
loss, and prosthesis variables such as restorations 
and loadings were not evaluated. In addition, there 
was no consideration of some possibly misleading 
factors such as patients’ oral hygiene habits, alcohol 
intake, or periodontal status.37 

The ability to predict an individual’s risk of 
implant failure would be a significant advancement 
for the implant dentistry field. In contrast, it is 
interesting to analyze the success rates of dental 
implants placed by postgraduate students. Finally, 

it is important to investigate how educational 
institutions could be more effective in providing 
learning opportunities to dentists and successfully 
treating this patient population. 

Conclusion 

In the assessment of dental implant outcomes in an 
educational institution, the implant- and patient-based 
CSRs were 96.8% and 91.8%, respectively. Risk factors 
for implant failure using GEE analyses included 
implants placed in the maxillary arch as well as a 
strong trend toward bone augmentation areas. 
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